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| SﬁMMARY

This thesis describes the development of specific
assays for separation and extraction of viﬁamin A (retinol) ahd
its metabolites, retinal, retinoic acid, retinol acetate, retinol
palmitate and its pro-vitamin carotene. The assay employed a
liquid/liquid extraction procedure which gave reproducible
recoveries for retinol and its metaboliteé.' This was followed by
a high/pressure liquid chromatography (HPLC) procedure using a
silica column with hexane:tetfahydrofuran:formiq acid as mobile
phase. This gave excell;nt chromatographic efficiency and
resolution of métabolites and resulted in a highly sensitive ana
sbecific assay for all the compounds analysed."Thevassay was
used for serum, and was modified to .be applicable also for liver
and nutritional solutions. A majbr benefit of this assay
compared with previous methods is that all retinol metébolites
can be separated on a single column without requirement for

. expensive gradient systems.

The HPLC method was compared with the more commonly
used fluorimetric method. Fluorimetry provided a more rapid
result but was found to be affected by triglyceride and other
interfe;ing substances. HPLC was thereforé a more accurate assay
for patients likely to be receiving nutrienfs or drugs which
would interfere with the fluorimetric method.

A number of studies were performed on vitamin A status

in man and rats.



1)

2)

3)

4)

(xvi)

Retinol is‘thé only retinoid fbund in measurable
amounts in serum of normal man and rats and those with
certain types of tumour and disease.

In all studies in man, serum retinol correlated well
with its carrier protein, retinol-binding protein
(RBP) .

There is a significant fall in serum retinol concen-

‘tration during the day in normal individuals.

The effect of intravenous nutrition (IVN) on serum
retinol was studied. Retinol palmitate was found ﬁo be
unstable in fat-émhlsicn, but it can be protected from
degradation if stored in the dark at room temperature
for 24 hours or at 4°C for 7 days. ~Infusion of 750 pg
retinol palmitate intravenously in Intralipid leads to
no change in serum retinol, and the retinol palmitate
is cleared from the serum within 4 hours. Oral retinol
palmitate (160 mg)'was also rapidly cleared within 8
hours, and with no effect on serum retinol. The main
effect on serum rétinol concentratioﬁ in patients
receiving IVN was the presence of an acute phase
reaction rather than the dose of retinol provided. 1In
the absence of an acute phase reaction (eg long term
IVN) serum retinol‘was normal or-iﬁcreased to normal in
patients receiving IVN. In such patients, this
reflects improved protein'statué as well as adequate

vitamin A provision.



5)

6)

7)

a)

b)

c)

(xvii)

Rats fed on a vitamin A deficient diet developed low
concentrations in liver after leeeks, and in serum
after 5 weeks. The rapidity of this response may
relate to the rate of growth of the rats. Signs of
vitamin A deficieﬂcy were not seen up to 8 weeks of
vitamin A free diet.

Serum retinolrdoes not correlaté with liver stores of
retinol palmitate in either man or raﬁs except in
severe deficiency. 'Assessment of overall retinol

status therefore requires liver analysis.

The effects of various neoplastic diseases on retinol
status in man were studied.

There was no relationship betweén the serum retinol
concentration and the presence'of'oral cancer or
leukoplakia. Oral Crohn's Disease did ﬁowever‘lead to

low serum retinol concentrations.

"There were no significant differences in serum retinol

or liver retinol palmiﬁate between patients with colo-

rectal or gastric cancer and those with benign disease.

The presence of metastases at the time of surgery had

no effect on serum or liver vitamin A.

In patients more than one month post operation for
colorectal cancer, there was ﬁo significant difference

in serum retinol or cholesterol from controlé.

These studies have therefore failed to show any

association of serum or liver vitamin A with colorectal

or oral cancer.




8)

9)

(xviii)

The effect of the oral carcinogen (4-nitroquinoline-
N-oxide) was studied in rats. Rats treated for 32
weeks developed oral tumours and had low serum and

undetectable liver vitamin A. Rats treated for 8 weeks

or 14 weeks had not developed tumour but atypia scores

were increased, and serum and liver retinoids were very

low. The amount of the fall in serum retinol

‘correlated with the rate of increase in weight of the

rat. These results suggest that there is increased
reguirement for retinol during the early stages in
development of_or;l tumours in rats.

Iron deficiency led to earlier development of oral
tﬁmour in rats with oral carcinbgen, but this had no

effect on serum or liver vitamin A.

Taken overall, these studies indicate that there is a

complex relationship between vitamin A status, protein status,

neoplastic disease and the presence of an acute phase reaction.

Interpretation of serum retincl results in relation to aeticlogy

of disease or effect of treatment requires careful consideration

of these factors.



1) INTRODUCTION
1.1) History

The first evidence for the existence of Vitamin A came
when Hopkins (1906 and 1912) showed that a diet of natural fats
and oils fed to young rats led to good growth, whe;eas other fats
fed to similar rats did not. His experiments suggested the
existence of an "Accessory Food Factor"™. Osborne and Mendel
(1913) and McCollum and Davis (1913) extracted the saﬁe growth
factor from buﬁter, egg.yblk and cod-liver o0il with ether,
showing that it was fat soluble. McCollum and Davis (1913) came
up with the name "fat soluble A" to distinguish it from "water
"soluble B" which they had found in whey, yeast and rice
polishings.

McCollum and Simmdnds,(1917) found that this "fat
soluble A" factor was capable of preventing xerophthalmia.
Fridericia and Hblﬁ (1925) showed it also prevented night
blindness.‘ In 1920 Drummond named the active lipid "yitamin A".

Mellanby (1918), distinguished vitamin A from fat-
sbluble vitamin D since it was ineffectivé in the cure of
rickets. Rosenheim and Drummond‘(1920) shdwedyﬁhe first
relationship between vitamin A and the plant pigment carotene,
which was extracted by Steenbock- et al (1921) and found to be a
growth—bromoting substance in plants. When the structure of
beta-carotene and that of retinol was elucidated by Karrer .et al
(1930, 1931 and 1933), the pro-vitamin role of beta-carotene

became obvious.



1.2) Chemistry of vitamin A

The chemistry of retinol and its derivatives have been
reviewed (Isler et al 1967, 1970). Vitamin A is a fat soluble,
long chain alcohol which exists in a number of isomeri‘c forms.
The most active'form and that most usually found in mammalian
tissues is the all-trans vitamin A (stereoisomer).

Isomers with cis configuration at thé 11 or 13 position
occur less commonly and have somewhat lower. biological activity..
The alcohol form is known as retinol, consisting of a hydro-
carbon chain with a beta-ionone ring at one end and an alcohol
group at the other (Figure 1).

The terminal alcohol group can be oxidised in the body
to an aldehyde (retinal) or a carboxylic acid group (ret.inoic
acid).

Beta-carotene 1is the »only carotenoid which has a
structure identical with retinol in both halves of the molecule
(Figure 2).

Retinol itself is a pale yellow crystalline substance,
soluble in fat and fat solvents, but not in water. rNaturally-

Iocéaffiié vitamin A is found .only in the animal kingdom, although
pro-vitamin A (cgrotenoids) occurs in the vegetable kingdom.
Retinol is often found in an esterified form and esters such as
the acetate and palmitate are sometimés preferred for nutritional
and medicinal use. Vitamin A, especially the free alcohol, is
sensitive to oxygen, acids and ultraviolet light, Vitamin Ay is
closely related to Vitamin Aq, but contains an additional double

bond in the beta-ionone ring (3-dehydroretinol). It has about
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RETINOL ‘CH,OH
RETINAL CHO

RETINOIC AC!ID COOH

Figure 1: Structure of vitamin A and its derivatives
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half the biological activity of retinol, but is of littlev
biological importance. It occurs Wiih vitamin A in fish liver
0il (Davidson et al 1979).

One international unit of vitamin A is defined as 0.3 pg
of all-trans retinol. Generally 1 pg of retinol is assumed to be
biologically equivalent to about 6 ug of beta-carotene, or about
12 pg of mixed diet cérotenoids (Recommended Dietary Allowances,

1980) .

1.35 Absorption

Huang and Goodmah (1965) studied the absorption of
retinol from the diet, which was present in the form of long-
chain fatty acid esters of rétinol.' The steps of the absorption
process begin in the intestine, where hydrolysis of retinyl
esters take place, and the resulting retinol ié then absorbed
into the mucosal cell. Goodman and Olson (1969) proved that
dietary carqtene was converted to retinoi primarily in the
intestinal mucosa. In the mucos;l cell retinol is re-esterified
with long-chain, mainly saturated fatty acids and incorporated
into chylomicrons. The ch&lomicrons'are absorbed in the lymph
and enter the circulation. All the chylomicrons and retinyl

esters are removed from circulation by the liver. (Figure 3).
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1.4) Transport of Retinol

Kanai et al (1968), stqdied the transport of retinol.
They showed it is carried in plasma, bound to a specific
transport protein, retinol-binding protein (RBP). This protein
is a single poly—?eptide chain with a molecﬁlar weight of about
21,000-22,000. tKanai et al (1968) later described this relation-
ship'and the role of RBP to rétinol. Retinol binds to.the
apoprotein on a 1:1 molar proportion and the hblo-protein
circulates in plasma on a 1:1 molér basis with prealbumin (PA).
According to Raz- gE_giv(1970) their data strongly suggested that
RBP has a single binding site for retinol and that the PA has a
single binding site for the holoprotein. The combination
involves a protein-lipid (RBP-retinol) and a protein-protein
(RBP-PA) interaction. Petersen (1971) added the fact that
retinyl esters do not bind to RBP.

Goodman (1969) and Petersen (1971) found that under
controlled conditions retinol is differentially removed from the
RBP-retinol complex at a fasterArate,-than from the RBP-PA
complex. They'éuggested that no covalent bonding is involved and
that the protein—prétein interaction serves to stabilize and
protect the bound retinol molecule.

1.5) Intra—-cellular binding proteins

A number of tissues from rats, human and other species
contain a soluble infré—cellular protein with binding specificity
for retinol (cellular retinol—binding protéin, CRBP), and for a
similar protein with binding specificity for retinoic acid.
(Cellular retinoic acid-binding protein, CRABP) (Goodman, 1984).

Both CRBP and CRABP have a molecular weight close to 14,600 and



single binding sitesrfor one molecule of retinoid ligand. The
intra-cellular binding proteins différ in a number of major ways
from plasma RBP (Goodman, 1984}. Oné_ EE_El.(19é2) indicated
that CRBP is not tissue specific. Chytil, (1984) found that
CRABP allows specific transfer of retinoic acid into the nucleus
and to chromatin which was not influenced by CRBP.

Chytil and Ong (1984), Roberts and Sporn (1984) andv
Lotan (1980) investigated the possibility that there is a
, relationShip between the intracellular retinoid;binding proteins
and cancer, or between the proteins and the anti—carcindgenic
activity of getinoids. Chytil and Ong (1979) suggested that the
intracellular binding proteins may play a direct role in the
biological expression‘of vitamin A activity (eg analogous to
steroid hormone receptors).

As indicated later, retinoids affect cell differenti-
ation and pfoliferation,’ and are thought to affect gene
expression in target cells (Roberts and Sporn, 1984). Kato et
al (1985) in a recent report, found that both cellular binding
prbteins were present in all tissues and organs exémined. They
suggest that both proteins are involved ih_critical biochemical
functions in many types of cells fhroughout the body; The nature
of these functions, and of the regulatory processes.that control
the tissue levels of CRBP and CRABP, needs more investigation.

1.6) Biological Action of Vitamin A

Vitamin A (retinol) is necessary for normal vision,
reproduction and maintenance of function of the epithelial cells.
In general vitamins function in the body as co-factors to

enzymes involved in intermediary metabolism.
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Figure 4 illustrates the biolocgical action of the three
ﬁatural retinoids.

Rétinal, which is responsible for the visual cycle, is
reversibly formed from retinol in the body. The conversion of
retinol to retinoic acid is irreversible;' In the visual process,
vitamin A ?lays a very special role. Vitamin‘A, in the form of
its aldehyde, retinal, combines with the protein opsin fo form
rhodopsin (Weber, 1983) .  Numerous studies in vivo and in vitro
have established that vitamin'A (retinol‘apd retinoic acid) is
required for the normal differentiation and maintenance of
epithelial tissues; howevef, the molecular mechanism of these
effects have not yet been revealed (Lotan, 1980). Mueller et al
(1978) explained that epithelial tissues undergo continuous
replacement, and cells are progressively changing their pheno-
type, probably in response to hormonal, nutritional or other
environmental stimuli. These factérs may influence>specific
metabolicrpathways directly or they may modify metabolism by
altering the expression of genes, thus producing new proteins
and/or‘gl§coconjugates. In several tissues exposure to certain
hormones may induce proliferatiqn of specific cells. During céll
replication inductive events may lead to irreversible changes in
ceil phehotypes due to alterations iﬁ the spectrum of their
inducible genes.

Vitamin A appears to induce proliferation and
differentiation of the basal‘gefminative layer of epithelial
cells and, according to this, its mechanism @f action is similar

to the action of steroid hormones.
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Mills (1983) studied the effect of vitamin A on cellular
differentiation under conditions of deficiency and excess of
vitamin A. Déficiency results in squamous metaplasia in the
epithelium of the different organs. Excess of vitamin A sup-
presses keratinisation of epithelial tissue, and also causes a
variety of toxic effects (Bollag, 1974). Retinol is accumulated
.by the liver, and prolonged, chronic ingestion of high doses of
vitamin A results in the destruction of liver pafenchymal cells,
Acute ingestion of'high doses may cause brain—stemvoedema,
leading to headaches, then eoma, followed by death (Hicks, 1983).

In an attémpt to avoid ﬁhe toxicity, chemical modifi-
cation has been tried, usually of the cyclic or polar end groups
of retinol. This has resulted in numerous compounds, called
retinoids (Rustin, 1983). These synthetic retinoids are not
stored in liver, so they do not appear to damage the organ
(Rustin, 1983). Retinoids have been dsed in treatment of skin
disease and certain types of cancer, and also in studies of the
prevention of carcinogenesis (Meyskens, 1982; Kessler and
Meyskens 1984 ; Meyskens gE_él 1985 ). Further studies
are needed to elucidate their role, fate and theirbrelationships
to cell differentiation or proliferation.

1.7) Deficiency of vitamin A

Vitamin A is an essential substance, and for the lack of
it many people in fhe world suffer iil—health, blindness or even
death. Vitamin A deficiency seems to be thevmost common
nutritional deficiency disease in the world. The most tragic
manifestation of the deficiency is blindngss in young children.

This occurs since vitamin A operates in vision as retinaldehyde
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(Section 1.6), which forms thevchromophoric group of wvisual
pigment. If there is insufficient vitamin A, inadequate amounts
of rhodopsin vfsual pigment are formed. In man, rods which are
the location of rhodopsin aré sensitive to light of 1low
intensity, and this is first affected. This is followed by
xerophthalmialqr:dryness of the eyes, and then by keratomalacia
with melting or dense scarring of. the cornea (Pirié, 1983) .

Viéamiq A deficiency leads to damage to epithelial
tissues, and apparently also to nerves and bony structures
(Aykroyd, 1958). Oomen (1958) hypothesised that many clinical
phenoﬁena- ma& be conditioned'by vitamin A éeficiency eg urinary
calculus, bronchopneumonia, and fatty infiltration of the liver.
These suggestions have not been confirmed.

Most aQailable evidence suggestsvthat the course of
Vitamin A deficiency is due to reduced diefary intake of vitamin
itself. Gopalan et al (1960); Venkatachélam and Gopalan (1960)
suggested that thére are other factors playing a significant role
in vitamin A deficiency. Because of the inter-relationship
- between protein\nutritional status and Viﬁamin A metabolism, it
has been suggested that protein intake ié perhaps one of the
factors which may bé related to vitamin A deficiency. With
protein deficieﬁcy, a péor absqrption of vitamin A and carotenes
from the diet may also occur (Srikantia, 1975) .

Infection can play a role in the development of vitamin
A deficiency, because infections are known to inéreasé thé
requirement for many nutrients including vitamin A, and alter

their metabolism (Srikantia, 1975) .
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There are several infectious diseases associated with
xerophthalmia. The commonest is upper respirétory disease with
fever and cough, and diarrhoea (Pirie, 1983), since vitamin A
deficiency caﬁses keratinization of epithelium in the trachea and
loss of mucus cells and thinning of the gut epithelium.

Sauter, (1976j found that measles also seems to léad to
keratomalacia. Dosseter and Whittle (1975) explained that the
measles virus may infect the corﬁea, and‘fever will reduce
vitamin A transport, since with stimulation protein-energy
malnutritioh will increase-and this will be made worse by the
loss 6f protein through ﬁhe gut wall.

Sivakumar and Reddy (1972) indicated that absorption of
vitamin A is impaired in infectious diseases, and serum vitamin A
and proteins are depréssed (National Institute of Nutrition,
Hyderabad, 1980). Marks (1968) suggested that transport of
vitamin A may be ‘affected as a result of depletion of cérrier
proteins.

Loss of resistance to infection has been established in
animals as well as in man in cases of vitamin A deficiency
(Clausen, 1935). He believed that an early adequate diet,
pérticularly one rich in vitamin A, tends to prevent the develop-
ment of vitamin A deficiency and minimise the effect of
infection. | |

Finally, the degree of vitamin A deficiency varies from
one area to another and from one animal species to another. The
deficiency in the same species varies according to age, sex and

environmental condition. To treat vitamin A deficiency, a high
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daily intake is needed, as soon as it occurs. However, due to

the toxicity of high doses of vitamin A, the treatment must be -

handled with care.

1;8) Assessment of vitamin A status

For the past 10 yeers,‘workers have been developing new
or modified methods, with a view to providing information for the
evaluation of nutritional status.

Sauberlich et al (1974) indicated that for many
nutrients, biochemical laboratory techniques have been inveeti—
gated, developed and employed in assessing nutritional status.

The majority of these techniques involved:-

a) measurement of the nutrient level iﬁ the blood‘

kb) measurement of the urinary excretion rate of the
nutrient

c) measurement of the urinary metabolites of the nutrient.

d) measurement in blood or urine of abnormal metabolic

products resulting from deficient or submarginal intakes

of the nutrient
e) measurement of chaﬁges in blood components or enzyme

activities that can be related to intakes of the
nutrient.
f) load, saturation and isotopic tests.

In the past, the assessment of vitamin A status usually
involved examining for night blindness or detecting clinical
eye-signs of vitamin A deficiency (Section 1f7)’

Rodriguez and Irwin,(1972), Peterson et al (1974),
Carney and Russeli, (1980) used the consequent increase in visual

threshold after intake of vitamin A as a measure of vitamin A
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status, and vitamin A deficiency has been detected successfully
(Russell et al 1973, Carney and Russell, 1980). This could be a
valuable measurement when considered Qith plasma retinol concen-
tration.

Dark adaptation can be faulty for reasons other than
vitamin A deficiency (Morrison et al 1978). It would not be
practicable to use this test widely because of the cost of the
apparatus and co-operation of the subjects who. are mostly young
children.

Another aid in determining vitamin A status is the
assessment of dietary istake. Calcuiating,the dietary intake of
vitamin A and provitamin is difficult, bscause of the different
content of carotenoid in fsod, the maturation effect on caroteﬁer
content, the rapid conversion 6f provitamin A to inactive
carotenoids biologically, and isomerization and losses during
storage and food preparation. The estimation from food com-
position therefore provides only a qualitative indicator (Olson,
1982) . These tests are helpful’in'confirming vitamin A deficiency
but are ineffective in evaluating marginal or normal states of
vitamin A nutrition. |

Measurement of plasma retinol concentration may help in
the determination of Qitamin A status.iBlood samples can be
readily obtained for screening purposes and for sequential
studies. Although clinical vitamin A deficiency is always
associated with a low plasha retinol, there are limitations in
interpreting plasma concentrations. The plasma retinol concen-
trations can rise/and fall for reasons unconnected with the

vitamin A status of the body. If dietary protein is inadequate,
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RBP biosynthesised in the liver will be affected and plasma
retinol concentration will also be affected (Arroyave et al.
1961, Glover ‘énd Muhilal, 1976). Also retinoids other than
retinol, depress the plasma retinol concentration as a
consequence of diminishing the demand of tissues for retinol
itself (Underwood, 1974, Keilson et al 1979, Léerch et al- 1979).
‘ Variéus diseases can affect the output of the retinol-RBP complex
by the liver or its metabolism by the kidney;‘thus léwering or
raising the plasma retinol concentration (Smith aﬁd Goodman,
1971, Kindler, 1972, Underweod, 1974).

A new approach is carried out by Loerch et al (1979)
'relative dose response', based on the increase in the plasma
retinol concentration brought abéut by a dose of Qitamin A. If a
low plasma retinol concentration is due to‘lack of reserve in the
liver, the relative dose response is high. 1If little effect
occurs, the low level is due to other facﬁors. A more effective
approach is‘the use of isotope dilution assay: When a dose of
radioactive retiﬁol is given to rats or humans on a vitamin
A-free diet, équilibration between plasma fetinol and liver
retinol occurs within 7 and 15 to 26'days respectively and total
body retinol can be calculated (Rietz et al >1973; Sauberlich et
al 1974).

More than 90% of the total body reserve of vitamin A is
stored in the liver of a well-nourished individual.. Bhat and
Lacroix (1983) found that in liver tissue retinol palmitate
constituted 79% of the total esters. Thus analysis of liver

retinol palmitate concentration should generally provide a good
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estimation of total body‘storage.‘ There are however obvious
difficulties in obtaining liver from patients and practical
difficulties with.autopsy specimens. |
It is not known to what extent human liver is capable of
concentrating vitamin A. Davies and Moore (1935) gave vitamin A
to rats until tﬂeir livers appeared incaéable éf holding any
more; on examination the levels reaéhed 10,000 1U/g (3,000 pg/g) .
Smith and Malth@s (1962) found that the capacity of human liver
to store retinol in the form of retinol esters is very large.
They reported values as high as 3,500 pg/g. In general, Pearson
(1967) found the ranges are ofA100—300 Bg/g9 in well-nourished
human populations. Olson (1979) classified the severity of
deficient liver retinol levels, as inadequate (less than 20

pg/g9), critical (less than 5 pg/g), or absent (less than 0.6

ng/qg) .

1.9) Daily reduirements of vitamin A

Srikantia et al (1975) pointed out that man's require-
ment of vitamin A was not accurately known. Firstly, there have
been few studies designed to evaluate direct human requirements
of vitamin A, Secondly, the capacity of human liver to store
vitamin A is not»known. Finally, althoﬁgh the role of vitamin A
in vision has been well established, its role in other.physio-
logical functioné in the body are not fully understood.

Hume and Krebs (1949) suggested that 750 pg of retinol
represents the daily needs of a healthy adult to maintain
reasonable body stores in both sexes. In pregnancy there is no

need to increase the amount except in lactation, when a minimal
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additional amount may be considered necessary. Recommended daily
intake HMSO (UK) 1979 was alAso 750 ug, while recommended daily
allowances by the National Academy of Sciences (Usa) 1980 was
1000 ug. These amounts are required to maintain an ‘adequate
blood concentration and to prevent all deficiency symptoms for
adults. An intake above the requirement is considered necessary
,‘in order to producé liver storage. Excessive vitamin A is toxic
to both children and adults and should be avoided. The committee

believes that not more than 2250 ug retinol should be given to

adults daily. .

1.10) Requirements of ‘vitamin A in disease

Nutrition in general is good for wound healing and other
complications occurring after surgery. An adequate supply of
energy, amino acids, trace elements, and other micro-—nutrients is
important. When some of these nutrients are lacking, oedema 1n
~the edges of wounds or wound rupture may occur,‘as an indication
of poor healing. Harvey and Howes (1930) observed that surgical
wounds in the stomach of the rat healed in relation to the state
of nutrition. Bozzetti et al (1.975) have demonstrated the
improved cqllagen synthesis in the wounds of patients receiving
adequate parenteral nutrition. Tenenbadm et al (1986) found
that supplementary vitamin A increases collagen content in the
gastrointestinal tract of normal rats, and prevents the decrease
in tissue collagen content following injury. Winsey et al
_'(1986) showed that dietary vitamin A supplements prevented the
inhit;itory effect of preoperative x-irradiation on healing of

colon anastomoses. The requirement of vitamin A in disease has
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not been thoroughly investigated, but commercial tube feeds for
sick persons or those in the post-operative period usually

contain the recommended amount for individuals in health.

1.11) Intravenous nutrition (IVN)

| In recent years, total parenteral or ihtravenous
nutritibn (IVN) hasvbecome possible in maintaining nutrition in
seriously ill hospiﬁél patients. It is widely accepted that a
daily supply of energy and'nutrients is necessary to maintain ;
patient in an optimal state of nutritioq, and to give a good
resistance to illness and-trauﬁa (Richards and‘Kinney, 1977;
Kleinberger and Deutsch, 1983). The content of the intravenous
solutions should contain the basal nutritional requirements, and
also help to make up any losses ol deficiencies present.

Intravenous feeding'. 1is particularly valuable in
situations where oral feeding or tube feeding is not possiﬁle.
Shenkin and Wretlind (1978) stated that the intravenous nutrients
should be in the same quantity and form as are normally trans-
ferred to the blood from the intestine after adequate oral
feeding.

Dudrick and Rhoads (1971) suggested that IVN may
eventually be used to correct metabolic diseases,bor to treat
patients with malignant disease, by using a diet which starves
the tumour, but at the same time supports the patieﬁt's
nutrition,

~Intravenous nutritiqn, consists of the different
nutrients, water, amino acid, fats, carbohydrates, minerals and

vitamins. For efficient utilisation of all nutrients, they should
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be administéred at optimal doses to correct existing deficiency,
and to prevent the occurrence of new deficiencies during
nutritional support.

Vitamin A delivery in intravenous solution has been
studied by many workérs. Ailwood (1982) found that the stability
of vitamins in TPN depends on a number of factors, including
adsorption to the container, the effects of ultraviolet light and
the presence of trace élements. Hartline and Zachman (1976)
found that the major factor in décreasing vitamin A adminis-
tration to the patient was abso:ption of the vitamin to the
chamber and tubing ofAthe administration bottle. This was
confirmed by Gillis et al (1983) who suggested a re-examination
of the method of solubilization of fat-soluble vitamin and the
materials used in the manufacture of clinical infusion equipment.
Because of the variations of vitamin A stability, individual
workers require to demonstrate its stability in the conditions of

study.

1.12) Nutrition and Cancer

The relationship between diet’and nutritioﬁ and their
effect on cancer received little attention before 1942 when
Tannenbaum and later Ross and Bras (1965), studied the effect of
‘diet in reducing animal tumours. The relationship between
dietary factors and carcinogenesis in humans has been actively

studied since then.

Epidemiologists and experimentalists have found that
nutrition in general is related to the development of cancer in

three ways (Reddy et al. 1980):-
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i) . food additives or contaminants may act as carcinogens or

co-carcinogens or both.

ii) nutrient deficiencies may lead to biochemical
alteration
iii) change in the intake of selected macro-nutrients may

. produce'metabolic and biochemical aSnormalities, which-
increase risk of cancer.

Rivlin (1982) tried to expléin the relationship between
nutrition and cancer and suggested that it may be useful to
consider the relationship between at least four major items.

First, some dietary factor may influence the development
of certain tumours. |

Second, the development of cancer often hés major
effects upon the nutritional status of patients.

Third, the treatment of cancer may effect nutritional
status.

Fourth, great advances have been made in the nutritional
management of patients with cancer using intravenous, enteral or
oral feeding.

Although the relationship between nutrition and cancer
is complex, they interact in a number of important ways and to an
increasing extent nutritional factors have been found useful in

both the prevention and treatment of cancer.
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1.13) The relationship between vitamin A and cancer

Vitamin A is required for normal growth and differen-
tiation of epithelial tissues, vision and reproduction, as
described in Section 1.6 earlier. Farber, (1981) studied a two
step_model of carcinogenesis on which most of the understanding
of the action of retinoids has evoived_(i)linitiation: the
irreversible genetic alteration of a target cell by carcinogén
and (ii) promotion, which results in a phenotypic expression of
that genetic alteration. Krinsky and Deneke, (1982) Nettesheim
and Williams, (1976) suggest that vitamin A may interact with
initiation of a cancer either by direct_involvement with the
initiator or by increasiﬁg susceptibility to carcinogens due to
vitamin A deficiency.

The antipromotion effects of -retinoids méy occur through
at least three different mechanism$. Boutwell, (1982) found that
retinoic acid (retinoids) inhibiteq ornithine decarboxylase
activity, a key enzyme in the process of tumour promotion. Sporn,
(1980), Elias and Williams, (1981) hypothesized that retinoids
may directly compete with promotiﬁg agents for control of
cellular differentiation by effects on cellular protein
synthesis. Sporn and Newton (1931) showed that retinoids block
the effects of transforming growtﬁ factors in vitro, and may
compete with growth factor to prevent expression of malignant
growth.

Bjelke and his colleagues (1975) found an inverse
association between the incidence of lung cancer and the intake
of diétary vitamin A. He also found that decreased Qitamin A

intake was associated with an increased risk of cancer of the



19.

colon (Bjelke, 1974). This negative association may be under-
~estimated beéause of inaccuracy in measuring the dietary
variable. ' Peto et al (1981) indicated fhat dietary
beta-carotene correlated inversely with human cancer risks, and
if dietary beta—qarotene is truly protective there are a number
of‘theoretiéal mechanisms where it might act. Some of these
mechanisﬁs do not directly involve its 'provitamin A' activity.
On tbe other hand measurement of retinol.levels in serum
may reflect a relationship between vitamin A and cancer.
Atukorala et al (1979) in a retrospective study of serum
retinol, found low serum concentrations in pat%ents with lung
cancer. Ibrahim et al (1977); Wahi et al (1962) found low serum
concentration of retinol in patients with oral cancer. 1In a
prospective étudy, low serum retinol levels were associated with
an increasgd risk of lung cancer (Wald et al 1980). The
association was greatest for men who developed‘lungbcancer. Basu
et al (1976)} Atukorala et al (1979) suggested that the low
levels may have been a result of the cancer rather than a
precursor.,
| Kummet and Meyskens (1983) supported the conclusion that
vitamin A is a natural inhibitor for the’devéIOpment of cancer,
‘but due to;the multiplevfactofs which contribute to the develop-
. ment of cancer,_it is difficult to distinguish the exact role
‘that vitamin A plays. As described earlier, due to toxicity,
the side effect of using vitamiﬁ A as treatment for cancer,
synthetic compounds (retinoidé) have been developed. Further
careful studies are needed in future to establish ﬁhe use ofi

these compounds in preventing cancer.
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1.14) Role of cholesterol in cancer and relation to vitamin A

Dietary cholesterol and vitamin A are both transported
from the intestine in chylomicrons produced during absorption of
fat (Goodman, 1962, Redgrave, 1970). Bothvcholesterol and
vitamin A are deposited in the 1liver after catabolism of the
- chylomicrons (Goodman et al 1965, Fidge. et al 1968). The
vitamin A and cholesterol are initially removed from the hepatic
sinusoid into parenchymal cells. Vitamin A is presumably then
transferred from the parenchymal cells into the perisinusoidal
fat-storage cells. The fat-storage cells appear to play no part
in the metabolism of chylomiéron cholesterol, which has been
shown to be localised in the non-phagocytic fraction of liver
cells (Redgrave and Vakakis, 1976; ﬁedgrave; 1970; Nilsson and
Zilversmit, 1971).

In human blood, most choiesterol is fouﬁdiin two types
of lipoprotein particles, low density lipoprotein (LDL) and high
density lipop;otein (HDL). These two lipoproteins have opposing
physiological roles‘(Peto, 1981) .

In recent years, considerable interest has been given to
the association.between low serum cholesterol concentration and
the increased incidence of cancér, especially colon/rectal cancer
(Williams et al 1981) and the correlation between serum concen-
tration of cholesterol and the retinoids (Kark- et al 1982).

There are several explanations for these associations.
Kark et al (1982) suggested that the inverse relationship
between serum cholesterol and cancer incidence may be secondary
‘to an association of serum retinol with cancer. This suggested

that the inverse relationshipvmay reflect a vitamin A/cancer
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relationship by way of the correlation between serum retinol and
cholesterol. Smith and Hoggards (1981) supéorted this, and
indicated that the relationship is with LDLQCholesterol. They
found also a possible link between serum beta?carotene and serum
cholesterol. Adams et al (1985) indicated that association
between low serum cholesterol concentration and cancer risk is
likely to be indirect, and may be mediated through vitamin A
metabolism. One possible mediator is carotene, since LDL is
involved in the transport of carotene. Most evidence of a
relationship between cholesterol concentration and cancer has
implicated primarily total cholesterol and LDL-cholesterol and
not HDL-cholesterol, (Wald et al 1980; Rose and Shipley, 1980,
consistent with the suggestion that low cholesterol level may be
a metabolic consequence of cancer rather than a precursor.

Rose et al (1974) in a six-country‘prospective study
identified only 90 persons with coronary heart disease whovalso
in due course developed colon cancer. Cruse et al (1975)
"suggested that cholesterol may act as a co-carcinogen within the
colon. Unfortunately, many details remain obscure. Further
studies on dietary intake of fat, coronary heart disease,

beta~carotene and retinol metabolism and the relation to cancer

are needed.
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The objects of the present study were:-

To develop a specific high pressure liquid chromato-
graphy method to separate retinol and its metabolites.
To investigate the effect of nutritional status, on
serum and 1ivefvvitamin A,

To investigate the role of vitamin A status in cancer,

using serum and liver vitamin A measurements.

Methods

+atistical Methods

In general, results throughout this thesis are

expressed as mean * SD (standard deviation). Comparison of means

has been made by Student's t-test. Where results were not normally

distributed, median and range is stated and comparison of groups

has been made by Mann-Whitney test.
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Analytical Methods

2.1) Methods of measuring Retinol

2.1.1) Cblofimetric Method

The Carr-Price method (1926) has been extensively used
and involves the treatment of vitamin A witﬁ antimony tri-
chloride. The blue colour thus obtained has.a maximum absorbance
at 620 mp. |

This method has been widely used in the past but there
are disadvantages. The colour formed is temporary and must be
read within 5-15 seconds. The method is extremely sensitive to
moisture, which results in a turbid solution (Moore, 1957). It
is not specific for retinol, since carotenés are measured at the
same time énd a co;tection is madé for the colour given. The
reagent is corroéive, is a source of danger to the instrument
and difficulty may arise in the cleaning of cuvettes. The method
is therefore unsuitable for routine use, |

Because of these limitations, a variety of methods for
the determination of vitamin A ip serum and.food have been
applied and modifications to the Carr-Price method have been
made.

Bessey et al (1946) developed an UV épectrophotometric
method to determine vitamin A and carotene by reading the
extinction at 325 nm and 460 nm respectively before and after
irradiation of the serum with ultraviolet light of a wavelength
between 310 and 400 nm. ’Vitamin A and carotene were destroyed

under. these conditions. These determinations required expensive
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equipment and haemolysed blood has been found to give‘higher
cafotene values. Results tend to be unreliable, due to the
higher blanks after irradiation (Sobel and Snow, 1947).

The Carr-Price method and its modification are unsuit-
~able for measuring vitamin A in food products, because of
problems with turbidity and non—épecific interference.

Neeld-Pearson (1963) developed a method where tri-
fluoroacetic acid (TFA) reacts with viﬁamin A, to form a cdmpound
with a blue colour. This blue colour has a maximum absorption at
616 mu. The procedure is the same as the Carr-Price method
except that_TFA replaces the SbClj. This method shows increased
sensitivity and specificity, but since carotene reacts with TFA
a correction is apélied. A large pércentage of stored specimens
contain an artefact which gives a colth with TFA, similar to
that given.by vitamin A,

Most of these experiments measured total vitamin A and a
correctionvis needed to obtain the true retinol value, because of
the colour gi&en by carotene. The colour produced is unstable.
Preéision and acéuracy are poor due to interference.

2.1.2) Fluorimetric method

Many procedures have been published using the property
that vitamin A (Retinol) and its ‘derivatives (ester forms)
fluoresce in ultraviolet light.

Thompson et al (1971) developed a method using
excitation wavelengths of 330 and and 360 nm and emission was
measured at. 480 nm. They tested the interference of other
derivativgs, and only phytofluene (a carotene-like pigment

present in tomatoes) had a large value of fluorescence, which
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might interfere with the retiﬁol results. Thezcompa??spn‘of
their method with other previous workers gave a good correlétion
except that due to phytofluene interference a corfection formula
was needed. They were unable to assess aécuracy as the true
level of rétinol in the blood was not known.

Drujan EE_El.(1968) obtained normal values for vitamin
A (Retinol) in human blood samples. They suggested that there
was probabiy no interference‘due to phytofluene. The diet of the
volunteers was very low in vitamin A in this study.

Rahan (1966) used an extraction system of water:ethanol-
:cyclohexane (1:5:5). He found ;hat there was a linear
relationship between fluorescencé and céncentrétion of retinol
acetate within the range of 0.2-300 pmol/l. The deviation at
levels higher than 300 pmol/l is due to concentrétion quenching.
He claimed to have demonstrated specificity by confirming that no
interference occurred from haemoglobin, bilirubin, cholesterol,
other fat-soluble vitamins and carotenoids, which had no
detectable fluorescence. Hansen and Warwick (1966 and 1968)
confirmed that finding, élthough the reéinol level was above the
accepted normal value, due to the presence of phytofluene.

Leitner et al (1960) estimated wvitamin A and caro-
tenoids. They found that sex, food as well as seéson affectea
the levels of Qitamin A and carotenoids in blood samples.

Previous workers h;ve developed their fluorimetric
methods using different solvents, excitation and emission wave-
lengths. They did not give adequate accuracy due to the présence
of phytofluene, also there was no mention of precision or per-

centage recovery and they used a formula to correct interference



26.

of phytofluene. The treatment of the sample and standard may
have been different, since standards were extracted from aqueous
solutions rather than from preparations usiﬁg vitamin free serum.

As part of the present study, a comparison was perférmed
between a fluorescence method and a high performance liquid

chromatography method (HPLC).

2.1.2.1 Fluorescence method for vitamin A analysis, used in this

Absolute alcohol "Analar" cyclohexane (fluorescence
grade), BDH, England, retinel acetate (Sigma). Perkin Elmer MPF
3 spectrofluorimeter used with sgtﬁing for retinol excitation 340
nm, emission 470 nm with slit width 10 nm for bqth, and
sensitivity setting as required.

Method

The method used for measuring vitamin A in plasma was a
modification of thét of Kahan (1966) and Thompson EE_il (1973) .
The principle is that the plasma sample is dilufed in agqueous
ethanol and retinol extracted into cyclohexane and determined by
fluorimetry.

To 1 ml of distilled water, add 500 ul of distilled
water, plasma or working standard of retinol acetate.

5 ml of ethanol 99.5% is aaded, thé solution mixed by
shaking, then 4 ml of cyclohexané is added, the mixture shaken
well, centrifuged and the upper cyclohexane 1ayef removed. The
fluorescence was measured with a setting ofvzero with blank
solution and 50 with standard.
pmol/1l retinol = Fluorescenée intensity of sample x C

Fluorescence intensity of standard
Where C = concentration of standard
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2.1.2.2 Vitamin-free serum

The method uged was adapted from Schade, (1981). 15
grams éctivated charcoal powder (Norit 01, Searle) was added to
100 ml serum pool, and stirred with a magnetic rod overnight at
4°C. The preparation was ultracentrifuged at 40,000 rev/min at
10°C for half an hour, The supernatant was cleared witﬁ
crystalline cellulose and centrifuged (sometimes serum was SO
élear‘after ultracgntrifugation that this step was not
required). The mixture was checked on HPLC for absence of
retinol, then 0.1% sodium azide (NaN3) was added and aliquots

. were stored at -20°C. Figures 5-7° show serum before and after
charcoal, compared wifh vitamin-free sera from horse serum
(Bovine, Weilcome), from Victoria Infirmary, Glasgo;ﬁ from
Western Infirmary, Glasgo$ (dried plasma) and from serum éxposed
to UV light for one hour, respectively.

Results

Different types of charcoal were used (10-18 mesh)
activated for gas absorption (BDH). The best results obfained by
ué wére with activated charcoal powder (Norit 0l, Hopkins,
Williams). Different types of filter were used also, as suggested
by Schade_(i981), but ultracentrifugation Qas most effective at
remo?ing charcoal. Figurebs shows thét a vitamin-free serum was

prepared by this method.

* Joyce Robertson, Department of Biochemistry, Victoria Infirmary

Department of Biochemistry, Western Infirmary
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Peak identification:-
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1 — Retinol
2 - solvent peak
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2.1.2.3 Fluorescence Assay:

1) linearity and accuracy of method

A calibration curve was prepared using retinol adetate
in alcohol and was found to be linear (Figure‘ 8). A calibration
curve was also prepared for retinol acetate using vitamin-free
serum. It was also linear, except that there was a reduction
compared with retinol acétate standard ip alcohol. A retinol
standard at 10 pmol/i in vitamin free serum gavé a value of 3.6
pmol/l ‘against the retinol acetate standard in alcohol and a
~reading of 6.7 pmol/l against the retinol acetate standard in
"serum. This suggests that the standards have been more poorly
extracted from serum, and that retinol and retinol acetate may
be extragted to different extents.

2) Comparison of retinol with retinol acetate as

standard

Many workers have used retinol acetate as standard,
although the retinoid in serum is retinol. Figure 9 and Tabie 1
~shows the actual retinol concentration compared with the measured
concentration by fluoreséence against retinol acetate standard.

The téble and figure show that increasing concentrat ions
of retinol, lead to linear increases in-fluoreécence. However,
the calculated concentration of retinol is very low, relative to
its actual concentration. A retinol standard was therefofe
investigated.

3) Retinol standard curve (linearity)

A calibration curve was prepared using retinol in
alcohol as standard (Figure 10). It was found linear over a wide

range (0-10.5 pmol/l). This was compared with that of standard
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TABLE 1

MEASURING DIFFERENT RETINOL CONCENTRATIONS AGAINST RETINOL
ACETATE STANDARD -

Actual Concentration Fluorescence Calculated
of retinol std : (units) retinol conc™
(umol/1) (umol/1)
0.4 1 0.1
0.7 2 0.2
1.0 3 0.4
1.1 4 0.5
1.4 -5 0.6
1.8 6 0.7
2.1 7 0.8
3.2 11 1.3
3.5 11 1.3
4,2 15 1.8
5.3 17 2.0
10.5 30 3.6
Retinol acetate
(4.0) 1 50 _ -
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Figure 10: Fluorometric assay of retinol. A calibration
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retinol in vitamin;free serum. No difference in fluorescence was
obtained (Table 2). This contrasts with the reduction in
retinol acetate extraction from vitamin-free serum.

Previous studies have suggested that either hexane or
cyclohexane may be used for extraction (Kishi et al 1981). The
fluorescence of retinol standard extracted with these solvents
was studied (TéblekB).

It is clear that fluorescence is much greater when
hexane is used as solvent. Other retinol derivatives were
therefore studied in a similar way (Table 4). Retinol and
carotene are more éfficiently extracted by hexane, whereas
retinal appears to be eqhally'extracted by cycloﬁexane and
hexane. Retinoic acid does not’appear to fluoresce under these
conditions.

Discussion

These studies have indicated the iméortance of using
retinol as standard rather than the commonly used retinol
acetate. If we compared the fluorescence of the same concen-
tration of retinol in Tables 1 and 2, which were read against
retinol acetate standard and retinol standard respectively, it is
found that the retinol form of the vitamin gives a fluorimetric
response about 1.7 times that of the retinol acetate form. This
result aérees with that of Garry EE.E& (1970) who suggested the
use of retinol as fhe primary standard in the fluorimetrié
procedure, rather than the more stable acetate derivatives. Kishi
et al (1981) used hexane instead of cyclohexane for extracting
retinol from piasma, whereas retinol acetate was used as

standard. 1In this study we found that the fluorescence increased



TABLE 2

STANDARD CURVE OF RETINOL

Aétual Concentration
of retinol std
(umol/1)

Fluorescence
in alcohol
(scale units)

Fluorescence in
vitamin-free
serum (scale
units)
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10
12
17
19
21
27
50




TABLE 3

FLUORESCENCE . OF RETINOL IN CYCLOHEXANE AND HEXANE

Actual concentration
of retinol std

Fluorescence
in cyclohexane

Fluorescence
in Hexane

(umol/1) (scale units) (scale units)
0.4 1 4
1.0 3 10
2.1 7 20
4.2 15 40
10.5 30 110
50 50

Retinol acetate




TABLE - 4

COMPARISON OF RETINOL, RETIRAL, RETINOIC ACID, CAROTENE

FLUORESCENCE

Actual Concentration
(pmol/1)

Fluorescence :

in cyclohexane
(scale units)

Fluorescence -

in Hexane _
(scale units)

Retinol (10.5)
Retinal (10.5)
Retinoic acid (10.5)
Carotene (1.1)

Retinol acetate (4.2)

30

20

1

11

50

110

20

0

27

50




3Q

3 times with hexane extraction compared ﬁo cyclohexane. Hexane
therefore exﬁracts more retinol than cyclohexane. In addition,
the retinoic acid, retinal and carotene fluoresce less than
retinol. Therefore the concentration calculated is less than
that added. Frolik and Olson (1984) suggested that retinol and
its esters are the only naturally-occurring retinoids that
fluoresce under normal conditions.

In this study (Section 3.2.2) we found that triglyceride
may effect the fluorimetric method possibly as a quenching
factor. This may be due -to the large particie-size of tri—b
glyceride which scattered the beah causing qﬁepching. The
disadvantages of the fluorimetric method were therefore:-

1) the fluorimetric method did not give an accurate value
when retinol écetate was used as standard and
extraction was less efficient than‘retinol

2) quenching may occur with some compounds, eg triglyceride

and beta carotene and also with haemolysis.

3) a correction formula is used to allow for phytofluene
presence.
4) Basu et al (1982) reported that vitamin A, phytofluene

or both could be reduced in cahcer ahd-the effects could
be variable. The results in cancer patients should be
confirmed with valid methods of analysis eg HPLC.

5) Garry et al. (1970) suggested that phytofluene concen-

tration varied from 0-5 times that of vitamin A.
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Because of the disadvantages of the fluoriﬁetric method,
we developed an HPLC method. This should be more specific,
accurate and precise and could separate all retinol derivatives

on one system.

2.1.3) High performance liquid chromatography (HPLC)

2.1.3.1 Background

High performance liquid chromatography (HPLC) has been
used for the analysis of retinol and its derivatives. McCormick
et al (1978)‘reported a reverse-phase HPLC procedure and DeRuyter
and Deleenheer (1978) used ultraviolet detection at 330 nm with a
reverse~-phase packed column. The authors extracted retinol and
retinyl esters'accoréing to the Bligh and Dyer (1959) procedure.
The sensitivity of this method Qas 0.2 pmol/1 for retinol and 0.4
pmql/l, for retiny; esters. The authors did not discuss other
interferences although they suggested that this method could be
used for the assessment of vitamin A absorption and for the
determination of serum retinol (normal, subnormal and above
normal concentration).

Catignani and Bieri (1983) reported an assay for retinol
and alpha4tocophegol in serum or plasma by HPLC in which réverse,
phase uBondapak Cqg, 10 um column was used with 95:5 methanol:
water as mobile phase. The peak height of vitamins were measured
against an - internal standard to obtain the quantity of each.
According to DeLeénheer et al (1979) 95% of vitamin A in serum
is retinol. Esterified forms of vitamin A such as retinol
palmitate appear in the blood only after ingestion of a vitamin

A-containing meal and can be measured by the method of Catignani



32.

and Bieri (1983). Long retention times are involved and the
’hormal cohcenﬁrations of the esters was found to be below
detection in the post-absbrptive state. The authors did not
discdss using vitamin-free serum for calibration of the assay but
they achieved good recovery wﬁen they correlated  results with
Neeid and Pearson (1963) colourimetric methods using trifluoro-
acetic acid. (r = 0.8).

Palmskog (1980) reported an assay for determination of
two aromatic retinoic acidﬁanalqgues with anti-psoriatic activity
in which a reverse-phase .column was uséd. The sensitivit§ of
this method was 0.035 pmol/l1 and experimental error below 9%, in
a concentration range 0.1-1.6 pmol/l. He believed that a method
is needed for the separation of retinol and its derivatives,
particularly if the retinoid is used as an anti-cancer drug, to
see if there are any other metabolites present in serum. This
may also be helpful in analysing toxic effects.

Roberts et al (1978) reported an HPLC assay with
excellent recdveries and high‘resolution, using reverée-phase
with a solvent mixture of acetonitrile:water. The guoted
sensitivity was 1 nmol/g tissue for rétinyl esters and less than
0.3 nmol/g tissue for retinol, using dual-wavelength detection at
365 nm and 325 nm. They achieved a separation of most retinol
derivatives in tissue. The problem was the appearance of an
artifact peak caused by a refractive index change during the
change of mobile phase concentration from 80% to 98% (aceto-
nitrile: water). A further drawback of the HPLC procedure was
reported by Frolik. EE;Ei (1978) , who found that the column inlet

blocked after 40-50 sample injections.
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De Ruyter and De Leenheer (1976) reported an HPLC
straight-phase assay to determine retinol in serum using 10 pm
(15 cm x 0.2 ¢cm id) column with pétroleum ether:dichloromethane: -
isopropanol, (80:19.3:0;7) as mobile phasé. The quoted
sensitivity was 0.2 pmol/1l (50 pg/i) and linearity was demon;
strated up to 5.2 pmol/1 (1.5 mg/#). They achieved.a separation
7 of ;etinol from all other derivatives egcept retinoic acid,
which had k' = 5.2 while retinol k' = 5;0 (Section 2.1.3.2 fbr
'k' measurement) . They also’succeeded in producing vitamin—free
serum by irradiating an aliguot of serum sample with long wave UV
light (>320 mm) for 3 hours.

Although they produced vitamin-free serum the procedure
was standardised by using different values of retinol in alcohol
and the analytical recovery of retinol from serum was>determined
by adding known quantities of retinol to serum.

McCormick et al (1978)‘achieved a separation of the
mixture of four-synthetic vitamin compounds - retinoic acid,
retinol, retinal and retinol palmitate using reverse-phase pc1g—
Bondapak column (4 mm id x 30 cm)Aatv313 nm with 0.01 M sodium
acetate methanol: water (80:20) with 90—95%'recovery. The
procedure took 26 min. This method hés been difficult to
reproduce in our laboratory (Tabie 9).

Few of these assays incorporated an internal standard
‘and none of the authors have reported the investigation of
possible interference by other drugs. This is surprising in view

of the common use of drugs in most patients.
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HPLC methods used are shown in Table 5. The drawback
of each method can be seen in terms of variable or uncertain
recovery, failure to separate retinol metabolites and lack of
specificity data.

One of the aims of this study was therefofe to develop
and validate a sensitive, accurate, precise method fér retinol
and its derivatives in biological materials.

2.1.3.2 Development of HPLC method for retinol and its

derivatives

Materials and Equipmeht

Materials

Retinol, retinal, retinoic acid, retinol palmitate,
carotene and also retinol acetate, were obtained from Sigma
Chemical Company (Dorset, England). Hexane, HPLC grade was
obtained from Rathburn Chemicals (Walkerburn, Peebleshire,
Scotland). Tetrahydrofuran stabilizer with 0.1% qginole, BHA
(butylhydroxide anisole) were obtained from Sigma. Methanol and
all other reagents were obtained from British Drug Houses (Poble,
Dorset, England).

Evaluation of Performance

Definitions: " K': the capacity factor or distribution ratio is a
function based on retention times, a measure of the capacity of

the column to retain a given sample.

k' = tp-tg = t'y
t'O tO

retention time of the unretained peak(solvent peak)

cr
o
I

o+
[a)
L]

retention time of the given peak

o+
s
"

the adjusted retention time

&
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Rg = the resolution of two chromatographic peaks is a measure of

their separation.

Rg = 2 to-tq

Wi+Wo
t1 and ty, are the retention distances of peaks 1 and 2
respectively. Wy and Wy are the peak base widths (in same units
~as tq and tjy) for peaks 1 and 2 respectively (Pryde and Gilbert,
1979).

Choice of retinol acetate as internal standard (IS)

Relevant factors in the choice of retinol acetate as
internal standard are that it has a similar structure to the
analyte;'it is stable; it has an acceptable k' vélue (Table 12);
it is easily extracted; from aqueous solution; it is available
commercially; and it is resolved from retinol and its derivatives
on the HPLC column (Figure 11). The main advantages of using an

IS are that it eliminates errors from pipetting during the
evaporation of solvent and the variation in extraction.

Apparatus

Four HPLC systems were used:-

1) Varian HPLC system (Varian Associates, Walton, Thames,

England)

2) , A Pye-Unicam HPLC system (Cambridge, England) consisting
of an LC-XPS single piston reciprodégikg pump, Alc-UV
variable wavelength detector and a PM 8521 single pen
recorder. |
3 A Gilson HPLC system (Middleton, USA) consisting of a
Gilson 302/5S8 piston pump, Holochrome, HM/HPLC and

Rikadenki single pen recorder.
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4) Cecil instrument Cgp 212 refereﬁce variable wavelength

RES54, servoscribe 15 recorder and Magnus pump. |

The stainless steel column (4 mm ID x 25 cm) was
obtained from Shandon Southern (Runcorn, England) slurry packed
with 5 p ODS Hypersil-(ShandonvSouthernf using a Shandon slurry
packer ahd fitted wéth a valve adaptér (Shandon Southern). Also a
3 p ODS column with same description was used.

Another stainless steel column. (4 mm ID x 25 cm) was
obtained from Shandon Southern (Runcorn, England), slurry packed
with 5 p silica (Hypersil C002 3H) Shandon Southern. The
injéction»value was fitted with a 20 pl loop.

Methods

Reverse phase HPLC studies

A reverse-phase material (ODS Hypersil) was used to
attempt to separate retindl from retinal, retinoic acid; retinol
palmitate, and retinol acetate as IS. The liquid chrdmatographic
method was developed-as follows: -

a) Polarity investigation

Methanol:4water were first uséd as a mobile phase, to
elute the retinol and‘its aerivatives. Increase in polarity was
effected by increasing water relative to the methanol. The
changes in k' of’retinol and its derivatives were studied
(Table 6). This study failed to separate retinol from its
derivatives, particularly retinal.

b) PH control

The above aqueous solutions were adjusted to pH 5.2

using 0.05 M phosphoric acid, bﬁt failed to change k' for retinol

and its derivatives.



TABLE 6

COMPARISON OF k', WITH SOLVENTS CONTAINING DIFFERENT PROPORTIONS

- OF MEOH:WATER

k' | Retinol | Retinoic Acid | Retinal | Retinol palmitate

Solvent ’ .
95:5 2.0 1.0 2.0 & *

: 3.5 ’

+

92:8 1.75 1.6 1.58 *
90:10 3.0 1.0 3.5 %
85:15 8.0 9.5 8.3 *
80:20 16.8 10.5 16.5 44.0
75:25 29.8 11.5 29.5 *

+ .
Cecil Instrument used

* Retinol palmitate (Nil) no peak
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c) Ion-pair

1-octane sulphonic acid was used as ion-pair at a
concentration of 27 mg/l in methanolﬁ‘water( also 0.01% tetra-n-
butyiamine, 0.01% DL—N—oétdylamine, while 0.1% hexane sulphonic
acid, 0.01% tetraethylamino bromide (TEABr), 0.01% Do-decyltri4
methylaminobromide (DDTMABr) were used with 0.05 ﬁ phosphoric
acid (Table 7).

d) Column particle size

3 p particle size ODS column with same conditions of
methanol: water containing 0.05 M phosphoric‘acid + 0.01% (TEA
Br) or 0.01%7(DDIMABr) and methanol: watér containing 0.01 M
sodium acetate were also studied ( Table 8) |

e) Method of McCormick et al (1978)

We attempted the separation method as described on Page
33 and results are shown in Table 9.

By using different column size particles, pH and
different ion-pair 'as well as the method of McCormick et al
(1978) | we failed to obtain a different k' for retinol and
retiﬁal. Although retentién time isvcﬁanged, there is still an
overlap between the other derivativés and retinol.
£) The mixture of mefhanbl: water (85:15) combinatién was
further investigated by adding differenﬁ ion-pairs to this eluant
and k' was studied (Table 10). No imprbvement in separation

was found.



TABLE 7

- COMPARISON OF K', BETWEEN SOLVENTS CONTAINING DIFFERENT PROPORTIONS
OF METHANOL:WATER WITH ION-PAIR AGENTS USING 5 pym ODS COLUMN

K' | Retinol | Retinoic Retinal | Retinol
Methanol: ' Acid : : Acetate
water, ‘
95:5 1.0 1.0 1.1 1.5
(1.0) (1.0 (1.0) (1.3)
90:10 2.3 2.3 125  |3.7
: »(2.0) (2.0) 2.1 (3.2)
85:15 4.0 4.1 4.2 7.2
(4.1) (3.7) (4.2) (7.4)
80:20 9.3 10.1 » 9.9 20
(9.1) (7.3) (9.3) (18.5)
75:25 19 21.2 19.8 took more
(19 (11.0) ~ (19.3) than 1 hour
70:30 70 high high
' pressure pressure

Solvent A Methanol: water containing 0.05 M phosphoric acid + 0.01% TEA Br
( ) results obtained with solvént B Methanol:water containing 0.05 M
phosphoric acid + 0.01% DDTMA Br.



TABLE 8

COMPARISON OF K', BETWEEN SOLVENTS CONTAINING DIFFERENT PROPORTIONS
OF METHANOL:WATER WITH ION-PAIR AGENTS USING 3 um ODS COLUMN

A Retinol | Retinoic Retinal | Retinol
Solvent A acid ‘ . acetate
or B ‘
95:5 1.6 1.9 2.0 30.
(1.5) (0.8) (1.5) (3.5)
90:10° 3.8 4.5 4.4 8.3
3.7) (1.2) (3.8) (7.5)
85:15 9.8 11.0 9.9 took time
(9.0) (4.1) (9.0)
80:20 21.1 26.2 21.2
(15.0) (11.6) (14.7)
75:25 lhigh prédssurs

Solvents were as in Table 7 .



TABLE 9

COMPARISON OF K', USING THE SAME CONDITIONS AS
McCormick et al 1978 ‘ '

Solvent Retinol Retinoic Acid .Retinal
80:20 22.0 5.0 21.0
90: 10 3.9 - 3.9

Solvent: 0.1 M sodium acetate methanol:water




TABLE 10

COMPARISON OF K' WITH METHANOL:WATER PROPORTION (85:15)
AND DIFFERENT ION PAIR AGENTS.

Soivents A B c D
Compound (x") A(K') x') (Y
‘Retinol 3.8 3.4 3.0 3.2
Retinoic Acid = | 4.1 3.0 1.9 0.2
 Retinal 139 3.2 3.0 3.2
Retinol acetate 7.1 5.§ 5.4 .5.8
Retinol palmitate | After 1 hour and half (mil)

. Solvent A: Methanol:water (85:15) containing
' 27 mg/1l 1-octane sulphonic acid

Solvent B: Methanol:water. (85:15) containing
0.017 tetra-N-butylamine

Solvent C: 'Methanol:water (85:15) containing
- 0.017 Dodecyltrimethylamine

Solvnet D Methanol:water (85:15) containing
0.01%Z D-1-N-octdylamine
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Straight Phase chromatography

a) TLC: Thin layer chromatography

Thin layer chromatography provideé a rapid method of
studying mobile phase in a straight-phase system. Dc-plastik-
folien (Kieselgel 60 Fpg5y4) (E. Merck, Dermstadt) was used. 20
pl samples were applied about 0.8 cm from the:lower edge of tﬁe
plate. The plates were developed in a égrkened rectangular
chamber in 250 ml of solvent by ascending chromatography at room
temperature for.about 30 min. Immediately upon removal from the
chamber,’the compounds were.detected by exposure to a UV lamp at
254 nm. The Ry of retinol and its derivatives were studied with
different solvents (Table 11).

Definition

The Rg value is the ratio of the distance travelled By
the solute to the distance travelled by the solvent front:

‘Rf = distance of-solute

distance of solvent ‘ A
The k' value in HPLC is related to the Rg¢ value in TLC

by:-

k' = 1/Rp - 1

or

]

Re 1/1+k?
The k' value measures the ratio of the time spent'by the
solute in the stationary phase to the time spent in the mobile

phase (Pryde and Gilbert, 1979). K' can be calculated from Rgp

(Table 11)



TABLE 11

COMPARISON OF Rg and K' ( ) — WITH DIFFERENT SOLVENTS PROPORTIONS
BETWEEN RETINOL AND ITS DERIVATIVES ' '

Retinoic

Retinol

Af(K') Retinol Retinal
Solvent Acid Acetate
Diethyl ether 0.97(0.03) 1.0(0.0) 1.0(0.0) 1.0(0.0)
Dichloromethane 0.34(2.9) 0.07(13.3)  0.45(1.2) 0.97(0.03)
Chloroform 0.51(0.96)  0.29(2.45) 0.94(0.06) 1.0(0.0)
Acetic Acid™ 0.84(0.19) 0.87(0.15) 0.88(0.14) 0.84(0.19)
Dichloromethane:ethanol:
ammonia 90:10:0.1 - 0.87(0.15) 0.46(1.17) -0.98(0.02) -
75:10:0.1 0.97(0.03) 0.02(50.0) 1.0(0.0) 1.0(0.0)
© 75:1:0.1 0.43(1.3) 0.00(0.0) 0.75(0.33)  0.94(0.06)
Dichloromethane:ethanoB  . .
formic acid 90:10:01 0.91(0.1) 0.93(0.08) with solvent frormt
75:10:0. 1 0.99(0.01)  0.96(0.04) « with solvent front
75:1:0.1 0.48(1.08)  0.33(2.03) 0.8(0.25)  0.99(0.0)
10% methanol in : :
benzene 0.57(0.75) 0.5(2.0) 0.92(0.09) 1.0(0.0)
Benzene* 0.21(3.76) 0.06(15.67) 0.36(1.78) 0.68(0.47)
Chloroform* 0.54(0.85) 0.26(2.85) 0.88(0.14) 0.98(0.02)
80:20 cyclohexane: :
ether 0.21(3.76) 0.23(3.35) 0.57(0.75) 0.78(0.28)
17 tetrahydrofuran: , '
hexane -0.08(11.5) 0.04(24) 0.15(5.67) 0.28(2.57)
10%Z ethanol in
petroleum ether 0.38(1.6) 0.42(1.4) 0.52(0.9)  0.71(0.4)

* gilica gel plates used.
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b) HPLC on silica column

A straight-phase (Silica column) was used to sepafate
retinol and its derivatives. Those solvents which gave different
Rp and k' (calculated as on Page 38) between retinol and its
derivatives on TLC were investigatedkusing HPLC.

Most of the solvents which wete promising from TLC
studies proved unsatisfactory when used in an HPLC system.
Howevér, we approached an écceptable k' value and resolution
value (Rs) between retinol, retinal, retinoié acid and retinol
acetate by using straight Phase HPLC and Hexane: tetrahydrofuran:
formic acid (93:7:0.1)vproportion (Table 12).vThe resolution
between retinal and retinoic acid had a satisfactory Rs = 1.6,
whereas Rs = 0.87 was found beﬁween these compounds using Hexane:
ether: formic acid (93:7:0.1). Reéolution with Rs <1 is usuélly
not successful due to overlap of peaks.

Optimised HPLC method for measurement of retinol and its

derivatives

The mobile phase consisted of Hexane:tetrahydrofuran:-
formic acid (93:7;0.1), at ambient températﬁre, with a flow rate
1 ml/min, wavelength 325 nm, chart speedFO.S cm/min, scale
expansion (absorbance settings AUfS) varied depending upon the
samples injected. An example of the separation of standards is
shown ianigure 11;

Extraction procedure - modification of Schade (1981) method

0-100 pl of an aqueous solution which contained a
standard amount of retinol or its derivatives was transferred to
C14/C15 QQ tubes at 37°C and evaporated under oxygen-free

nitrogen. 200 ul of vitamin-free serum was added and equili-



TABLE 12

STRAIGHT

2.1

COMPARISON OF K', .BETWEEN RETINOL AND ITS DERIVATIVES ON
PHASE (HPLC), USING DIFFERENT SOLVENTS
K' Retinol | Retinoic Acid Retinal Retinol

Solvent Acetate
Dichloromethane:etpanolz

formic acid

75:1:0.1 0.7 1.2 1.6 1.3
Dichloromethane 1.7 1.9 1.9 0.13
Chloroform 0.0 0.0 0.05 0.05
‘Dichloromethane:ethanol:

ammonia 75:1:0.1 0.1 0.0 0.1 0.2
107 ethanol in petroleum
- ether 0.23 0.41 0.11 0.06%*

2:98 ether:petroleum ether® | 10.8 10.6 5.8 1.2
Petroleum ether:dichloro-

methane: isopropanol

80:19.3:0.7 : 0.14 0.24 0.24 0.26
10%Z dichloromethane .0.38 0.32 0.32 0.0
1% tetrahydrofuran. thexane 0.05 0.14 0.19 0.09
Hexane:tetrahydrofuraﬁ :

formic acid 93:7:0.1 4.0 0.9 0.7 0.2
Hexane:ether:formic acid

93:7:0.1 4.6 1.9 0.7

* appears with solvent peak
not good peak shape
+ 80-100°C peteroleum ether
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brated for 10 minutes. The mixture was vortexed and 200 ul of an
agueous solution of IS was adaed. The mixture was extracted with
1.0 ml hexane by vortexing for 5 minutes, and then cenﬁrifuged.
Cyclohexane and diethyl ether were also studied. 0.5 ml.of
supernatant was transferred and the remainder wés fe-extrécted
with a further 1.0 ml hex%ne. The combihed extracts were
evaporated under oxygen-free nit;ogen. The ;gsidue was dissolved
in 100 ul hexane, eluent or cyclohexane. Table13 shows the %
relative recovery of retinoic aéid, retinal and retinol. The
sensitivity was equivalent to 1.2 ng (0.2 pmol/l) for retinol,
retinal and 6.0 ng (1.0 pﬁol/l) on column for retinoic acid.

These results are not satisfactory for recovery of
retinol and its derivatives. The results for hexane/hexane agree
with those of Schade,( 1981), who achieved a reasonable
recovery only of retinol and retinol acetate, with an ODS column
and methanol‘as solvent.

Extraction method used in Western Infirmary, Glasgow

0-100 pl of an aqueous solution'containing a standard
amount of retinol or its‘deriQatives was mixed well in a C14/C15
Q0 tube with 0.5 ml vitamin-free serum and 100 pl of an aqueous
solution of IS. The mi#ture was equilibrated for 10 minutes. 2
ml methanol was added, mixéd; equilibrated for another 10 minutes
and 2 ml distilled water was then added. 3 ml diethyl ether was
added, and tubes were shaken for 15 minutes and centrifuged at
2500 rpm for 10 minutes. The ether layer was transferred to a
fresh tube and the aqueous phase was re-extracted with another 3
ml diethyl ether. The ether laycrs were combined and evaporéted

to dryness at 40°C under a stream of nitrogen. Dried extracts



TABLE 13

"Relative % recovery of retinoic acid, retinal and retinol from serum
following extraction and solubilisation by different organic solvents.

Z Recovery

Solvents fof' Solvent used Retinoie  Retinal Retinol
extraction to dissolve residue Acid '
Cyclohexane Cyclohexane 10 20 15
Hexane Hexane 30 -40 80
Diethylether Hexane . 30 40 20
Hexane - Eluent 27 15 -
Hexane Cyclohexane 30 7 -
Cyclohexane Hexane 34 15 15
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were dissolved in hekane, Eluent was used also instéad of
methanol, which is immiscible with the mobile phase. Vitamin-
free serum from the Western Infirmary was compared with freshly
prepared vitamin free serum from Glasgow Royal Infirmary. (Tables
14 and 15).

Better reéults were obtained Qith the vitamin-free serum
prepared in Glasgow Royal Infirmary because #he serum used by the
Western Infirmary gave a peak of retinol with our method. They
used reconstituted drieavplasma in preparing vitamin-free serum.
 These regdveries are however still unsatisfactory.

Extraction method of Ito, et al (1974)

The method had 4 steps. The plasma was lyophilized:énd
extracted twice with chloroform:methanol (1:1) containing 50 pg
of BHA/ml. Then the precipitate was re-extracted twice with
methanol containing 50 pg of BHA/ml. The supernatanﬁs were
combined, evaporated, and the residue was dissolved, and injected
énto the column.

The ;esults seem satisfactory with lyophilizatidn and
full extraction for both % relatfve~recovery and absolute:
recovery ( ) for retinol, retinoic acid and retinol acetate if
compared to Ito é&_gl_(1974) (Table 16). Thé procédure Qas too
long so a modification was done by é reduced ext:action>to one
step chloroform: ﬁethanol (1:1) and with ﬁo lyophilization (Table
17) . |

The results show a good satisfactory % relative and
absolute recévery for retinol, retinoic acid and retinol acetate,
while poor rebovéry for retinal. bHowever, a satisfactory

separation of all derivatives was achieved. Although the



TABLE 14

Comparison of absolute and relative 7 recovery of retinoic acid
retinal and retinol between Western and Royal Infirmary methods
(Glasgow)

Compounds Western Infirmary Royal Infirmary serum
Serum
Z absolute recovery - % Absolute 7 Relative
Recovery Recovery
Retinoic acid 1007 | ©100% - 907
Retinal 277 237 58%

Retinol 507 78% 657%




TABLE 15

Relative 7 recovery of retinoic acid, retinal and retinol following
solubilisation by different organic solvents.

Compounds % Relative recovery °

Hexane Eluant

Retinoic acid 95 7
Retinal .58 29

Retinel 53 -
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recovery of retinal was low, it is still adequate to detect and
quantitate retinal in serum. Accurate quantitation of retinal
would require improved recovery.

No difference was found in retention time, k"or
recovery if air is used instead of nitrogen to dry the residue
(Figure 12).

Solubilizing solvent selection

Different solvents were used to dissolvelresidues of
retinol and its derivatives after extraction. The k' was
measured (fable 18) . .

iTherefdre~cyc16hexéne, dichloromethane,.and chloroform
could all be'used, but we chose the mobile phase as the solvent
to diésolve residue because it gave good Rg between retinal and
retinoic acid, Rg = 1.6. Other agents failed due to intefferenée
with solvent peak, or internal standard. The immiscibility of
séme give an artifact peak or produced high pressure.

Preparation of standard curve for HPIC analysis of retinol and

its derivatives

'0-150 pl of retinol and its derivatives were dried in
C14/C15 QQ tubes with nitrogen. 200 pl bf vitamin-free serum was
added and equilibrated for 10 minutes. 50 pl of internal
standard was added, mixed, then 1 ml of chlorofdrm; methanol
(1:1) containing 50 ug butylhydroxieanisolewas added, shaken for
15 minutes and centrifuged. = The. upper layet was transferred to
empty tubes and dried with air. The residue was dissol§ed in 100
pl of mobile phase used for HPLC, vortexed foﬁ 15 seconds andk20

pl injected manually on the column.
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Linearity and sensitivity

The linearity was determined as a Function of on column
sample weight. 20 pl aliquots of aqueous solution of retinol
over a concentration range of 0-4.5 mg/l,(0—15.7 pmol/lf
equivalent to 0-90 ng on column weight were studied.

» The assay for retinol was linear over the range 0-90 ng
on column sample weight for extraction from serum with intérnal
standard or for directly injected aqueous standard equivalent to
0-4.5 mg/1 (0-15.7 pmol/1l).

Similarly for retinoic acid linearity oter a range of
0-60 ng/ml equivalent to 0-3 mg/l1 (0-10.5 pmol/l) was found.

The lowest detectable serum concentrations (defined as a
signal to noise ratio of 2) was 60 pg/l (0.2 pmol/l) for retinol
and 56 pg/l (0.17 pmol/l) for retinoic acid. The sensitiVity was
equivalent to 1.2 ng retinol and 1.0 ng on column for retinoic
acid. |
Recovery

Solutions of retinol and retinoic acid in serum covering
the range of 0-3 mg/l (0-10.5 pmol/l) were analysed. The
difference in detection response between the extracted and
directly injected aqueous standard represented tne absqlute
percentage recovery (Table 19). Sera of known vitaminAA
concentrations (prepared from vitamin-free serum) to which
internal standard had been added were asséyed and the results

compared with calibrations to represent relative recovery.



TABLE 19

Absolute %-recovery of retinol, retinoic acid
and retinal from serum (n = 20)

Compound 7 Absolute Recovery

X £SD ZCV
Retinol 91.5 2.3 2.6
Retinoic Acid 88 2.8 3.3

Retinal , .36 3.6 10.0
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The relative recovery of retinoic acid was 93 + 5.7%,
retinol was 95.3 + 3.7% and retinal 25.7 + 3.7%. Recovery of
retinol and retindic acid was satisfactory, and although that of
retinal was poorer, it was considered adequate for further
studies.

Precision

The precision was assessed by determining retinol and
retinoic acid in 10 serum extracts at each of 3 different
concentrations. Within-batch as well as between-batch stﬁdies
were performed (Table 20). -

Precision was considered satisfactory over the concen-
tration range for retinol and retinbic acid, for the-within-and
between-batch samples., &1l except retinoic’acid fell below 6%
cv.

Accuracy and specificity

The possibility of interference by a numbervéf drugs
especially thosé taken by patients during treatment was checked
by the addition of agueous splution of drugs. to vitamin-free
serum. The drugs studied were Zinacef,'Temézepam, ﬁitrazepaﬁ,
Tagamet, Amoxil, Flagyl, Genticin , Kefzol, Ampicillin, Nebcin,
Ceporin, Kannasyn, Penicillin} Cefotaxime *HimKefzdl>r Librium,
' Chlorazapate  , Ceporex, Oxazepam,'Amikin,éidﬁazaﬁéﬁ, Médazepam,
Diazepam, Gentamicin, (vialé and powder). 20 pl samples were
then analysed on the HPLC column fo; peaks coinciding with the
retention time of retinol and its analogues.

Some of those drugs showed peaks eluting late in the
analyses. None of those drugs examined interfered with the assay

of retinol and its derivatives.
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2.1.4 Comparison of HPLC and fluorometric methods for retinol

aﬁalyses

Sera from 70 healthy fasting adults were.analysed by
fluorometric‘as well as'HPLC methods and the correlation was
plotted (Figures 13 and 14). |

A poor correlation of (r = 0.7) was found, 9hich agrees
with the rgsults of De Ruyter and De Leenher, (1976) . In
general, it was found that the HPLC method gave higher results
than fluorimetry.

Discussion : .

Considerable difficulty was found in developing é method
of separating ;etinol, retinal and retinoic acid in serum, whilst
using retinol acetate as internal standard (IS).

The HPLC described is highly sensitive and linear over a
wide range. Other workers (Table 5) found that their HPLC
procedure was less sensitive and linear over only 30%’of our
procedure apd there was poor calibration for their method because
vitamin-free serum was not used. Although De Ruyfer and
DeLeenher (1976) sucéeeded in separating retinbl and its
derivatives, they failed Withrretinoic acid, which had a f = 5.2
and might iﬁterfere with retinol (k' = 5.0).

The fluorimetric method is less sensitivé and linear
over only 20% of the range covered by the HPLC procedure, whereas
‘the accuracy and sensitivity of the HPLC assay makesthe use of
the tecﬁnique preferable to the fiuorimetric method.

The fluqrimetric procedure may be preferred wherebrapid
results are required. vHowever, for pharmacokinetic studies it is

necessary to measure the unchanged drug and its major metabolites
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in seruﬁ. The HPLC method generally gave higher results than the
fluorimetric. This is surprising in view of the 1lack of
specificity of the fluorimetric method, since other compounds
vwere also detected. The possible reasons for this were: firstly,
guenching may have occurred due to haemolysis or other substances

in serum, which interferes with the fluorimetric method. For
example, a control sample [(Clinical Che@istry OC (adjusted
Bovine serum )] Rdien Fraction Centre was measured by both HPLC
and fluorometric method | F=0.9 + 0.2 pmol/1 and HPLC = 2.3 +
‘0.1 pmol/1l. There ére peaks other than retin§1 (Figure 15) by
HPLC, which may have led to quenching in the fluorometric méthod.

Secondly,‘in the fluorometric method, if retinol is used
instead of‘retinol acetate as standard, bétter results are
obtéined (Section 2.1.2.3 ) due to more éffective extraction of
retinol than retinol a&etate.

Thirdly, retinol and its esters are the only retinoids‘
thét fluoresce appreciably under normal conditions. Anhydro-
retinol, retinoic acid and retinaldéhyde do not fluoresce in
conventional éssay procedures but may do so at very low
temperatures or under special conditions (Frolik and Olson i984).
So the fluorometrié method measures retinol only and ester forms
present and not total retinoids as was thought before. 1In
experiments carriedougr on Qnutritién" patients'(Sectibn 3.2.3)
fetinol palmitate measured by HPLC gave higher results than
fluorometry which measures total retinol and ester form. There
may therefore be a saturation concentration for the fluoro-
metric method at which an increase in concentration may not lead

to an increase in fluorescence.
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Figure 15: HPLC chromatograph of bovine
serum control. Peak identities are:-—

1 - carotene

2 - retinol acetate (IS)
3 - unidentified peak

4 - retinol
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Kahan, (1966) found a linearArglationship bet&een
fluorescence and concentration within the range of 0.2 - 300
pmol/1l. The deviation at levels higher than 300 pmol/l is due to
concentration quenching. |

_Phytofluene occurs in common fruits and vegetables and
the levels in blood vary considerably, reflecting>the consumption
of foods such as tomatoes, The errdr introduced into the
determination of vitamin A varies erratically from 20 to‘200% and
the mean elevation has been reported to be 30 pg/100 ml.

(Thompson et al 1973). Because of this a correction formula was

~used in earlier methods.

Experience in this laboratory indicates that in order to
produce accepgable within and befweén-batch precision, all
extraction procedures should employ an internal standard.

Many workers referred to before did not use an internal
standard. The retinol acetate used in this study as IS exhibited
similar chemicai behaviour to retinol and was not found in any'
sera analysed. No previous wérkers mentioned the occurrence of
this derivative in serum. If can be resolved from retinol and
other metabolites on the HPLC column with no interference and is
aiso commercially available.

The method presénted here gives a simple reliable
extraction proéedure for the rapid determination of retinol and
retinoic acid in serum. It also separates carotege‘and retinal
from tﬁese substances but witﬁ poor‘recovery for retinal. This
method could therefore be used to determine if retinal is

present but if so a further quantitative method would be
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necessary. So far as is known, the method developed during this
present study is unique in separating retinol and its derivatives

in one chromatogram.

2,1.5 Development of an HPLC method for retinol palmitate

Previous workers usea different methods to estimate
retinol palmitate, and in this present work we used two methods,
either direct HPLC analysis or saéoniflcatioh followed by
analysis of total retinol.

Allwood (1982) used HéLC with 10 pODS column and
ultraviolet (UV) detector at 325 nm. He sudceeded in analysing
retinol palmitate from TPN solution over a concentration range of
0.75-3 pg/ml.

Kishi. et al (1981) used HPLC to determine the stability
of retinol palmitate in TPN solution, using Hitachi Gel 3011 (4
mm x 250 mm) column with UV detector at 254 nm.

Déhl (1982) used a reversed phase column (5 pODS) with
kdetection at 254 nm, He succeeded in determining retinol
palmitate in adults as well a§ infants receiving vitlipidR (Kabi‘
Vitruml.

Finally, Hartline and Zaéhman (1976) analysed retiﬁol
palmitate by a modification ﬁo the Neeld-Pearson technigue (1963)
using trifluoroacetic acid reaéent with hexane extraction in
place of petroleum ethei.

Most of these methods succeeded in analysing retinol
palmitate. They did not however mention interference of the
other vitamin A derivatives, due to the fact that if these
infusions are exposed to light, decomposition of retinol

palmitate occurs.  Allwood, (1982) mentioned the effect of trace
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elements as well as amino acids on vitamin A in TPN solutions.
Fof analysis of retinol palmitate a minor change in the polarity
of mobile—pﬂase is needed to the HPLC'method we used to analyse
serum retinol and other derivatives. We could:thereforebuse only
one system with a"switch in polarity for analysis of all retinol
metabolites.i

Direct HPLC analysis of retinol palmitate

Materials and Apparatus

IntralipidR (Rabivitrum, Stockholm, Sweden); ‘500'm1
20% fat emulsion for dintravenous use containing 100 g
fractionated soya bean 0il, 6 g fractionated egg phospholipids,
11.25 g glycerol and water for‘injéction tovsdo'ml (osmolality
350 mosmol/kg water) ; VitlipidR (Kabi vitrum), 'adult' 10 ml was
added aseptically.k It is a sterile emulsion in the oil phase 6f
an emulsion the same composition as Intralipid; 1 ml of it
contains retinol palmitate (75 pg) . vitamin D (0.3 pg) and
vitamin kl(fS pg). Potassium hydroxide, sodium sulphate,
anhydrous sodium sulphite, isopropanol (BDH Chemicals‘Ltd, Poole,
' England) and other materials as in Section (2.1.3.2).
Apparatus

As described in the previous sectioﬁ for serum retinol
invéstigatién,
Methods

‘Polarity Investigation

Hexane:tetrahydrofuran:formic acid (93:7:0.1) was first
used, and the polarity was changed by altering the ratio of

hexane to tetrahydrofurane. K' of the metabolites were studied.
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In general, retinol palmitate eluted with the solvent
peak. The retention time of retinol palmitate was not altered at
most polarities (Fig 16). Only with a ratio of Hexane:tetra-
hydrofuran :formic acid (99:1:0.1) was a successful separation of

retinol derivatives obtained (Fig 17 Table 21).

'Optimised Methods'for Direct HPLC analysis of retinol palmitate

| The mobile phase consisted of Hexane:tetrahydrofuran :-—
formic acid (99:1:0.1). The operating conditiohs were;
temperature ambient. Flow rate 1 ml/min, wavelength 325 nm,
chart speed 0.5 cm/min. Absorbance setting varied depending upon
the samples injected.

Saponification of retinol esters

Modification of van de Weerdhof et al (1973)

Nutritional emulsion (Intralipid) as well as standard
amounfs of retinol palmitate and retinol individually were added
(0-6 ml) to a 250 ml round botfomed flask with 56 ml 0.5 N
potassiuﬁ hydroxide in ethanol and 1 ml of 10% sodium sulphite
(NayS03) solution. Aftef;refluxing for 30 min, the mixture was
cooled in ice, 100 ml Hexane was added and the mixture Qas
transferred into a separating funnel'édntaining 50 ml of 1N
potassium hydroxide solﬁtion and shaken for 10'sec.‘ After
separation the waﬁer layer was rejected. The hexane layer was
waéhed Qith 50 ml 1IN potassium hydroxide solution and

subsequently three times with 50 ml of distilled water, and then
dried with sodium sulphate (Na2504). It was then filtered, and

20 pl of filtrate was injected on to the HPLC column.
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Modification of saponification procedure

Because all retinol palmitate was not hydrolysed using

the above method (Figure 18)

1)

2

3)

Recovery

Increasing the saponification times up to 2 hour, and
duration of shaking to 1 hour respectively was per-
formed. The concentrafion of potassium hydroxide (KOH)
was increased from 0.5 N to 5 N KOH, but these changes
did not improve efficiency of hydrolysis.

Standard retinol palmitate stock solution was prepared
in methanol as well as water.

éince retinol was eluted very late with retinol
palmitate HPLC méthod, Hexane:tetrahydrofuran:formic
acid (93:7:0.1) proportion wés useq for retinol analysis
following saponification.

and Linearity

Either retinol palmitate or retinol was added to

Intralipid 20% emulsion covering the rangé of 0-2.5 mg/1l (4.8 x

10-6nm) .

The mixture was saponified and analysed for retinol.

Results were compared with direct injection of retinol standard.

Results

represent the.percentagé absolute recovery. The

theoretical calculation of conversion of retinol palmitate to

retinol is:-

Retinol palmitate ~——— Retinol + palmitic acid

1 mmol

—_— 1 mmol

524.5 (MW) ———> 286.5 (MW)

Therefore 100 pg retinol palmitate produces 55 pg

retinol after saponification.
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Linearity was determined as a function of on-column
sample weight‘ by chromatographing 20 pl aliquots 6f the |
saponified solution of retinol palmitate over a concentration_
0-2.5 mg/1 (0-4.8 x 10’6M)'equivalent to 0-50 ng on-column
weight.

Percentage absolute recoveries of retinol palmitate from
standard solutions éfter saponification were 101% in methanol,
and 64% in water (Table 22).

Thus, this method is satisfactory for standards and also
for liver analysis (Section-2.1.6v ), but ié not suitable for
- analysis of fat emulsions.

2.1.5.1 Extraction of retinol palmitate from serum

The method optimised in Section 2.1.3.2 for extracting
retinol from serum was used here to measure recovery of retinol
palmitate after extraction fromvserum and nutritional solutions.
At the same time linearity and precision were studied, as well as
sensitivity.

" The chloroform:methanol ext;action failed to extract
retinol palmitaté fully from'ngtrition solution (Figure 19) due
to the presence of large amounts of lipid and two layers formed.

However, the percentage ébsdlute recovery was measured for
standard retinol palmitate from serum extraction and was compared
with direct injection on the same amount of‘retinol palmitaté in
Hexane:tetrahydrofuran:formic‘acid (99:1:0.1). The absolute
recovery was 92+1.5% (X % 1SD)band linear over a range 0-0.4
pg/column (0-38 pmol/1). Sensitivity, as the lowest detectable
conceﬁtration was 0.1 pmol/l. Precision for three different

concentrationsis shown in Table . 23.
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Peak identities are:- ’
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TABLE 23

Precision-+studies on retinol palmitate
analysis in serum (n = 10)

Mass Units Molar Units % CV
-7
200 pg/l 4.9%10 5.0
6 :
600 pg/l 1.1x10 ‘ 3.7
. -6
1.8 mg/1 3.4x10 © 1.5
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2.5.1.2) Measurement of retinol palmitate in fat emulsion (Dahl

1982)

The amount of retinol palmitate ih'Intralipid emulsion

was determined by HPLC, by dissolving the sample in isopropanol

and injecting directly on the column.

1)

2)

3)

4)

5)

An accurate amount of retinol palmitate standard was
weighed (20 mg) and diluted with isopropanol solution to
100 ml (solution 1).

1 ml was pipetted from solution 1 and diluted to 100 ml

‘with isopropanol as a working standard (solution 2).

A standard curve for three solutions was prepared using
5, 10 or 15 ﬁl from solution 2 diluted to 50 ml with
isopropanol. This was directly injected on the column.
A standard curve for extraction from fat emulsion was
prepared by pipetting 1 ml from solution (1), plus 10 g
of Intralipid 20% emuision (with no Vitlipid) which
was diluted to 100 ml with isopropanol. From this
solution three different standards were prepared as in
No. (3), diluted with isopropahol.~(Test injectiqn I).
Three different standards were prepared and diluted with
25,09 Intralipid 20%, Ailuted to 250 ml with
Isopropanol) instead of isopropanol. A furthef 1:2
dilution was also made.
Analysis éf test emqlsion was carried out by measuring
1 g of the emulsion diluted to 10 ml with isopropanol.

To assess recovery standard was added to the unknown
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emulsion. (3). The absolute recovery, linearity,
sensitivity and precision for four concentrations were
studied.

Linearity and sensitivity:

The iinearity‘was determined as a function of on-column
sample'weight.by chromatographing 20 pl aliquots of retinol
paimitate over a concentfation range 0—2.5 mg/l (4.8 x 10-6 M)
equivalent to 0-50 ng on column weight.

The assay for retinolvpalmitaté was linear over the
range 0-50 ng on-column -sample weight for  extraction of
Intralipid solutions or for direct injection of standard
equivalent to 0-2.5 mg/l (0-4.8 x 10~6M).

The lowest detectable concentration (defined as a signal
to noise ratio of 2) was 30 pg/l equivalent to 0.6 ng on colﬁmn
weight,

Recovery

Solutions of retiholvpalmitate in Iﬁtralipid covering
the range 0-2.5 mg/1l (0-4.8'x 10‘5M) were analysed. The
difference in detector response bétween the standard with
Intraiipid solution and directly-injected aqueous standard
represented the absdlute recovery (Table 24) .

Precision

The precision of ahaiysis was assesséd by determining
. retinol palmitate in 12 solutions each of 3 different concen-
trations 0.2 mg/l, 0.4 mg/l and 0.6 mg/l equivalent to 4.0 #

10-7, 8.0 x 107 M, 1.1 x 1076 M) respectively (Table 25).



TABLE 24

Absolute 7 recovery of retinol palmitate
from TPN solution ( n = 30)

Mass 7 (x)- + SD %cv
Units
0.4 97.7 +2.8 | 2.9
- (mg/1) ‘
TABLE 25

Precision studies on retinol palmitate
in TPN solution (n = 12)

Mass Units Molar Units % CV
200 pg/1 | 4.0x1077 3.1
400 pg/l 8_.0x10_7' 2.9
600 pg/l 1.1x107° 3.2
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2.1.5.3) Estimation of retinol palmitate in liver

Most of the previous workers estimated retinol in liver
by saponifying retinol esters tQ retinol and measﬁring the total.

Olson et al (1979) hydrolysed retinol palmitate in
liver by grinding with anhydrous sodium sulphate and leaving the
mixture overnight under chloroform. Aliquots of therchloroform
extract were then analysed either by spectrophotometric or
Carr-Price assay. Both methods generally agree& within 8%.

flores and Aranjo (1984) estimated vitamin A in liver,
by homogenising the liver samples with 50 vol of 50% glycérol in
water., Retinol was assayed spectrophotometrically in extracts of
the non saponifiable lipids of the homogenates.

Table 26 shows some methods of extraction and esti-
mation of‘vitamin A in liver.

Most of the methods measured total vitamin A iﬁ the
liver. In our studies we attempted to estimate retinol
palmitate;'retinol and total vitamin A by three different

methods.

Sample preparation for retinol palmitate measurements (Bhat &

Lacroix, 1983)

The specimen of liver was wéshed with cold phosphate-
buffered saline and lyophilized overnight. The lyophilized liver
was ground to a powder with a pestle and mortar and extracted
with 20 ml 99% methanol per gm tissue and thenIWith 50 ml of
hexane per gm tissue. The methanol and hexane extracts were
evaporated separately and the residues were combined after
redissolving in Chloroform:Methanol (1:1). BAn aliquot was taken

and injected on HPLC.
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1) The procedure was standardised by adaing a known amount
of retinol palmitate to 1 g of liver tissue from vitamin
A-deficient rats (Section 3.3.2.1) and taken through the
Ventire procedure of lyophilization, extraction and
estimation on HPIC.

2)’ ‘ The residue was dissolved in 10 ml/g tissue eluant
before injection.

Results
Absolute recovery of the above method waé 62% (58—65%)

but if a standard was dried.down under nitrogen then aaded to

the homogenized 1ive;, lyophilized and extracted, absolute
recovery was 76% (70-80%) for a concentration range 0-36 ng
on—cﬁlumn. If vitamin C and EDTA was added befbre lyophilization,
recovery was 73% (70-75%) when another solvent was used instead
of methanol/hexane to extract tissue, eg isopropanol, or mobile
phase (H:THF:¥ac) proportion of (99:1:0.1), the mean recovery waé

70% and 75% respectively. These recoveries were regarded as

unsatisfactory, the losses probably being associated with the

lyophilisation.

/

Modified method, without lyophilisation

This procedure was standardised by adaing a known amount
of retinol palmitate to several mg of liver tissues equilibrated
10 min, homogenized, extracted with hexane:tetrahydrofuran:formic
aéid (99:1:0.1), shaken for 15 min and centrifuged at 2000 rpm.
The supernatant was dried with air at 37°C. The residue was
dissolved in a known amount of mobile phase, and 20 pl was
injected on column. Dried liver can be used if the liver amount

is small and treated as above.



S7

HPLC Method

Hexane:tétrahydrofuran :formic acid (99:1:0.1) was used
as mobile phase on a siiica column for estimation of retinol
palmitate.
Recovery

A solution of retinol palmitate covering the range 0—541
mg/l (0-2.7 mg/g) was anélysed. The difference in detector
response between the standard and the directly-injected aqueous
_standard solution'represents absolute recovery. The mean
recovery of 30 samples was 101.3 + 2.4% with a éV of 2.4%.
Linearity

The linearity was determined over a range of 0-54 mg/l
(0-2.7 mg/g) eqﬁivaleht to 0-1 ug on column. Thg assay for
retinol palmitate was linear over the range, for extraction from
homogenate solution or for'direct‘injéction of aéueous standard
equivalent to 0-54 mg/l.
Precision

The preéision was assessed by determining retinol
palmitate iﬁ 10 liver extracts at each of 3 different concen—A
trations 300 pg/g, 600 pg/g and 900 pg/g, which were prepared

from the liver of vitamin A-deficient rats by addition of

standards (Table 27).



TABLE 27

PRECISION STUDIES ON RETINOL PALMITATE IN LIVER (n = 10)

Measu?ed getlnol palmitate oV 7
in liver
300 pgl/g 4.9
600 pg/g 1.7
900 pg/g 1.5
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2.1.6) Estimation of total retinol in liver (Van de Weerdhof,

et al 1973

This was performed by saponification followed by
measurement of total retinol.

Mean absoiute recovery of added standard was 99.8% and
linearity for retinol palmitate was satisfactory over a rangé of
0-120 ng on—cdlumn weight (0-6 mg/g wet tissue).

Precision

The precision was determined by measurement of three
different concentrations of retindl palmitate after saponifi-
cation. (Table 28). |

2.1.7) Estimation of free retinol in liver.

The method was similar to that for serum retinol
(Section 2.1.3.2) except that 5 ml of chloroform:methanol'(1:1)
was used instead of 1 ml and 20 pl wés injected. Dfied liver can
also be used.
Recoyery

Solutions of retinol covering the range 0-4.5 mg/l1 (225
pg/g) were added before homogenisation, the difference in
detector responsé between the standard and the directly—injectéd
aqueous solution representing absolute recovery. The mean
brecovery of 20 analyses was 86.7% + 3.6 with a CV of 4.1%.
Linearity

The linearity was determined over a rahge of 0—9Q ng on-
column weight equivalent to 225 pg/g.

The assay was satisfactory over that range.



Precision

The precision was assessed by determining retinol in 10
preparations at each of three diffefent concentrations, 37.5
pg/g, 75 pg/g and 150 pg/g (Table 29).

Discussion

The major vitamin A derivative found in Intralipid

emulsion containing vitlipid (fat soluble vitamins) as well as in

liver was retinol palmitate. To follow éhanges of vitamin in
these solutions or tissues it was therefbre necessary to develop
a method for analysis of this metabolite.

Van de Weerdhof et al (1973) estimated vitamin A in food
by converting the ester forms to retinol by saponification. A
modification of this method was used in this study, with
application of the high performance liquid chromatography method
used for serum retinol measurement.

When the standard was analysed by this method iﬁ gave
high senéitivity and linear results over a wide range and with
virtually 106% absolute recovery when dissolved in alcohoi and
64% when dissolved in distilled water. The recovery from
‘Intralipid-emulsion was poor using this_mefhod. .Thisvmethod is
therefore safisfactory to measure total retinél, which is
produced from esters after saponification. For estimation of
stability and delivéry-of retinol palmitate in this emulsion
. after exposure to light, and investigation of the appeérance of
any other compound during exposure to light, a more specific

method is needed.:



TABLE 28

PRECISION STUDIES ON TOTAL VITAMIN A IN LIVER (n = 10)

Measured total vitamin A . CV %
" in liver. .. .
2 mg/g : 3.6
4 mg/g : 2.3
6 mg/g. .. .. 1.9
TABLE 29

PRECISION STUDIES ON FREE RETINOL IN LIVER (n = 10)

Measured free retinol CvV 7
in liver
37.5 pgl/g 4.7
75 ngl/g _ 4,2
150 pg/g 4.1
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An investigation was carried»out‘to find a method fér
extraction and estimation of retinol palmitate in this emulsion.
The hexane:tetrahydrofuran:formic acid proportion of (99:1:0.1)
waé the best mobile phase to elute retinol palmitate. This
solvent, which is less polar than tﬁat used in the HPLC method
for serum retinol estimation was found to be satisfactory in
terms of sensitivity, and abéolute recovery. Around 100 samples
can be measured per day, because each sample.takes only 5 minutes
to elute.

Retinol palmitate ?ould be estimated in serum-also, with
an absolute recovery of 92 i_1.5§ and the procedure was sensitive
and linear over a wide range. This method can therefore be used
to follow clearance of retinol palmitate from serum folldwing
oral or intravenous delivery.

Bhat and Lacroix (1983) extracted retinol palmitate and
other esters from liver éfter lyophilisation and quoted approxi-
mately 85-95% recovery, whéreas we only obtained a ﬁeah of 76%
recovery using this method.

An investigation was carried out to find a good HPIC
method for estimation of retinol palmitate in liver.v The HPLC
(method described earlier gave a good absolute recovery 101.3 +
2.4% and was highly sensitive and linear over a wide rangé (0-2.7
mg/g) . Although this method gave a separation of all the retinol
derivatives, the retinol péak eluted very late (60 min after
injection). It was therefore necessary to use a separate method

to measure retinol in liver extracts.
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Van de Weerdhof et al (1973) method was used to estimate
total vitamin A and the serum retinol procedure was used to
estimate free retinql in liver with absolute recovery 99.8% ana
86.7 + 3.6% respeétively.. |

Using these three methods we could therefore estimate
total vitamin A, retihol palmitate, retinol and by the difference
the other retinol esters. These methods could be used in fat
emulsion or liver. All of these analyses caﬁ be performed using
one apparatus with different extraction techniques and different
polarities of the eluant.

-

2.1.8 ther biochemical meaSurements

1) Retinol-binding protein (RBP)

RBP was measured on Radial Immunodiffusibn (RID) plates
(Behring-werke). Standard human serum (ORDT 02/03) (Behring-
werke) was used with dilution. This method could detect RBP
- levels down to SFmg/l. The normal range was 30-75 mg/l.

2) ‘ Prealbumin (PA)

“pA was measured by RID in a similar way to RBP. This
method could detect PA levels down to 30 mg/l. The normal range ‘
was 100-400 mg/l}

3) C-reactive protein (CRP)

C-RP was measured on the Abbott TDX Analyser by a
fluorescence polarisation method. All reagents, standards and
controls were supplied by Abbott laboratories. Minimum sample
volume is 50 ul. fhe linearity of the method is from 0-250 mg/1.
Higher concentrations reguired predilution in saline. The

reference range is < 10 mg/1.
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4) Transferrin
Transferrin was measured by a gurbidimetric method on
the Encore Centrifugal Analyser. The antiserum used was sheep
Anti-transferrin supplied by thekScottish Antibody Production
Unit (used at 1:40 dilution). The calibrator was calibrator 1
(human serum) supplied by Atlantic Antibodies. The sample was
prediluted 1:25 in 4% polyethylene glycol (PEG) in saline and the
calibrator was prediluted 1:40 in 4% PEG in.saline and a standard
curve was prepared to cover the raege 0.55;5.0 g/l. Samples and
. standards were spun for 10 min ag 3000 rpm. The pipettor 1000
‘was used to pipette prediluted sample or standard (10 pl),
antiserum (250 hl) and diluent (50 pl) pridr to analysis.
Reference range 2.0-4.0 g/1.
'5) Cholesterol
A kinetic <colorimetric test (CHOD-PAP Method)
(Boehringer Mannheim) wes used to measure cholesterol on a
centrifichem analyser (Baker).

6) Triglycerides (TG)

Triglyceride was measured by a fully-enzymatic colori-
metric test (Merckotest).. Tfiglycerides were hydrolyéed
enzymatically to glycerol and free fatty acids by a special
combination of lipases. The glycerol wasvﬁeasured enzymatically
on a Centrifichem analyser and is proportional to the total

triglyceride concentration.

7) Vitamin E

Plasma vitamin E was measured by a modification of the fluoro-
metric method of Kahan (1966), and Thompsen et al (1973). D=~
tocopherol was used as standard (concentration 25 umol/1) with

excitation wavelength 300 nm, and emission wavelength of 326 nm.
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3) RESULTS

3.1) GENERAL STUDIES ON SERUM RETINOL

3.1.1) Relation to time of day

The variation of serum retinol and retinol-binding
protein were studiea in 9 .females, 10 males in relation to the
- time of collection at Glasgow Ros'al Infirmary. Volunteers aged
19—43 were studied, weight 48-83 kg and heights 159-185 cm. The
blood samples were collected at 8 am, 12 no.on, 2 ém, 5 pm and 10
pm. Samples correspond to after overnight fast; before and after
lunch and dinnex':.r The p]:asma was separatebd immediately and
stored at -20°C untilkretinol and retinol-binding protein were
analysed.

Table 30 shows that no significant difference in serum
retinol levels have been found before and after ingestion of a
normal meal (ie between 8 am and 12 noon, and 12 noon ahd 2 pm).
However, tﬁere was a highly significant difference (p < 0.001)
between paired 8 am and 10 pm samples (mean difference 0.23
pmol/1) .. The regression coefficient for 8 am and 10 pm samples
was rb = 0.97.' Figure 20 shows the correlation between serum
retinol and RBP at 5 pm (r = 0.8). k ‘b

| Discussion

It can be concluded that for individuals on a normal
oral diet the time of colleéting the blo§d specimen for ‘retinol
analysis must be carefully contrblled. However, the effect of a
meal on serum retinol can largely be ignored. \ Sekrum retinol
levels measured by HPLC did not change after a normal or high
oral dose of retinol palmitate (Section 3.2;3) . These results

also confirm that it is not necessary to collect specimens from



TABLE 30

SERUM RETINOL AT DIFFERENT TIMES DURING THE DAY
(MEAN # 1 SD) n = 19 '

Time | 8 am | 12.00 | 2.00 | 5.00 | 10.00

pm pm. pm
Mean
pmol/1 3.1 3.1 3.0 3.0 2.9
SD 0.94 0.92 0.94 0.89 {1 0.77

SE 0.22 } 0.21 « 0.22 | 0.21 0.18

2cv | 30.9 | 29.6 | 30.9 | 29.9 | 26.8
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Figure 20: Correlation between serum retinol and retinol-
' binding protein in volunteers
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patients in the fasting state. In all future studies every
effort was therefore taken to obtain specimens from patients in
the morning.

3.1.2) Normal Rangé

A random sample of 70 persons with no known ill health
and between the age range 40-86 born in the Eastern District of
Glasgow were studied (Section 3.3.1.1). - A fasting sample of
blood was taken from them and serum retinol measured (Table 31).

From this it was concluded that the reference range for
males is approximately 1;2 ~ 5.6 pmol/1 (mean + 2 SD) and 1.3-4.5
pmol/l in females. | | |

3.1.3) Stability of serum retinol

Venous blood samples were_obtained from 3 healthy
laboratory staff members, who had been previousiy found té have
low, medium and high serum retinol concentration. The serum was
kept at -20°C for up to 3 months. Each week the samples were
thawed and serum retinol was measured by HPLC. Table 32 shows
the precision of 30 analjsgs of each pool over the 3 moﬁth period
and there was ho change in concentration from the first weék
(0.4, 1.4, 3.8)‘tb last week (0.4, 1.3, 3.7).
| In the past the stability of retinol in frozen serum or
plasma samples has been assessed primarily in samples stored in
the dark for less than a year. The results obtained are
dependent on the methods used for anélysis (Table 33).

On the other hand, other factors may affect the
stability eg temperature of storage, the volume of the sample
since the larger the volume, the better is vitamin A stability

Frolik and Olson (1984), handling and storage condition, and the



TABLE 31

SERUM RETINOL FOR NORMAL -SUBJECTS (mean * SD)

Subjects No. of subjects Serum retinol
(pmol/1)

Total 70 3.2 £.0.9

Male 27 3.4 £ 1.1

I+

Female 31 ’ 2.9 % 0.8




TABLE 32

STABILITY OF SERUM RETINOL (umol/1)

Concentration | First week | Last week | Mean CV %
Low 0.4 0.4 0.4 | 7.0
Medium 1.4 1.3 1.3 3.4
High 3.8 3.7 3.8 4.1
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freezing and thawing procedure. Rark et al (1981) reported that
. up to 12 cycles of freezing and thawing did not influence plasma
retinol as measured by trifluorocacetic acid method (Neeld and
Pearson, 1963); in our study (Figure 21 ) we did not find any
change during a 3 month peribd of repeated freezing and thawing

‘and hence further samples were stored under these conditions.
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Figure 21: Stability of serum retinol in 3 human pools
stored for 3 month periods.
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3.2) NUTRITIONAL STUDIES

3.2.1) Stability of retinol palmitate in Intralipid solution

o8 |

VitlipidR (10 ml) containing retinol palmitate (750
pg/10 ml) was added to 500 ml Intralipid (20%) undervaseptic
conditions.‘ Care was taken during preparation to protect the
contents of the Intrali?id bottle from exposure to daylight. An
administration set (Transcodeﬁ Lensahn, ﬁ Gérmany) with 15 pm
filter and air inlet was connected and adjusted to déliver 50
.ml/hour. The bottle was hyng from a stand, 1 metre above ground
level. The bottlé wés exposed to daylight, 0.45 metre from north
facing windows. The experiments were Started at 9 am and were
organised in the period September and October. Samples were
collected at 2 hour intervals into glass bottles. The last
sample was allowed to stahd‘in daylight and was further sampléd
at intervals to 168 hdurs. |

Separate bottles of intralipid 20% emulsion cqﬁtaining a
similar amount of refinol'palmitate were prepared. -One‘was
covered with a black plastic bag and>stored at room,temperature,
and the other was kept in the dark at»4°C. They\were sampled at
simiiar times to the above. Solutions were analysed for‘retinol
palmitate by the optimized HPLC mefhod describea previously

(Section.2.1.5.2. ). 1 g of each mixture was dissolved in 10 ml

isopropanol.} The experiment (3 bottles/experiment) was repeated 4 times.,

Results

A typical result of the retinol palmitate content in Intralipid 20% emulsion
exposed to daylight is shown in Figure 22. At 24 hour, 40% of

retinol palmitate had been lost, whereas by 168 hours only 20%
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Figure 22: Stab{lity of retinol palmitate in Intralipid

emulsion for one week at 4°C (4 ), room temperature
(*) or in sunlight (+).
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remained. When it was stored at room temperature and protected
from daylight, or stored at 4°C, there was no significant loss of

retinol palmitate after 24 hours. Storage in the dark at room

temperature for one week led to loss of almost 20%. Repetition of

the study gave virtually identical results.

-Mbiécussién

The stability and delivery of retinol palmitate in these
emulsions was studied for one week using the HPLC procedure. It
was found that éfter 24 hour of exposuré to daylight 60% of
retinol palmitate was still present,

Allwood (1982) using 3 L bags found only 7% retinol
paimitate was delivered, assuming that infusion (100 ml/hdur) was
exposed to 12 hours dayiight, followed by 12 hours darkness, with
distance of 0.3metres from windows. In his study, with the same
conditions as abové except that a shade was put in the window,
only 51% of retinol palmitate was deliveréd. Rates of
degradation would be influenced by the flow rate which determines
the'eXposure time. Other factors also may affect degradation, eg
time of day, direction of the light, weather condition, location
of'the hospital, the amount of daylight exposure in the ward and
the time of year. Ouf exéeriment was carried out in September
and Oqtober, while Allwood carried his out in May and July.

He estimaﬁed retinol palmitate by adding Multibionta

(BDH) solution to 3 L bags (1000 pg/l), while.we estimated

retinol palmitate by adding VitlipidR (Kabi Vitrum) to 500 ml.

Intralipid 20% emulsion with concentration 1500 pg/l. Both
studies confirmed that an emulsion stored at room temperature -and
- protected from daylight, or at 4°C did not lose any significant

retinol palmitate over a 24 hour period.
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Riggle and Brandt (1986) found that the decrease of
available retinol in parenteral nutrition solutions was not due
to photodecomposition. The decrease was due to uptake by the
tubing, which.was dependent on flow rate. A mean decrease of 26
to 67% was seen if flow rate was changed from 75 ml/hour to 10
ml/hour. In their study they used retinol, whereas recently
Gutchér EE;Ei (1984) have suggested using the retinol palmitate
form of vitamin A as a means of circumvehting these losses.
However, Kishi et al (1981) also using retinol palmitate demon-
strated 50% loss of vitam%ns, which was controlled partially by
protecting the bag from light. In this study we used retinol
palmitate'and the loss is-undeteétable if stored at room

temperature or 4°C for 24 hours.

3.2.2) Ciearance of IV retinol palmitate from venous blood

Three patients receiving IVN, had the Intralipid 20%
infusion, containing Vvitlipid, commenced at 1 am and completed at
9 am. Blood Samples were collécted at 9 am, 11 am and 1 pm..
Serum retinol and retinol palmitate were measured by HPLC, while
total vitamin A was measured by fluorimetric method. Triglyceride
was measured as well in these‘th:ee. patients. Table 34 shows
the results.

FDiscussion

Table 34 shows that retinol palmitate given intra-
venously is cleared from the blood sample after about 2 hours
f#om ﬁhe end of the infusion. Serum retinol levels did not change
during infusion, although the‘total vitamin A shows a change a§;9
am.. At the same time serum triglyceride shows a high value at 9

am. It can be concluded that for measurement of serum retinol
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levelé by the fluorometric method in patients treated with
intravenous infusion, samples should be taken 4 hours after
infusion of fat emulsion, so that there is minihal inter ference
due to triglyceride or retinol palmitate.

3.2.3) Clearance of orally ingested retinol palmitate

In this study 6 normal male subjects age range between
28-63 arrived on a Sunday evening to GRI and were fasted until
next morning. Blood samples were tagen'frbm the subjects éarly
in the morning then a meal was given consisting of:

380 ml’full cream

20 ml granulated s;gar

20 ml dried milk

40 ml flavourite syrup

300,000 units of retinol palmitate (Crusha), equal to "

160 mg/1.= 558.4 pmol/l.

The formula diet was made to one pint with distilled
water, which was drunk within 15 minutes; Two hours after the
meal, blood samples were taken and then after each two hours
until 8 hours, or 10 hours. Normal hospital food was taken at 4
hours and 8 hours and a further blood sample was takén after 24
houfs.Serum retinol and retinol palmitate were measured by HPLC
and total retinoids by fluorimetry, as well as triglyceride and
retinoi—binding protein (RBP).

Results

The retinol palmitate and retinol concentration in serum
by HPLC as well as total retinoid concentration by fluorimetry
andvtriglycefide concentration are illustrated in Figure 23-28

for each subject.



Figure 23:

The change in serum (1) total retinol (violet)

by £luorometry; (2) retinol (black); (3) Retinol
palmitate (green) by HPLC and (4) Triglyceride
(red) after an oral dose of 300,000 IU of retinol
palmitate in a fatty meal.

Subject 1
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Figure 24:

The change in serum (1) total retinol (violet)
by fluorometry; (2) retinol (black), (3) Retinol
palmitate (green) by HPLC and (4) Triglyceride
(red) after an oral dose of 300,000 IU of
retinol palmitate in a fatty meal: ‘

Subject 2
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Figure 25:

The change in serum (1) total retinol (violet)
by fluorometry; (2) retinol (black); (3) retinol
palmitate (green) by HPLC and (4) triglyceride
(red) after an oral dose of 300,000 IU of
retinol palmitate in a fatty meal. :

Subject 3
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Figure 26:

The change in serum (1) total retinol (violet)
by fluorometry; (2) retinol (black); (3) retinol
palmitate (green) by HPLC and (4) triglyceride
(red) after an oral dose of 300,000 IU of
retinol palmitate in a fatty meal.

Subject 4



CI/7710WW  30TH3IATIITHL

15,

12

(0)) )
C1/710WN> V. NIWVLIIA

24 27

g 12 15 18 21

6

TIME (HRS)



Figure 27:

-

The change in serum (1) total retinol (violet)
by fluorometry; (2) retinol (black); (3) retinol
palmitate (green) by HPLC and (4) triglyceride
(red) after an oral dose of 300,000 IU of
retinol palmitate in a fatty meal.

Subject 5
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Figure 28:

The change in serum (1) total retinol (violet)
by fluorometry; (2) retinol (black); (3) retinol
palmitate (green) by HPLC and (4) triglyceride

(red) after an oral dose of 300,000 IU of retinol
palmitate in a fatty meal

Subject 6
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It can be seen that retinol palmitate increased in each
subject with the peak concentration reached by 8 hours. In one
subject in whom further samples were taken there was a second
peak of retinol palmitate after 12 hours.

Serum retinol 1levels measured by HPLC remained
unchanged following a dose of retinol palmitate in all subjects;
The total serum retinoids measured by fluorimetry féllowed that
of retinol palmitate peaks for each subjéct except that the
concentration was lower than expected from the HPLC rééults.

The figures alsq show that triglyceride increased
rapidiy and reached a peak after 6 hours. It then dropped
sharply aﬁ 8 hours and reached the starting concentration in all
subjects by 24 hours.

| Discussion

Vitamin A is a lipid soluble micronugfient. The factors
affecting its transport and absorption in the smail intestine.
ﬁave been summarised in Sections 1.3 and 1.4.

In lymph, Vitamin A appears as retinyl ester, while in
plasma over 90% of vitamin A occurs as retinol. 'Immediatély
after a dose of retinol palmitate and when chylomicron floods the

\
circulation, there is a substantial increase in the retinyl ester
(Goodman et al 1965). The ratio of ester:alcohol is rapidly
restozed to fasting levels.as the tissues, particularly the
liver, take up the newly absorbed vitamin (Underwood, 1974). Thus
for a short time, which was found to be approximately 8 hours,
retinyl esters bound to lipoprotein enter the blood stream via
the lymph appearing in plasma. Then theyvfind their way into

tissues where they are stored. On the other hand, absorbed
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triglyceride in the lymph also appears in chylomicrons (whiéh are
very small particles composed of a coré of triglyceride, with an
outer film of phospholipid, cholesteroi énd protein). In some
subjects, retinol palmitate and cholesterdi began to increase.in
serum after triglyceride. Chylomicron‘catabolism is normally a
rapid process that proceeds in at leasﬁitwo phases; one is to
activate énzyme lipoprotein lipase, leading to»the hydrolysis of
‘chflomicron core triglyéeridesl This phase of chylomicron
metabolism £akes place at the surface of capillary endothelium of
extrahepatié tissues. The hydrolysis of triglyceride results in
shrinkagekof thé Chylomicron core and transfer of redundant
surface components into HDL (Goodman and Blaner, 1984).‘ The long
process of chylomicron metébolism leads to the formation of a
smaller spherical lipoprotein particle called a chylomicron
remnant (Redgrave, 1970). The femnant is depleted 1in
triglyceride and more enriched in chglesteryl ester, phospholipid
and protein. Hazz and Bierman (1976) fdund that these remnants
are also relatively enriched in vitamin A, which may explain why
trileceride félls»before vitémin A. This may also be due to
quicker absorption, hydrolysis and re-esterification of tri-
glyceride than vitamin A.

Serum’retinol and retinyl esters are transported by
separate carrier proteins. (Ganguly et al 1952). RBP shqws no’
change after an ordinary meal or high oral dose of retinoi’
palmitate, because it correlated with retinol which did not

change during the study (HPLC) over the 24 hour period.
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It is particularly interesting to us that the serum
retinol did not change, despite the large increase in serum
retinol palmitate. This is pfesumably dﬁe to the raéid uptake
and storage of retinyl esters by the liver in the post absorptive
_period. |

Mejia et al (1984) indicated that up to 4 hours‘aftef a
vitamin A-rich meal} there was no significant difference in serum
concentrAtion of retinol, RBP and carotenoid;. Although retinol
palmitate was not measured in his study, our results agreed with
this finding. It is possib}e that after inQesting a meal,'ﬁhe
rate of gastric emptying was not fast enough to provide at one
point an amount of retinol for intestina; absorption, sufficient
to cause a deﬁectable change in the serum concentration of the
vitamih.

Kasper et al (1979) found in an experiment carried out
on female subjects that total vitamin A concentration reached a
peak 3 to 7 hours after oral administration of 300,000 IU (160
mg/l) of retinol palmitate. The time depended on the type of
fibre added to Ehe diet formula. Dietary fibre appears to
increase the rate of absorption of retinol palmitate. When no
fibre was added, a similar rate of absorption was found as in our
study.

Retinol and its esters are the only néturally—occurring
rétinoids that fluoresce appreciably under normal conditions.
Goodman and Leslie (1972) suggested that when retinol is aftached
to specific proteins in plasma such ‘as retinol-binding proﬁein
(RBP) the fluorescence is much enhanced. Because retinol

palmitate does not bind to RBP there is no increase in
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fluorescence. Moréover,'retinol acetate which is used for
standardisation of the fluoresence assay, may fluoresce bettéf
than retinol’palmitate. This may explain why serum levels of
retinol'paimitate measured by HPLC are higher than serum levels
of total vitamin A measurea by the fluorimetric method.

3.2.4) Studies on patients

3.2.4.1) Home TPN (IVN)

A number of patients require'IVN a£ home as a result of
major intestinal resection or severe inflammatory disease leading
Ato malabsorption. A reg{ster of such patients in the United
Kingdom is kept at the Department of Sﬁrgery, Hope Hospital,
Salford.v As'part of a review of the micronut;ient status of
these patients samples were requested from the consultants in
charge of patients in various parts of thé country. These
patients are an in@eresting group fo study, not only because they
have been maintained on artificial nutrition for prolongéd
periods, but also because they are not acutely ill, the effect of
any acute phase reéction on measurements should be small. We
therefore measured piasma retinol, retinol-bindihg protein,
‘albumin énd C—reactive‘protein (CRP) on 20 of these patients,
and related»this to the wvitamin A intake and duration of
nutritional support. These patients were supplied with IVN from
local hospital pharmacies or a commercial company (Travenol).
Some patients had a small amount of oral intake;' Ihtravenous fat
soluble vitamins were given eg 'Multibionta‘ infusion 5900 ug of
retinol palmitate, and was provided daily for most patients, or
as Vitlipid Adult infuéion 750 pg ranging from daily - twice per

week. Table 35 shows the amount given (pg/day) for each patient.
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4.

Result

The mean plasma level for retinol (3.4 + 2.2 pmol/1l) was
not signifiéantly different from a normal population (3.2 + 0.9
pmol/1) (Figure 29). Five patients had high levels between 5.9 -
8.5 pmol/l; six patients showed low levels between 0.3 -1.6
pmol/1. Figure 30 shows the lack of correlation (r = 0.2)
between seruﬁ retinol levels and the aﬁodnt of vitamin A which
had been taken (pg/day).

RBP and albumin were measured as an assessment of
protein status to show the Felation to vitamin A status. Figure
31 shows4the correlation between RBP and serum retinol (r =
6.98). The mean level o£ albumin was 33.5 + 7.0 g/l and there
was a poor correlation (; = 0.2) with RBP (Figuré 32).

C-reactive protein (CRP) was measured and there was no
correlation between CRP and serum retinol or RBP (r = 0.1 and r =
0.01) respectively, ﬁhile there:was -a negative correlation
between CRP and albumin (r = 0.6). These results are incon-
clusive because only one patient had a significantly elevated CRP
(5 50 mg/l). This patient had a low serum retinol, RBP and
albumin. |

Discussion

The relationship between retinol and RBP is discussed in
Section 1.4. Patients with high levels of serum rétinol show
also high RBP levels, although two of these patients received as
little as 214 pg/day and 750 pé/day intravenous vitamin A. ‘There
was a good correlation between serum retinol and RBP (r = 0.98).
There was no correlation with albumin. Figure 30 shows a poor

correlation between vitamin A intake/day and plasma retinol. This
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is presumably because vitamin A is stored in the liver, so the
amount which has been taken should not be the same as that
released from the liver. Four of the six patients who had low
levels of plasma retinol were not receiving intravenous vitamin A
supplements, and two were receiving only 214 and 750 pg/day
intravenously. These patiehts also had iow serum RBP, albumin
concentration, two having concentrations of RBP and albumin (7,13
mg/l and 18,34 g/1) respectively. Perhaps; the plasma retinol
was a reflectioﬂ of protein depletion rather than retinol
deficiency, or this ﬁay dug to net protein catabolism‘in responée
to infection.

During the acute phase fesponse, which is observed
within hours or days after the onse£ of infection or inflam-
mation, the liver dramatically increases the synthesis of certain
proteins, whereas albumin synthesis is reduced (Dinafello, 1984) .
One of the proteins increased is C-reactive protein, which begins
to rise very rapidly soon after injury (Kushner, 1982). Pepys
and Baltz, (1983) found that CRP can rise from <1O to 200 mg/l in
inflammation._ Approximately 50% of Ehe»home IVN patients had a
normal CRP (<10) implying no inflammation and the rest were
slightly higher with the range 11-71, but only one had a high
concentration indicating acute inflammation.

The lack of correlation betwéen CRP and RBP/reFinol or
albumin reflects the small range of CRP concentration. Therefore
retinol‘concentrations are probably not affected by an acute
phase reaction in these patients, and thése concentrations
therefore indicate protein nutritional statué as well as vitamin

status, Most of these patients studied had normal serum albumin,
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suggesting good protein status, although other markers of protein
status, eg skeletal muscle may be helpful. Serum retinol in
these patients Qas therefore probably a reasonable marker -of
vitamin A status.

The low serum retinol in some patients may also be due
to inadequate supplement of vitamin A orally, leading to‘pdor
‘absorption. -Ten of the patients, 4 oral and 6 IV, had been gi&en
less than the vitamin A daily intake recomﬁended by HMSO (UK)
1979 (750 pg) or RDA by NA of Sciences (USa) 1980, (1000 pg) énd
50% of these éatients had levels of serum retinol below the
normal range. It is interesting how many patients received high
intakes of vitamin A in compérison with the RDA. Although there
was no correlation of plasma retinol with level of input, none of
the patients with an intake of > 2000 pg/day had a low serum
retinol concentration. As far as we know none of fhese patients
had any clinical evidence of vitamin A toxicity. Further studies
on liver biopéies would be necessary to clarify the adequacy-of

vitamin A status in these patients.
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3.2.4.2) Determination of serum retinol in surgical patients

receiving nutritional support

Ten surgical patients, 4 male and 6 female, mean age 47
years, range 17-72, received nutritional support before and after
operation. Five patients were fed intravenously according to a
standard regimen, throughout treatment. The average daily intake
was 3000 ml containing ‘14gm N and 3000 kcal (2000 kcal carbo-
hydrate/1000 kcal fat). The infuéion was prbvided with all water
soluble nutrieﬁts (except vitamins) in a 3 L bag over 24 hours,
together with a separate infusion of Intralipid 20% (500 ml)
contéining 1 vial SolivitoR (water—soluble_vitamins), and 1 vial
'VitlipidR (fat-soluble vitamins) which was given over 8 houfs.
2500 IU (750’P9) retinol palmitate were provided each day. Four
patients received enteral nutrition orally, with diﬁferent
amounts of tube feed. One patient received a combination of IVN
and enferal nutrition at different times.

The duration of the study was 2 months - 3 years.
Nutritional assessment included regular (every 1-2 weeks)
‘measurement of transferrin, albumin, RBP, serum retinol and body
weight. ' CRP was measured for 7 patients only (Figures 33-42;
Tables 36 and 37).

Diséuésion

In plasma, retinol is transported bound'to_RBP in a one
to one molar relationship. RBP is a serum protein with a short
biblogical half-life and serum levels of retinol appear
intimately associated with the capacity of fhe liver to synthesis

RBP and hence mobilise vitamin A stored in the liver (Ingenbleek



(L€ 81J) °Posea1IduUT 919M SIUBWRAINSEIW 12430 TTB 2TTYA
‘paseaxdap 3y31om Lpoq ‘uorieiado a3eureap puodes
ay3 833y ‘pasdueydun 21am urtungie pue 3yStam £poq
9TTYM ‘9SBBIDUT UB POMOYS UTIIDISUBAL, °*9SEBIIDUT

03 pa3jaeas Keyi €391Ip TBI0 UO ISTTYA uorieaado
s8euyeap 3saTy 8yl 1933y ‘uor3zeaado-3sod

€6 Lep 1173 panurjuod Yyd2tym Aroarzeaado-jsod

"sfep z| 19A®] MOT pemoys Toullal wnids pue Jqy

*( 9g¢ °an81g) Lep/NS ¥}-6 woxy

peseaIdur usaq pey NAI @43 Swil SIY3 Iy °*Tourlax io
sutejoad uT TIBJ B Y3IIA PIIRIOOSSE joU Sem NAT
‘sy9am ¢ 19338 JYD UT 9SBAADUT BYY (/3w 01 >)
a8uex yEPWiOU BYJ UTYITA PIUTEBWRL JYI pue

NAI 8uianp! 95EBa1dUT Sjuawainseaw 1V

*( 6¢ @an31J)

d¥D uT 1183 8ul YaTa pue ‘NAT YT jeuiou o3

' uanjax Jgy pue [ourlzal wnias ‘poraad sarjexado
-3sod 8yl ul *J94y¥ YITM 6°0 = I JO UOTIB[2110D
osxaaut pool e yitm *sdep g| asage (/8w o} >)
28uex Tewiou payoeal pue aseaadop diaeys e pamoys
Jd4D 31Tym “aa3e] sLep ¢| 9seaIdUT pur uorjeisdo
I1931J® 9SEBO1D°9p B PaMOYs uUIWNQIy °*JyY) pue utungie
103 3dsoxe uorjeaado-isod poriad jqosm g ayj aaa0
SjuswaInseaw TIB UT 9SEIADUT PIjyIBWw B SBM 3I3YL

(vg @an31d)

| pasealdul uoTIBIJUIDUOD Jg¥/TOuUTIBA pIdnNpoIul

-9 2194 sjuswalddns utwelTa Y3 ‘183 JYD uayM

*ou0d Jgy/IouriaI ur [[eJ YITMm PIIB[S1I0D OS[B 9SBIIOUT
*panurjuod jou sea 93ejIwied [our3lax.anq ‘paurejurew
sem 9yeljut N uaym poraad e Buranp ‘(93 Touriar wnias
pue Jgy ‘syoae mol o3 paddoiap yorym gyp 3ideoxa [ie
uy 9SBaIDUT ue sem 919yl uorjeiado-isod poraad pafuojoad
2yl 3utang ‘pesesaIdUI JYD) SEIIAYM ‘paseaidap Iydrom
Apoq pue Tour3iax unias ‘sursjoad [1e poraad uorjeaado
-3sod £yaee ay3 Supang ‘[oullal wniss pue surajoxd

112 ut @28ueyo ou smoys potraad uorizeaado-aig

ddD

( €€ @an811) 1193 d¥D 2y3 pue papraoad

a1am N3 4} uoym urede as1x o3 ueleq 31 °*NS 6,03
poseaadap sea 9jejul N 9yl puer (UOTID9IUT 03 2np)
9501 gy °2Yy3 uays paddoap pue i19y3lafol paseaaour
wniss ur [OoutIaL pue. Jgy ‘98ueyo JUIISTSUOD

Aue moys jou PIP UTAISISUEII PuUB UTUNGTY

*usAI8 NAI 1933® 4Imolg 2SI1 03 ue8aq jy3tem Lpog

7 ®3euteaq
} @3eureaqg

Awo3dausids
Awo3zoajeaasued
1e3sTd

ssaosqe
o13e0adUERd
3o a8eureaq

wnuaponp
03 Yydewois jo
sTsouejseueay

seaaoued 3o
PEBIY UOTIVISIY

¢[NISTF snonu
g Awo3soalT jO
S50} SPUR-1
1omoq TTeus

3O uoTsSIAIQ

Kdoosopug

ooee | L°0}

0092 | S°HI

00sZ | €°¢€l

00SC | 0°t}

00€€E

.
o~
-

asod

axd

3sod

3sod
3 aad

]
o]
[~

NAI

NAI

NAT

(w23
3uoT)
NAI

g
&

BINISTH
913B21d0UR]
awoapuds
UOSTITH
2938uti10Z

9seas1q
§,uyoa)

BINISTI
R ssaosqe
oT3eBaIdUBRG

sdf1od
19moq @8ae

sn3eydosao
-~ 19oue)

9%

Lz

Ll

9%

09

-~

Jusumo)

uotr3yeaadp

(DI) @3e3TW

-1ed Tourjed

JO 9ye3UT UBSR
)

2)e3ur N uesl

uotaeaado
3sod 10 ?aag

Butpesg yo adLg

a

s1souder

Xag

a8y

oy 3JusTIEd

SINIAILVA 'IVOIDUNS NO SINZWWOD QNV SISONOVIC

19¢ @TAVL




*(¢y 2an813) ‘paseaidop
jour3zax wnaas pue ggy oy3 ‘Surpaay yeao o3 sNaTl
I9jsuell UQ °pasealdul sjuswoansesw i ‘usAilld pe8uojoagd
sesn NAT ueym uorjeaado 1933y  °*3Iystem Lpoq 0052 9l 3sod STITIBBID
3deoxXs pasev10op sjusweansesu (ie ‘uoriexsdo fmojsounfal } X -3 NATI pue ) -ued
-2ad sfep # 1oy Suipsaz o1azsedoseu Surang -0d0paToid | QO0EE 8'6 axd otagsedosey otuoay) al ¢ty ol
. (1y 2an813) paseaaour L1juanbasqns
sjuowaansesw [ie pue ‘papracad aiem ) ulwWEITA
pue (23TA033Y) 3Juswolddns y uiwelra BIIXD
Jo STEIA *paseaadap surajoad asyjo pue Jgy fwojsounfafl
¢1ourjai wnias ayj pue eeoyiieip padofaasp Surpsay
ays ‘aejgesasy] ‘uorieaado 3sod sjusum Jo uor3aasur
—-21NsSeaW []B UI 8SE2IdUT ATIED UR SBM JI9Y] 3 Awojoaede} | (987 G'g | 3asod Awojsounfap a1l z9 6
(0% 2an313) @8uea Tewiou Byl UTYITA
03 pauanjax pey JY) °‘sdep #z 1933V °*d9y
Y3ITA Z9°0~ = I JO UOTIB]DII0D YITM 8spaidur 3sod
ue pamoys YsTym Jyo ideoxa ‘uorjeiado as3ge ) ] xufae]
9589108p paYleW paMoys SjuswaInNsSeIW [TV fwo3oadulaey €Sty | w71 aad otxaseSoseN ®) R ]
(6¢ @an31g) o8uea Teuwxou ayj ueyj 1ay31y
pauTewax Ingq ‘(8°0 = ) YITA Jg¥ 03 9sadaur
9sea1d3p ' pamoys Jyp 3daoxe uorieaado
SuimoT1o3 potiad Yoo ¢ o913 19A0 SjusWLINSEAW pesITIUITD xukieq
T1® Ul 9SEBOIDUI JUIJISTSUOD B SBA DIBYJ fmozos8ufiey | 6862 6°g | asod oTa13se30sEN e) EQ K1 L
(8¢ @an31J) pojead]od
. peuTeWAX J¥) ISTIYM ‘TeUIOU 03 uUIANIII Jou ST3T3IE3ID
PTpP TouT}2x WNA3S pue ddY °Toullax pue ~ued
d94 Jo @sieaur Lurewm 21amM gyy ur saSuey)y | Awoizoaje3isoiad o1u0ay)
*uotjeaado 3sod sfep gz £q aseaaour ue 1eaylaan 391p | JuswalieTus
MOys TouTlal wniss se I1am se ‘surajoad TV -suea], | 996¢ G*L | 3sod 9913 u93niy 1383802 d H|zL 9
g " - =1 5 o 0 . [+
g o &5 @ &8 ° 3 8
=1 55 =2 ~ b m 17 ot
7 [« \Tl.dm_w He W-m e
s SERS 3 7] o @ g
) TR e Y o+ o 8
8 7 B o
. th ] H
o
fLE T1AVE

SINJILVd TVOIOUNS NO SINIWWOD NV SISONOVIA



Figure 33: Patient 1. The change in serum:

1)  RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green)
6) CRP (brown),

prior to surgical operation

intravenous nutrition
operation

IVN
Op

il
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Figure 34:

" Patient 2. The change in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) -Transferrin (red)
5) Body weight (green)
6) CRP (brown)

before -and after surgical operation

IVN = intravenous nutrition
Op = operation
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Figure 35: Patient 3. The change in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green)
6) CRP (brown) -

after surgical operation

IVN = Intravenous nutrition
Op = operation
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Figﬁre 36:

Patient 4. The change in serum:

1)
2)

3)

4)
5)

6)

RBP (black)

Albumin (violet)
Retinol (blue)
Transferrin (red)
Body weight (green)
CRP (brown)

prior to surgical operation

IVN
Op

= Intravenous nutrition
= operation



TRANSFERRIN Cg/1)
RETINOL (micromol/l)

© b A b N
Cl/0w) dSu

a/B) Niwnaiv

(S>D J.HDI3M A008

a/6ui) NI310Hd 3M13V3d-a

o
«e



Figure 37: Patient 5. The'change'in serum:

1) RBP (black)

2) Albumin (violet)
3) Retinol (blue)

4) Transferrin (red)
5) Bodyweight (green)

after surgical operation

Op ' = operation

IVN = intravenous nutrition
OD = oral diet :

D = drainage
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Figure 38: patient 6. The change in serum:

1) RBP (black)

2)  Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green)
6) CRP (brown)

after operation

Op = operation
. GFD = gluten free diet
NG = naso-gastric feed
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Figure 39: Patient 7. The change in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green)
6) CRP (brown)

after surgical operation -

Op = operation
NG = nasogastric feed
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Figure 40:  Patient 8. The change in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4).  Transferrin (red)
5) Body weight (green)
6)  CRP (brown)

after surgical operation

Op = operation
NG = nasogastric feed
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Figure 41: Patient 9: The change in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green)

after surgical operation-
Op : = Operation

JF Jejunostomy feed
EV Extra vitamin
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Figure 42: patient-10. The change>in serum:

1) RBP (black)

2) Albumin (violet)

3) Retinol (blue)

4) Transferrin (red)
5) Body weight (green) .

before and after surgical operation

NG - = nasogastric feed
Op operation
IVN = intravenous nutrition
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et al, 1975). Any function affecting RBP affects serum retinol.
In patients there are different factors affecting the serum
concentration of RBP.

Firstly, an acute-phase response which relates to
different'types’of disease, operatioh or infectibn; where the
fall in plasma retinol concentration in mqst‘patients may have
been due to'net protein catabolism (either reduced hepatic
synthesis or increased catabolism) rather fhan temporary inter-
ruption of viéamin A supplements. This fact is supported by the
fall in sevefal plasma proFeins measured including RBP. On the
other hand, many proteins increase, eg’CRP due to the acute.phase
response., Dinarello, (1984) explains that tissue damage after
injufy leads to stimulation of macrophages to produce
Interleukin-1 which causes liver to 'switch on' the synthesis of
acute—bhase proteins, with consequent increase in their concen-
tration in plasma. Fleck et al (1985) suggested that the degree
of tissue daﬁage was‘evidently of importance in the‘activation of
the acute-phase response, although the relationship is unclear.
He explained why soﬁe concentrations of plasma proteins décreaée
after trauma, while others increase after showing an initial fall
by a mechanism ;alled a 'Two-compartment model'. This depends on
many factors eg vascular permeabilitj, molecular size and
physical properties of the individual proteins. RBP has a small
molecular weight (21,000), while albumin is 66,000 and trans-
ferrin is 80,000 and CRP is 105,000.

This may explain why RBP decreases before the otﬁer
proteins after injury; Many factors méy affect vaséular

permeability including Interleukin-1 and possibly other
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endocrine effects. These factors may also affect synthetic rate.
Therefore, an inverse relationship between CRP and RBP/retinol
-may be found in these patients, as was seen in the present study.
Aronsen et al (1972), Johansson et al (1972), Moody
(1982) found in contrast to the acute-phase proteinsthere are
many other proteins, whose concentrationsfall after trauma and
remain low for several kdéys, eg albumin, transferrin,
pre-albumin. In this study, these proteing also show such an
effect. Fleck et al (1985) noted that the concentration of
protein in plasma does n9t-neéessari1y'reflect its rate of
synthesis or breakdown.  Other factors such és vvéscular
permeability can exert a greater inflﬁence on the concentration
of proteins with a very rapid rate of turnover such as RBP, to
which large and rapid changes in the rate of synthesis may lead
within a day or two to significant éhanges in its concentration.
While the rise in serum retinol concentration with
nutritional support in some patients was possibly due to a
reduction in the acute-phase response, the other facﬁors'which
afféét RBP are vitamih A and protein nutritional status. .The
dependence of plasma vitamin A concéntration’ on ’protein
nutritional status makes it difficult to assess adequacy of
provision 6f vitamin A.v Lowry et al (1978) found that 2 patients
continued to have low levels of plasma vitamin A forllo days,
despite receiving daily infusions of 720 ug and 860”ug vitamin A
respectively. Héwever, Nichoalds. et al (1977) demonstrated that
serum vitamin A concentrations can be réised to the normal range
by giving 1,300 pg/day, whereas a similar regimen providing 1,000

pg/day failed to achieve normal serum vitamin A levels. Most of
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our patients had positiye N balance especially when RBP and
" retinol increased. Although our patients had vitamin A sﬁp—
plements the acute-phase response is greater and is usually the
dominant effect.  This appeared to be even stronger than in long
~term IVN patients, because the blood collected after injury and
infection had higher CRP concentrations. |

Peterson et al (1974), Smith. et al (1975) suggested
that malnutrition, disease and low‘ diét protein, affect
utilization, transportation and storage of vitamin A as well as
the coftespondinﬁ carrie{ protein frém liver. Although these
patients reported here were receiving nutritional support pre-and
post—oéeration, the deérease in RBP in some cases may be due to
trauma or sepsis which change the concentration of RBP rapidly,
because of its short half-life and as a result of the aute phase
response. Assessment of vitémin A status in such patients is
therefore not possible using plasma measurements alone, and
estimates of tissue content, eg from liver‘biopsy is probably

necessary.
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3.2.5) Studies on animals

3.2.5.1) Effect of vitamin A free diet on rats

Male rats (55-75 g) were studied in the Department of
Surgery, Hope Hospital, Salford. They were initially fed on
complete diet with a vitamin A:supplement, until they were 3
weeks old to ensure relatively large initial liver vitamin A
storage and to make 'them‘ familiar with ’the experimental‘
conditions. Forty rats were put on a vitamiﬁ_A—free diet and 40
rats on complete diet (control). Five rats wege killed from both
deficiency diet group and cgmplete diet group each_week from week
1 to week 8. Rats were‘anaesthetised with fluothane and a blood
sample collected by cardiac puncture into 0.3 ml heparin. Liver
was removed and frozen until réquired for analysis. As part of
another study 0.3 ml dextran was added per 1 ml blood, left at
37°C (in dark) for 30 min, then the plasma/dextran fraction was
removed, centrifuged to remove leucocytes and then frozen in
0.5-1.0 ml aliquots until analysis. fable38 shows the
compositionvof the diet fed to the énimals énd compared with
those used by other wprkers.

Results

‘No difference was seen in weight gains of ratsbfrom
control and deficiency groups as was shown in Figure 43. ‘This
finding confirms earlier observations by.other investigators
(Morita and Nakano, 1982). Changes in the serum levels of
retinol in each dietary group are shown in Figure 44. Serum
retinol levels decrease in both groups, but in the deficiency
rats the decrease was greater and more rapid with a significant

difference ofvp < 0.001 between the groups. The fall in the



TABLE 38

COMPOSITION OF THE DIET FED TO RATS, AND
COMPARED WITH OTHER STUDIES

1% 2 3%%

r .

Ingredient g/kg g | g/kg

Casein 'essentially +

vitamin free' 250 240 | 200

Rice Starch (BDH) | 660 659 | 700

Briggs salt mix (BP) | 40 50 60

Corn oil 20 30 | 20"

Choline dry mix

(207 choline chloride

pre-mixed in corn

starch) - 10 -

Vitamin A (acetate) 3.0mg | 10 10

Water soluble

vitamin 8.5 ¢g 10 -

Crude-protein - A

content (N x 5.7) - - 150

*  Morita and Nakano (1982)

2  This study (1984)

%% Muhilal and Glover (1974)

Soya bean meal A

Arachis oil containing (per kg) Vit D, E
and phyloquinone

++
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Figuré 43: Weight of rats fed on a normal diet (+) and on
vitamin A-free diet(*). The value represents
the mean weight in each week.
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Figure 44: Serum :etinol of rats fed on normal diet (+) and
rats fed on vitamin A-free diet (*). The values
are mean + 1SD. : :

n = 5 for each group except week 8 deficiency group
and control group n = 2
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control group is not significant between week 1 and week 6. the
increase after week 7 in the deficient group and the decrease in
‘ the control group may be artefacts, because at the end of week 8
only two rats were left in each group. In the control group, the
total liver content of retinoi gradually increased throughout the
ekperimens, whereas it decreased rapidly in the deficiency groﬁps
and reashed undetectable levels by week 2 (Figure 45) .

Figure 46 shows the relationshié between mean serum
rstinol and mean weight of animai in both control and deficiency
groups. The heavier the.animal becomes the lower the serum
retinol levels.

Figure 47 shows the correlation between mean of ssrum
retinol and.total liver retinol.‘ In general, the higher the
amount of retinol stored in the liver, the lower the levels in
serum.

Ciinical signs of vitamin A deficiency were absent. The
animals looked entirely healthy with no changes to their eyes or
fur. The only complications were rather sudden death and the
development of respirstofy distress. Post-mortem examinations
were done by the Veterinary School in Liverpool,bEngland on a
reasonable selection of the rats who died, and the cause‘of death
'Qas bronchopneumonia, although the organisms differsd widely.

Discussion | |

The growth rate, liver and serum concentrations in this
study agree with those of Morita and Nakano, (1982) who also

found that animals grew well on a vitamin A-free diet,
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Lewis et al (1972) believed that plasma tends fo resist
to a certain exteht, any changes in its vitamin A concentration
despite wide variations in the amount stored in the liver. While
stores remain in the liver, retinolv,is maintained in plasma andv
resists any change in concentration in the diet. Although there
was a slight tendency for plasma retinol to fall in the control
animals, overall the conce;'ltration was well maintained during the
study. The fall in plasma retinol appearea to 5e related to an
accumulation of retinol in the liver,. whilst the animal was
growing. In the deficiency groups the plasma level decfeased to
a low level when the amount in the liver was undetectable.

Glover et al- (1947) found that plasma vitamin A levels
~in rats are proportional to the concentrationl of vitamin A
alcohol in the liver, and not proportional to the toial liver
stores of vitamin ‘A which consist mainly of esters. Plasma
vitamin A levels are maintained near normal, even when liver
stores approach exhaustioﬁ.

Ganguly and Krinsky (1953) used several groups of male
rats . ‘receiving \}arious diets and supplements. Despite the
variation of the liver vitamin A alcohol, the plasma vitamin A
alcohol remained constant. Only in the group of rats 2 months
0ld fed a vitamin A-free diet were the liver vitamin A alcohol
and plasma vitamin A undetectable. The results in this study are
similar to those of Robison et al (1980) who found that after 14
weeks of deficiencé of vitamins A and E, plasma and liver vitamin
A were undetectable. 1In contras‘t, in the present ‘study, liver

vitamin A was undetectable after only 2 weeks on vitamin A-free
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diet in 3 week old rats. The explanation for this is not clear,
but it may be related to the rapid rate of growth of these
animals. |

Another explanation of ﬁhis is that the liver plays a
central role in maintaining blood retinol levels. Vitamin.A[ié
stored in liver for supplying tissue needs, when the dietary
intake of vitamin A decreases. The liver also synthesises
retinol carriér proteins to circulate sgored retinol t§ the
tissues. Morita and Nakano (1982) examined the concentration of
vitamin A in kidney and qther tissues at the same times they
measured vitamin A in liver and plasma. They found that vitamin
A concentration increased in the kidﬁey.‘ They suggested that
perhaps the kidney was playing an important role iﬁ storing the
vitamin A, when the exogenous supply to animals decreased. High
(1954); Peterson et_al (1973), suggested that vitamin A
accumulated in this organ may be re-circulated into blood. 'fhey

‘suggestedbalso, that retinol may be releésed from its cérfier
protein in the kidney, where the carrier protein is catabolised,
and tﬁen re-circulated to the blood. Kidney was not examinea in
our study. .

Resistance of these animals to infectioﬁ was reduced and
this may be related to the bronchopneumonia and death (Section
1.7).

 Scrimshaw et al (1968), Gruber et al (1976), suggested .
that the susceptibility to infection in vitamin A—deficiency:'
appears to be due at least iﬁ part to an inability of epithelial
cells to synthesise the secretory component of secretory-Iga,

such that local immune responses are impaired.



85

It is interesting to note that despite a vitamin A-free
diet, rats could still grow at a normal rate for the duration of
the study. However, in such énimals; iiver stores are rapidly
depleted but no physical signs werevapparent up to 8 weeks. Since
these rats had a low serum and liver_vitamin A, it is probable

that a deficiency state would develop if the study was continued.
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3.3) CANCER STUDIES

3.3.1) Studies on patients

3.3.1.1) Concentration of serum retinol, cholesterol and tri-

glyceride and relation to colorectal cancer

A random sample of 70 persons with no known ill-health and
between the ages of 40 and 86, born in the Eastern District of
Glasgow were studied. A further 70 patients with a history of
colorectal cancer, and born in the same‘distfict were also
studied. A fasting blood sample was taken‘from both groups. In
the colorectal group the blood samples were taken between 7 days
and 12 years (median one year) post ope;ations. At the same time
a medical history was obtained, including age, sex, height,
weight, any personal or family history of cancer, heaft disease,
diabetes or ﬁypertension, occupation, smoking and drinking
habits, exposure to drugs and medication (carried out by local
General Practitioner). Blood samples were analysed for serum

retinol, total cholesterol and triglyceride.

. Results
The 70 patients had mean serum retinol levels slightly

lowef than control with p < 0.01 (t-test). The difference between

males with treated cancer and controls was also significant (p <
0.01). There was no significant difference between the serum
retinol concentration of females with treated cancer, and controls
(Table 39). Male controls had a highér serum retinol value than.
females (ﬁ < 0.05). There was no significant difference in serum
;etinél between smbking (20 cigarettes/day),and non-smoking in.

control subjects (Table 40).



TABLE 39

SERUM RETINOL IN SUBJECTS WHO HAD BEEN TREATED FOR CANCER

AND CONTROL (mean *+ 1SD)

35

Subjects | No. of No. of Cancer Control
Cancer control (umol/1) (umol/1)
patients | patients '

- Total 70 70 2.7¢1.1 3.2+0.9

Male 35 27 2.7%1.2 3,421, 1

Female 31 2.6%1.0 2.9+0.8




TABLE

40

COMPARISON BETWEEN SERUM RETINOL OF SMOKING AND NON-

SMOKING CONTROLS

(mean * 1SD)

Subject | No.-of No. of Smoking | Non-smoking
| smoking | non-smoking (umol/l) (umol/1)
subjects | subjects
Total - 26 16 3.0£0.9 3.4%
Male 14 6 3.3£0.9 | 3.7#1.
Female 12 10 2.8+0.7 3.240.
41

TABLE

THE EFFECT OF AGE ON SERUM RETINOL IN CANCER PATIENTS
AND CONTROLS (mean * 1SD)

Age No. of No. of Cancer Control
Cancer Control | (umol/1) (umol/1)
patients | patients

< 50 24 2.7£1.2 L1+1.0

51-60 22 2.6%1.1 3. .

> 60 31 12 2.4%1 .1 3.0x0
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Age also did not afféct the results since there was no
significant difference between different age groups (Table 41).

Tables 42-44 show the comparison between serum
cholestero; in cancer cases and contrdl patients‘and the effect
of smoking and age. No significant difference was found between
cancer cases and controls in any comparison.

Tables 45-47 show no significant difference in serum
triglyceride between cancer patients and céntrol and no effect
of sex, smoking and age respectively.

Figures 48-53 _§how thg correlation between serum
retinol and total éholesterol, serum retinol and triglyceride and
triglyceride and tétalicholesterol in both control and cancer
patients respectively. Poor correlation wés found in both groups
(Table 48).

Correlation of r = 0.5 (p < 0.001) was found between
total serum cholesterol and serum retinol in canéer patients.

Patients who had metastases in liver had significantly
lower serum retinol and cholesteroi than cancer patients without
metastases (Figures 54,55 and Table 49).

Figure 56 shows the lack of relationship between serum

retinol and the time of diagnosis (r = 0.2) in all cancer

patients;i S » ’ ‘There is;é poor corféiagibn R

between serum retinol,rtotal cholesterol'and the time from
diagnosis r = 0.6, r‘=:0.5 respectively in metastases cases.
Most patients with metastases show low serum retinol and
cholesterol, with significant difference of p < 0.01 from no
ﬁetastases and control. Héwever, their blood samples had mainly

been taken 7-15 days post-operation. On the other hand, most of



TABLE 42

COMPARISON IN TOTAL SERUM CHOLESTEROL BETWEEN CANCER

PATIENTS AND CONTROL (mean * 1SD)

Subject No. of No. of Cancer Control .
cancer control (mmol/1) (mmol/1)
patients | subjects

Total . 64 63 6.0£2.1 5.9%1.1

Male 32 27 5.7+2.3 5.8+0.98

Female 32 31 6.2+1.8 | 6.0%1.2

TABLE 43

COMPARISON BETWEEN TOTAL SERUM CHOLESTEROL IN

SMOKING AND NON-SMOKING CONTROLS (mean * 1SD)
Subject No. of No. of smoking non~-smoking
smoking non- (mmol /1) (mmol/1)
smoking
Total 26 16 5.8+1.1 6.2£1.1
TABLE 44

EFFECT OF AGE. ON TOTAL SERUM CHOLESTEROL BETWWEN CANCER

PATIENTS AND CONTROL (mean * 1SD)

Age No. of No. of Cancer Control
cancer control (mmol/1) (mmol/1)
patients

< 50 2 24 1.2 5.8%1.1

51-60 7 22 0£2.7 6.1£1.3

> 60 29 12 5.9%£2.5 5.7+0.8




TABLE 45

COMPARISON OF SERUM TRIGLYCERIDE BETWEEN CANCER

PATIENTS AND CONTROL (mean + 1SD)

Subject No. of -No. of Cancer Control
Cancer Control (mmol/1) (mmol/1)
patients

Total 64 63 "1.9+0.9 1.6%£1.2

Male 32 27 1.9%1.0 1.520.6

Female 32 31 1.9+0.8 1.6£1.5

TABLE 46
EFFECT OF SMOKING ON SERUM TRIGLYCERIDE ON CONTROL
(mean * 1SD) : <
Subject }| No. of No. of Smoking Non-smoking
smoking | non-smoking (mmol/1) (mmol/1)
Total 26 16 1.4£0.6 | 1.420.6
TABLE 47

COMPARISON OF THE EFFECT OF AGE ON SERUM TRIGLYCERIDE
BETWEEN CANCER AND CONTROL (mean + 1SD)

Age No. of No. of Cancer Control
Cancer Control (mmol/1) (mmol/1)
patients

< 50 2 24 1.6£0.0 | 1.3%0.6

51-60 7 22 1.8%£0.8 1.8%1

> 60 29 12 1.7¢0.9 | 1.6%0.7
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TABLE 48

CORRELATION BETWEEN SERUM CHOLESTEROL, TRIGLYCERIDE
AND SERUM RETINOL IN BOTH CANCER PATIENTS AND
CONTROL PATIENTS

Cases Cholesterol _Triglyceride Cholesterol
v v v
Retinol 1 - Retinol : Triglyceride
Control r = 0.4 r = 0.3 r = 0.3
: p < 0.001 p < 0.01 p < 0.02
Cancer r = 0.5 r = 0.2 r = 0.2
p < 0.001 p < 0.05 p < 0.05
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TABLE 49

COMPARISON OF SERUM RETINOL AND CHOLESTEROL BETWEEN
METASTASES AND NON-METASTASES (Mean % 1SD)

Subject Metastases Non-Metastases
Retinol (umol/1) 1.6 £ 1.6 2,5 £ 0.9 p < 0.01
Cholesterol (mmol/1) 4.1 £ 1.3 6.5 £ 2.0 p < 0.001
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the patients without metastases at operation had samples takeﬁ
later in the post operation period (Figure 59) and there was no
correlation between serum retinol and time after.opgration, and
with no significaﬁt differ;nce of control. —
Discussion

Taken overall there appears to be a relationship between
low serum retinol levels and.patients having had a previous
operation fér colorectal cancer. Table 39 shows that cancer
cases had lower serum retinol tﬁan control (p < 0.01) and this
relationship is independgnt of age, smoking habit or seruﬁ
‘triglyceride concentration. Liver metastases were found to be
associated with lower serum retinol levels and’lowéfvcholesterql
if compared to 'no metastases' patienté.v ﬁowevet, closer
exaﬁinétion of the patient population éhows that the metastases
gfoup of patients Qere primarily sampled invthe early post—f
operative period, whereas the non-metastases groups were sampled
over a more prolonged périéd (up to 12 yearg) jfoilowiné'
V(operation. Thié'reflects the much better prognosis in the 'no
metastases‘group'. The main reason for the low serum retinol in»
the metastasis group is therefore-probably>én acute phase
response to the surgery; When the samples taken within 1 month
of operation are excluded, then the serum retinol on the
remaining cancer patients is not siéhificantly different from the
control populétion. Patients who have previously developed a
colérectal cancer do not therefore have a long-term underlying
abnormality in serum retinol. It is iﬁportant to know that 'no
metastases' group of patients had already undergone removal of

their carcinoma, and were believed to be free of neoplastic
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disease following surgery, when the blood samples were collected.
In addition, these patients were not undergoing any other kind
of therapy, eg chemotherapy or radiotherapy. There was a
correlation of r = 0.6 and r = 0.5 between low serum retinol and
low cholesterol respectively with time of diagnosis. These
findings appeared in blood samples collected_? to 15 days
post-operatively. Basu- et al (1985) investigated serum retinol
. levels and RBP in post-~operative éolorectal.cahcer patients. He
found that plasma retinol levels in the post operative disease-
free colorectal cancer.patients were lower than those in normals.
This finding was confirmed ih the present study (Table 39}.
Furthermore, the initial plasma retihol»level in coﬁjunction with‘
RBP was found to be lower in patients who subsequently had‘cancer
recurrence than in those who remained free of apparent cancer.
They found low serum retinol levels and low RBP and a correlation
between poor metabolic vitamin A sratus and subsequent relapse.
All these observations may have prognostic and predictive
‘significance in colorectal cancer. |
Thé difference in serum retinol between céncer patients
and controls in the early post oﬁerative perioa appeared to be
greater in males than in females. A similar osserVations was
found by Wald et al (1980) in patients with lung cancer,
Ten out of eleven retrospective studies (Kummetrand
- Meyskens, 1983) concluded that léw levels of serum retinol
existed in the cancer population. The difference between cancer
cases andrcontrols ranged from 0.1 pmol/l to 1.7 pmol/1l with an

average of 0.7 pmol/l.



90.

The only correlation we found was between serum retinol
and total cholesterol (r = 0.5) in cancer patients (Table 48) and
this correlation disappeared if samples taken within one month of
operation were excluded. These cancer patients already had
surgery, but some had low serum cholesterol especially those who
had metastases and had blood collected 7-15 days post operations.
This could be a response to the cancer process. In pre&ious
studies, the relationship with cancer was.stronger with sérum '
retinol than with cholesterol. Kark et al (1982) éuggested'that
the association with chélesterol might be secondary.

It is however more likely that the acute phase response
éccounts for the lower serum cholesteroi observedvin patients
with metastases. Serum apolipoprotein B is knéwn to decrease as
a result of operdtion (Balléntyne 55_31 1979) . Therefore. it
cannot be concluded frbm this stud§ whether a low serum
cholesterol is associated with metastases.

Triglyceride did‘not héve any association with either

serum retinol or cholesterol or occurrence of cancer.

Further studies were carried out (in the Department of

Genetics,'Univefsity of Aberdeen) on the genotype of lipoprotein
in controls and relating this to fhe risk of cancer. There was
no relationship with age, sex (except HDL2 in females). For the
same genotype there were small, but statistically significant
relationships with cigarettes and/or alcohol consumption. ‘The
~most remarkable feature found was a neéative correlation between

serum retinol and HDL2 concentration in females. Why a relation-
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ship was found between HDL2 and retinol in females, although
there was no such relationship found in males, may be due to
other factors in females affecting such a relationship.

Adams et al (1985) studied the association of lipo-
protein cholesterol with vitamin A. They investigated the
vrelatiénship'between serum carotene and cholesterél in multi-
racial groﬁps of'college volunteers. These results were
consistent with the hypothesis that the assoéiation beéweeﬁ serum
cholesterol concehtration and cancer may be the result of‘a
’ relationshié betweén lipopr?tein cholesterol concentration and
vitamin A metabolism. As indiéated, the association is likely to
be indirect between low serum cholesterol and cancer risk. One
possiblé mediator is carotene. The lipoprotein subfractions are
involved in the transport of carotene. Simpson and Chichester
(1981) found more than 50% of the carotenoids in the low-density
lipoproteins (LDL) and the remainder in HDL. The evidence of a
relationship bet&eén cholésterol concentrations and cancer has
implicated primarily total cﬁolesterol and LDL cholesterol and
-not HDL cholesterol,

Undoubtedly, multiple factors contribute to the develop-
ment of cancer. Additional epidemiolOgical>and experimental
studies are needed to assess the relatidnshipé among vitamin 3,
cholesterol and cancer risk to clarify the mechanisms involved,
and to distinguish the role of vitaﬁin'A in the aetiology of
‘cancer. Further study is required to elucidate the exact
relationship between vitamin A and its transport protein with

epithelial and non epithelial tumours (Tyler et al 1985).



or- whether the

1~:_'fetiﬁolfﬁith:HQL?~in females is worthy of further study.



93,

3.3.1.2) Determination of serum retinol in patients with oral

diseases

Patients from the Dental Hospital out-patient department
(Glasgowj with disease of the mouth were studied. 'Biopsy of the
mouth lesion was takén at the same time as a venous blood sample.

Histology indicated that 19 patients had oral cancer, 11
leukoplakia of the oral cavity and 7 Crohn;s disease. Forty-five
individuals with no oral lesion were studied to establish the
normal levels of serum retinol and vitamin E in this population
(Table 50). . |

Figures 60 and 61 and Table 50 shows mean serum
retinol and vitamin E levelé in each grohp. There was no
'significént difference in serum retinol between patients with
oral cancer or leukoplakié and normal subjects, while there was a
significant difference between patients with Crohh's disease and
normal subjects (p < 0.001). For serum vitamin E there was a
significant difference betwéen normal and cancer patients (p <
0.01; Mann-Whitney'test).

If we group these cases according to whether the serum
retinol is below or above 2 SD of normal subjects, 20% of cancer
cases show low values, whereas 57% of Crohn's disease'patients
had seruﬁ retinol 1évels below the normalkrange (Table 51).

Discussion

The results obtained show thét there were no significant
differénces in serum retinol between oral cancer or 1eukoplakia
and normal cases, althougﬁ it was éxpected that lower levels of
serum retinol may have been associated Wiﬁh oral cancer and

leukoplakia (a lesion which might progress to cancer).



TABLE 50

SERUM RETINOL AND VITAMIN E IN DIFFERENT DISEASES OF ORAL CAVITY
‘(mean * 1SD) — '

Case No. of cases | Serum retinol | Vitamin E
“studied (umol/1)" (umol/1)
Normal 45 2.58i0.69 ’ 29.0£49.2
Cancer 19 2.39+1.24 | 11.7+9.3
Leukoplakia 11| 2.45:0.93 | 22.3:8.9
Crohn's Disease 7 1.5%0.55 I 18.7%5.5
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TABLE 51

INCIDENCE OF .ABNORMAL SERUM RETINOL

Case Low Normal High
Normal 2(4%) 43(96%) -
Cancer 4(217) 14(747) 1
Leukoplakia -0 10(90%) 1
Crohn's Disease 4(57%) 3(437%) -
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Moore (1967); Toyoshima and Leighton (1975) described
that the deficiency of vitamin A causes keratinization or
sguamous metaplasia of mucous epithelia in which mucous membrane
change from single layer of mucin-secreting and ciliated
epithelium to multiple layers of epithelial cells, with overlying
keratin, resembling those‘of skin. Patients became unable to
take their food properly and so the? werevundernourished. Whére
squamous metéplasia occurs there are gr;unds for suspecting
increased risk of cancer development;

Abels et al (1942) studied in his patients the patho-
" logical changes associated with papillary atfophy of the tongue
and oral leukoplakia. The hepatic dysfunction and abnormalities
of the gastrointestinal tract were considered to be factors which -
might contribute tovthe existence of a dietary deficiency.

Wahi et al (1965) showed that 76.2% of oral cancer
patients had subnormal levels of vitamin A. These low serum
levels of vitamin A may have béen the result of improper
nutrition. ﬁoweve:, onekhas>to kéep in mind the possibility ﬁhat
hypovitaminosis A may be due to the presence of‘tumour itself.
Wani et al (1958) suggested that dietary deficiency of certain
factors may be an important cause of oral cancer.

Previéus workers carried out most‘of their studies in
poor countries, and used spectro-analysis and Carr-Price method
for vitamin A analysis (Wahi et al 1962; Wahi EE_Ei'V1965;
Ibrahim et al 1977). Most studies suggested that dietary

deficiency is associated with oral cancer.
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In the present study no clinical evidence of vitamin A
deficiency was observed, which might lead to increased risk of
pral cancer. Moreover, no differences were found in serum‘
retinol between these groups and nérmal grodps and only 21% of
cancer cases showed serum retinol below normal.

In the Crohn's disease group, 57% of patients had serum
retinol below normal. There was however, no élinical'evidence of
vitamin A-deficiency. Dark-adaptation testihg was not done here.

Full nutritioﬁal assessment was not performed, so it is not
known if these patients alsg.had>protein 6r energy malnutrition.
" The serum vitamin E in the Crohn's patients are mainly Qithin the
-normal range, so fat malabsorption did not occur, suggesting that
the low serum retinol is due to. protein malnutrition. On the
other hand, cancer patients did show significant differences from
normal in vitamin E (p < 0.01). This has been previously
observed in some cases of breast cancer, but the significance is
not clear (wald et al, 1984). 'Main EE_El (1983) sﬁowed a close
relationship betwéen vitamin A and protein, andkthe importance of
protein nutrition for transport of serum retihol té its target
tissues. They showéd that vitamin A-deficiency poses a signifi-
cant clinical problem in severe Crohn's diseaSe. Our data show
low levels of serum retinol, so‘there is a risk of developing
vitamin A deficiency. Vitamin A supplements may be required in
these patients. Depending on the degree of small.intestinal
involvement in Crohn's aisease,’protein supplements may also be

required.



96.

3.3.1.3) Estimation of vitamin A in liver biopsy'and serum

Liver biopsies were taken at operation,with the fully
informed consent of the patient,from 23 patients aged from 29;83
years undergoing abdominal surgery for various disease states. The
protocols were approved by the Hospital Ethicai Committee. Eight
patients had benign disease and fifteen had neoplastic disease.
Biépsies were sfored at =20°C until analysis. TéééiMQIEémin A as
well as retinol ester was analysed. A venous blood sample was

withdrawn before operation to estimate retinol in serum. Table 52

shows the concentrations of vitamin A in liver and serum.

Therevwas no signifiéant difference between fotal
control and total cancer patients with respect to liver concen-
tration of total vitamin A, retinol or;retinol esters, or in
serum retinol (Table 52 and Figures 62-64 respeétively)

Considering patients with rectal cancer only, serum
retinol was significantly different from controls (p < 0.05).
There was also a significant differenceih serum retinol between
control and cancer females (p < 0.01) while there was no such
difference bet&een,males and females‘in both éontrol and cancer
groups for total vitamin A in liver or sefum (Table 53).

There was no correlation betweeﬁ age and serum retinol
or vitamin A in livef. | |

There was a poor corfelation between total vitaﬁin A in
liver and serum retinol in cancer cases (r = 0.5) (Figure 65)
and in controls (r = 0.3) (Figure 66). There was however, better
correlation between free retinol in liver and serum retinolvin
control cases (r = 0.8) (Figure 67) , but no similar cdr:elation

in cancer cases (r = 0.3) (Figure 68).
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Figure 62: Total vitamin A in liver from patients with
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TABLE 53

COMPARISON OF LIVER AND SERUM VITAMIN A IN FEMALES AND
MALES WITH OR WITHOUT CANCER.. MEDIAN (RANGE) o

Sex No. | Total Vitamin A in liver Serum Retinol (umol/1)
(ng/g) :
Control (C) Cancer (Ca) Control Cancer
Female 3C 1094 667 3.5 0.9
' 6Ca | (800-3900) (88-2357) (1.0-4.0) | (0.6-1.6)
NS NS NS NS
Male 5C 550 860 1.9 1.7
9Ca (458-1000) (125-2363). (1.0-3.6) (0.5-4.4)

Ca = cancer

c
NS

= control 7
= No signifcance between male and females
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Figure 65: Correlation between serum retinol, and total
' vitamin A in liver in patients with malignant
disease o
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Approximately 70% of patients had a liver content of

~~

”iJVitémin~A around 0-1000pg/g, while 30% had values higher than

S EX e SN

1000 pg/g.

Histological examination showed hepatic metastases in

éqﬁe of the cancer patients. Table 54 shows median (range)‘of

“'serum retinol (pmol/1l), total vitamin A and free retinol in liver
- (ng/g) in patients with and without metastases. Figure 69 shows

‘mean serum retinol (pmol/l) in both metastases and no metastases

PRI

“groups. No significant differences were found

" Discussion

-

" ""Experiments on rats and other animals (Sherman and

Boynton, 1925; Kerppola, 1930; Moore, 1931) established that the

A”bédy's main stores of vitamin A are in the liver. So the hepatic

jconcentration will provide us with an index to the overall

vitamin A status. There have been many studies on liver biopsy

oo

 énHmb5é£ mortem samples (Table 55). A wide variety of vitamin A

" concentrations have been observed in normal individuals and in

w*Lﬁifferent diseases, Under normal conditions of viﬁamin A
;,guéfiéiency, 90% o; more of the total body reserve of vitamin A
A“isﬁétored in the liver and only 1-3% circulates in the plasma
~ (Moore, 1957; Raica et al .1972). So litﬁle correlatién would be
?fékéected between serum retiﬁol and total liver vitamin A, which
:we:gonfirmed in this study.‘ However, there was a correlation of

.r' = 0.8 between serum retinol and free retinol in liver in normal

cases, which may .-relate to transport of retinol.  This

correlation was not seen in patients with cancer.
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Neither benign surgical disease nor cancer showed any
effect on vitamin A levels in liver or on serum retinol. On the
other hand, the low values of serum retinol in the pre-operative
period found in rectal cancer may be due tp liver disease
leading to disturbance in mobilization or to protein deficiency.
Although most of the rectal cancer patients had metastases,
there was no significant difference between serum retinol of -
patients with metastases compared with non—ﬁetastatic cases (Fig
69). This contrasts with the significant difference found in
patients with metastases, who underwent colorectal cancer
surgery, but whose samples were collected in the early post-
operative period (Table 49).

Certaiﬁ individuals had lpwrlevels of vitamin A in liver
in our study. This was not necessarily aséociated with low serum
retinol. This is further complicated by the heterogenous
distribution of vitamin A in the liver (Amedee-Manesme et al 1984)
Similarly, patients with low serum retinol did not always have
low liver vitamin A. This could result from impaired protein
nutrition, or from an acute-phase reaction'to the tumour.

Therefore, liver vitamin A measurements are necessary as part of

the assessment of vitamin A status.
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3.3.2) Studies on animals

3.3.2.1) The effect of iron deficiency and experimental carcino-

genesis on vitamin A status in rats

Iron deficiency in common with other nutritional
deficiencies, causes widespread and diverse tissue change. 1In
regiens of the world where iron deficiency is a serious public
health problem there is often a high incidence of oral cancer
V(Prime et al 1983). Brown-Kelly (1919) and'Paterson (1919) were
the first to report the association between iron deficiency
aﬁaemia and post-cricoid carcinoma. Iron deficiency is reported
as causing epithelial atrophy, koilonychia, glossitis and
dysphagia. Prime et al (1983) investigated the suggested'
association between iron deficiency and developﬁeat of oral
squamoue-cell carcinoma in the rat. 1In a subsequent study he
investigated whether the influence of iron deficiency in
producing earlier tumour in response to carcinogenic application
was due to an effect on initiation or promotion. Aspects of
their studies wiil be reﬁorted here, in terms of vitamie A
status.

Vitamin A is well known forkits importance in general
growth and differentiation'of epithelial tissues, and its
deficiency has been shown to lead to metaplestic changes in the
epithelia of the respiratory, urogenital and gastrointestinal
tracts (Harris et al 1972; Wolback, 1954). |

In thie‘study we therefore investigated if there is an

association between carcinogenic application, iron deficiency and

vitamin A in serum and liver. Specifically, my role in

this study was to assist in collection of serum and liver samples
from the many different groups of rats, and to perform all vitamin A-

analyses.
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In Study I Prime. SE_Ei'(1983) investigated the effect
of iron deficiency on oral carcinogenesis by using 30 young adult
male Charles River white rats. These rats aged 6-8 weeks were
housed in polyethylene cages 2 or 3 per cage. They wefe divided
into 2 groups,iiron sufficient (Group 1) and iron deficient
(Group 2). In’ group 1, 15 raté were fed a specially-prepared
powdered diet with an iron concentration of approximately 140
mg/kg 6f diet (the iron ﬁsed was in the form of ferrous
sﬁlphate). Group 2, 15 fats received a similar diet with ironv
concentratioﬁ 12 mg/kg (National Academy of Science, 1978,
indicated that 35 mg/kg iron is necessary for growth). The diet
was prepared taking accountrof the other nutrients, carbohydrate,
protein, fats and vitamins. All animals received 15 g of diet
daily and had glass distilled water ad-lib. Blood samples were
collected from control animals in group 1on 6 occésions during
the course of the experiment in order to monitor the iron status.
It had been hoped that‘iron deficiency anaemia could be induced
in group 2 animals by dietary means alone, but after 8 weeks of
iron deficient diet the aniﬁals showed én average fall of only
1.56 g/d1 of haemoglobin. A regime of repeated bleeding was
instituted bofh to induce and to maintain further iron
deficiehcy. In group 2, animals were bled at 2-3 week intervals,
" but towards the end of the expefiment this was extended to 3-4
weeks. In total the iron deficient animals were bled on 13
occasions throughout the course of the experiment.

The éarcinogen application technique was that described
by Wallenius and Lekholm (19?3). All animals were treatedeith

.0.5% 4-Nitroquinoline-N-oxide in propylene glycol which was
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painted on the palate 3 times weekly. After the application of
carcinogen, the animals were followed up ;ill sacrifice. The
oral cavity of each rat wﬁs examined weekly. The results in iron
deficient and iron sufficient rats with and.without carcinogen
were compared.

In Study I all animals (Grodps 1 and 2) were painted
with 4NQO for most of the period of study while in studf II 60
animals were used and painted wiﬁh 4 NQO for 8 weeks (Groups 3
and 4) or 14 weeks (Groups 5 and 6) and were then monitore& until
40 weeks, when they were.sacrificed. ‘The protocol of the two
studies afe spmmarised in Table 56.

In Study I blood ahd liver samples were taken  at
sacrifice, while in Study II, blood was taken at the start of the
study, 1-2 weeks after 8 or 14 weeksof carcigogen application,
and at sacrifice, Liver was collected at the end of the
experiment (sacrifice). The effect of iron status, weight and of
carcinogen on vitamin A status was studied.

Results

| In Study I, the méanvﬁaemoglobin values of group 1 did‘
not change significantly from a'startihg value of 14.1.g/dl to
13.8 g/dl at‘the sacrifice. In gfoup 2 the mean haemoglobin
values at the starE bf the diet was not éignificantly different
from that of grdup 1. However, thé mean haeﬁoglobin of the
animals fell steadily until at the time of the first carcinogen
application it was 10.1 g/dl and by sacrifice it had reached 8.2
g/dl and was significantly different from group 2 (p < 0.0017) at
the time of first carcinogen application and at sacrifice. Both

groups developed similar squamous cell carcinomas, but tumour
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development was significantly earlier in iron deficient groups
mean 183 day (85-224) compared with control (iron sufficient
group) mean 229 days (174-257) with p < 0.02). Iron deficient
animals showed a Significantly greater incidence of tongue
tumours (p < 0.071) ‘and iron-sufficient animals (control) showed
a significantly éreater incidence of palatal tumours (p < 0.01)
(Table 57). |

The mean weights of animals in thé iron-sufficient and
iron-deficient rats throughout the experiment are shown in Table
58. .

Novsignificant difference in weights were found between
the two groups at the start ofbdiet, start of carcinodéh
application or at sacrifice.

Retinol in serum was measured at sacrifice only and all
rats showed a very low serum concentration. Tﬁere ‘was no
significant difference between iron sufficient and‘irbn deficient
rats in terms of retinol and sacrifice (Table 59).

‘Liver retinol and retinol palmitate were undetectable at
the time of sacrifice.

In Study II,‘the mean haemoglobin value of the»iron
sufficient group 3 showed a change from 11.2 g/dl at the start to
12f3 g/dl at sacrifice. .In the iron deficient group 4, the mean
haemoglobin values showed a change from 11.1 g/dl at the start of
the study to 7.2 g/d4d1l, at sacrifice with a significant
difference (p < 0.001) between the two groups at 1-2 weeks afterv

8 weeks carcinogen application and sacrifice (Tabie 60).
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TABLE 59

SERUM RETINOL IN GROUPS ‘1 AND 2 AT SACRIFICE (MEAN)

Group Iron No. of rats |Serum retinol at
status _ sacrifice (pmol/1)
1 +Fe 9 0.1 (4 animals)

<0.1 (5 animals)

2 ' -Fe 9 0.1 (6 animals)
<0.1 (3 animals)
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.There was no significant difference in the weights of
iron-sufficient and iron-deficient animalsat all time points
(Table 61). _Mean.serum retinol in both groups fell approxi-
mately 1.3 pmol/l by 1-2 weeks after 8 week carcinogen
application from the start of the experiment and continued to
fall to very low values at the time of sacrifice (Table 62).
- There was no significant difference in serum retinol between the
iron-sufficient and deficient group at any gime.

Figure 70 shows the change .in weight between the start
of experiment and 1-2 weeks.post carcinogen application plotted
against serum retinol in tﬂe iron-sufficient group. The
correlation was r = -0.8. There was also a correlation in both
‘§£6ups between the change in serum retinol and change in haemo-
globin from the start of the study to the end of carcinogen,
between end of carcinogen and time of sacrifice, and between
start of study and time of sacrifice and these correlations were
greater for iron-deficient rats (Table 63 and Figures 71 and 72).

| The mean haemoglébin in iron sufficient group 5 showed a
minimal change from 13.1 g/dl at the start of study to 12.9 g/dl
at sacrifice. In iron-deficient group 6 the mean haemoglobin
values showed a change from 13.9 g/dl ét the start of the study
to 8.0 g/dl at sacrifice with significant differencé of p < 0.001
between the two groups at 1-2 weeks post 14 weeks of’carcinogeh
application and at sacrifice (Table 64).

The iron sufficient group 5, was heavier than the iron
deficient group 6, both after 14 weeks of carcinogen application

and at sacrifice (Table 65, Figure 76) .
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Figure 70:- Correlation between serum retinol and change in

' weight. A blood sample was taken at start, and
1-2 weéeks post carcinogen in iron-sufficient rats
treated for 8 weeks, and the change in weight was
noted. : ‘ '
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DECREASE IN SERUM RETINOL (pMDL/L5,

Correlation between decrease in serum retinol
and haemoglobin. Blood samples were taken
1-2 weeks post carcinogen and at sacrifice-

~ in iron-deficient rats treated with carcinogen

for 8 weeks.
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Correlation between decrease in serum retinol
and in haemoglobin. Blood samples were taken
from iron-deficient rats at start and at
sacrifice (40 weeks) having been treated with
carcinogen for 8 weeks. '
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The mean. serum retinol dropped during carcinogen
Vapplication from the staft‘of the study (Table 66). Carcinogen
application for 14 weeks in iron sufficient rats led to a fall in
serum retinol from 2.4 + 1.0 pmol/1 to 0.3 + 0.4 pmol/1, which
‘was significantly lower than in iron sufficient rats of 8 Wgeks
application 2.4 + 0.4 pmol/1l, 1.1 + 0.5 pmol/l. The fall
continued and reached very low values at sacrifice in both iron
sufficient (0.16 pmol/l, 0.25 pmol/l) and iron deficient (0.17
.pmoi/l,'0,18 pmol/1l) groups with no significant~differencé
beﬁween' the two groups at any time.

There was a significant correlation in the change in
haemoglobin bet@een i-2 weeks after 14 weeks of carcinogen
application énd sacrifice plotted against the change in serum
retinol in the iron sufficient group (r = 0.7) but these changes
were very small- (Figure 73) Iron deficient aniﬁals showed a
correlation between the changes in haemoglobin between start of
the study and sacrifice plotted against the change of serum
retinol (r = 0.6) (Figure 74). |

Figures 75 and 76 show the weight of the two groups (3
and 4; 5 andv6) at 1-2 weeks‘after 8 or 14 weeks of carcinbgen
application respectively and at sacrifice. There is a signifi—r
cant difference between iron sufficient and iron deficient groups
5 and 6 (p < 0.001) but there was no difference between iron-
sufficient and iron deficient groups 3 and 4 at eiﬁher of these
time points. 1In group 4 the iron deficient rats were signifi-
cantly heavier at sacrifice than group 6 (p < 0.01) but no such

difference was found between iron sufficient groups 3 and 5.



SN - SN (9 ® ¢ dnoi)

20uedTJITUSTS

0 F8lL°0 - ¢°'0 ¥ 8°1 °d - Sl 9

0 F62°0 l'oF€0 |  €0FyC ad + s S
uotrjeoridde us3outroaed snijels siea

90T 31a0eg 31ae3g uoal | o °oN dnoap

3sod syoom 7-| 3191p JO

(WdS ¥ NVIW) SHIWIL INTYAIIIA IV 9

NV ¢ SdN0¥d ¥od (1/towrd) TTONIIHY WN¥IS

99 HIIVL




ﬂ’ .

Y

DECREASE IN HAEMOGLOBIN (G/DL)

1_
3

*
*

¥ ] ¥ 1 ] ] ] L) i i

] .02 .04 .06 .08 .1 .12 .14 .16 .18 .2
INCREASE IN SERUM RETINOL (HMOL/L)
Figure 73: Correlation between increase in serum retinol

and decrease in haemoglobin. Blood samples
were taken from iron-sufficient rats at

1-2 weeks post carcinogen and at sacrifice

(40 weeks) having been treated with carcinogen
for 14 weeks. ‘
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Figure 75: Weight of iron—-sufficient,and iron-deficient
animals at 1-2 weeks post carcinogen and at
sacrifice (40 weeks), having been treated with
carcinogen for 8 weeks.
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"Figure 76: Weight of iron-sufficient,and iron-deficient
animals at 1-2 weeks post-carcinogen and at
-sacrifice (40 weeks) having been treated with
carcinogen for 14 weeks.
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Figures 77-~79 show the mean weight, serum retinol and
haemoglobin values of all the exéerimental animals at the start
of the study, end of 8 or 14 weeks carcinogen application and at
the time of sacrifice respegtively.

No detecﬁable vitamin A could be found at sacrifice in
the liver of all animals treated with carcinogen. The values of
vitamin A in liver stored for one year of control male animals
fed on ﬁormal food at the same time as the éxperimentél animals
are shown in Tabie 67, in comparison with fresh liver from male
rats. The résults indicate that after one year of storage most
of the retinol palmitate has been converted to other retinol
esters or to freebretinol.'.It’is howevér readily détected by
sapoﬂification and measurement of total retinol.

In Study II, the scores which are an arithmetic figure
to produce the dégree of dysplasia, show that palate atypia
scores .in iron-deficiency animals were significantly higher than
the tongue atypia séores (less severe stage) in each group (p <
0.01). - Both atypia répresent pre-malignant stages.. Thevtongues
of most animals showed absent or‘minimalbdysplasia and no
differences wefe found between the groups.

The palaﬁes of animals péintea for 14 weeks showed
significantly higher atypia scores than animals péinted for 8
weeks in both iron-sufficient and iron-deficient groups (p <
0.003). There was no significant difference if comparison Qas
" made betweeﬁ the palatal atypia scores of the iron-deficient
animals with the corresponding iron-sufficient animals after

.either 8 weeks or 14 weeks of carcinogen application (Table 68).
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Table 69 shows a correlation between epithelial atypia
scores and serum retinol in both groups. The only correlation

found is between scoring in tongue and serum retinol 1-2weeks

post carcinogenesis in iron-deficiency rats painted for 8 weeks.

VGréﬁééggf‘iron—sufficient and iron-deficient male rats
without ca;cinogen were study as control. There was no signifi-
cant difference between the weight of animals or serum retinol in
the two groups or in comparison with control.rats fed on a normal
diet. Tabie 70 éhows the weight, serum retinol levels and
haemoglobin for thése rats._

Discﬁséion

In both studies, carcinogen had no effect on weight and
the animals gained weight ffom the start Qf the experiment until
sacrifice. There was no difference between the weight at the end
of the experiment compared with those of normal rats. Figure 70
shows an inverse correlation betﬁeen the increase in weight and
serum retinol (r = -0.8), in iron sufficient groups afte; 8 weeks
of carcinogen application. Th@s suggests that the more rapid the
rate of grthh; the greafer the fall inbsérum retinol. After 14
weeks this correlation was not observed (r = 0.1). This probably
results ffom the low plasma retinol seen in all animals after 14
weeks.

On the other hand, serum ;etinol dropped to very low
values at the time of sacrifice, and thé animals show a
remarkable'cﬁange from the Starting boint to 1-2 weeks bost
application period. The animals who were treated for 14 weeks
show a lower value of serum retinol than those treated for 8

weeks. Carcinogen had no effect on weight of animals in both
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TABLE 70
WEIGHT, SERUM RETINOL AND HAEMOGLOBIN OF CONTROL RATS

(MEAN + 1SD)
No. of | Iron Weight at | Serum retinol | Haemoglobin
rats Status sacrifice (pmol/1) (g/d1)
(gm)
5 +Fe 331 £ 35 1.4 £ 0.3 14.0
5 ~Fe 343 £ 20 0.96.+ 0.3 6.6
6 Control | 340 1.6 £ 0.4 -
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iron-sufficient or iron-deficient groups, and no changes were
found when compared with the non-carcinogen group of rats.
However group 5 of ifon-sufficient rats became heavier than
group 6 iron-deficient rats, whereas this was noﬁ observed
between group 3 iron-sufficient and group 4 iron-deficient, which
were treated similarly except for longer periods of application
of carcinogén in groups 5 and 6. All aﬁimals had undetectable
liver vitamin A at sacrifice perhaps because.thé animals used it
to increase growth rate.

-Only 2 of the ani@als developed a tumour, squamous cell
carcinomas arising in the treated epithelium. Both of these were
in the palates of iron-deficient animals, one of which had
received carcinogen application for 8 weeks and the other for 14
weeks, and all other animals were in a pre-malignancy state.
‘Prime et al (1986) found that iron status did not affect either
initiation or promotion. He explained the failure to demonstrate
this effect possibly since termination of the experiment after
40 weeks gave insufficient follow-up time for differences between
the groups to become apparent. It wbuld be wrong on the basis of
this experiment to suggest iron-deficiéncy wasvnot influencing
initiation or the stage of promotion prior to the development of
recognisable tumours. It is also possible, however, that the
influence of iron-deficiency‘ is in 'thg later stages 6f
carcinogenesis where the depressed cell mediated immunity known
to be present in iron deficiency (Joynson.et al 1972) may play a

role in allowing overt malignancy to become manifest.
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The iron status did not affect overall mean vitamin A
concentration either at the end of carcinogen or at sacrifice.
However, there was é correiation betweeﬁ the decrease in serum
retinol and the decrease in haemoglobin (Figs 71, 72 and 74) and
the correlation was greater for iron deficiency animals, while
Figure 73 showed increase in serum retinol against decrease in
h;emoglobin in iron sufficient groups. One explanation for this
may be that the low levels of serum retiﬂol éccur due -to the
téchnique used to make the animals iron deficient which may have
caused a deficiency of nutr}ents other than iron. However, care
was taken to ensure that the diét was sufficient. It is also
possible that iron is required to maintain serum retinol. Mejia
and Arroyave (1982) found in experiments a very highly
significant positive correlation (p < 0.001) between the change
in serum retinol and the change in serum level of iron (r = 0.6).
On the other hand, retinol may be used up, in some way when
énimals are iron deficient. This is likely to be an effect of
carcinogen rather than iron status, because no correlation was
found in iron défiﬁiehcy animals without garcinogen between the
change of serum retinol and haemoglobih.

It is very difficﬁlt to explain the relationship between
‘cancer and vitamin A in geheral, due to the different factors
which affect this relationship. Further studies are needed.
Sporn and»his team (1976 and 1977) showed that high amounts of
retinoids administered during the last period of tumour develop-
ment‘can drastically lower tumour incidence. Here the retinoids
act more like pharmodynamic than nutritional substances. This

may explain why low serum retinol and liver vitamin A were found
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in our studies, although we have supplied the animais with
vitamin A containing diet. ©Nettesheim and Williams, 1976;
Ssiddik et al, 1980 showed that vitamin A deficiency stimulated
lung carcinogenesis induced by polycyclic hydrocarbons, possibly
by altering the activities of enzymes involved in the metabolism
of the carcinogens. There have been few studies showing the
effect of low body vitamin A status oﬁ the enzymes involved in
the metabolism of chemicel carcinogens ie liver. This may be
-relevant tokour‘study.

The main feature of the pfesent study is that retinol
appears to have been exhaustively used up by the animal in
response to the carcinogen. This loss of retinol from the liver
occurs before visible oral tumour occurs. It may therefore be
concluded that retinol is rapidly used up during growth of the
animal, either during normal circumstances (Section 3.2.5.1) or
when exposed to a carcinogen. Carcinogen however, leads to
further requirements for retihol. It would therefore be of great
interest to determine fheveffect of large vitamin A supplements

on the rate of tumour development.
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4) DISCUSSION

4.1) GENERAL DISCUSSION

The assays described in this stuay for anélysis of
retinol and its metabolites have several advantages over other
currently available aﬁd widely used methods. 1In particular, use

-of HPLC provides the specificity lacking in most other methods.
Other workers have used different mobile phases and extraction
procedures as well as different chromatographic techniques
(Section 2.1.3). Many of these methods have been investigated
during ﬁhe course of this study, but we were unable to achieve
satisfactory accuracy and specificity. As far as we know, all
previous studies did not achieve a separation of retinol and
other metabolites at the same time using an isocratic HPLC
system. Sepafation has been achieved in gradient HPLC system by
Amedee—Manésme et al (1984) ; Roberts et al (1978) but this leads
to some értifactual peaks at solvent changes and also requires a
mqre complex and expensive HPLC system.

Great care was taken during theipresent_study to ensure
that ali retinol metabolites were separated. It can therefofe be
confidently concluded that normal human or rat serum, and also
serum from humans' and animals with certain forms of cancer do not
have any detectable fetinoic acid or retinal in the serum. This
will facilitate future studies on the effects of .retinol

analogues in prevention or treatment of certain cancers.
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Although this assay could separate retinal sufficiently
to permit the conclusion that it was not present in biological
samples, it was not possiblé to obtain good recoveries. Further
studies would be hecessary if accurate quantitation of retinal is
needed in otﬁer investigations.

This specificity’has also led to greater accuracy in
analeis of retinol. Most other methods are subject to inter-
ference, and the commonly uéed fluorescence method has been found
to produce results which correlate poorly with specific results
achieved by HPLC. This i's because the fluorimetric method is
less accurate sincé it does not diﬁferentiate between retinol,
its metabolites and other interfering substances or drugs fTables
4 and 34). |

Despite this poorer specificity of the fluorimetric
method, in many cases, the HPLC results wefe higher than the
vfluorimet;ic ones., This slightly surprising resuit is probably
due to inefficient extractioﬁ of retinol during the fluorometric
method and also to quenching of the fluorescent signal (Thompson
et al  1971). | |

All of the analyses described can be performed on one
column, using a simplevisocratic system, only a slight change in
solvent being required fér analysis of all retinol metabolites.
It should therefore be possible for any laboratory with access to
HPLC to perform these analyses;

In plasma, retinél is found in twobmajor forms, as a
specific complex Qith RBP, and as an esterified component of
chylomicra. The complex with RBPvis formed in the liver, 'is

_associated with prealbumin in the plasma, and is involved in
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transporting vitamin A in fasting plasma, whereas chylomicra are
derived from the diet and are transported to thé liver and to
‘other organs (Ismadi and Olson, 1975). RBP binds only with free
retinol and this explains the good correlation between RBP and
retinol (by HPLC) consiétently found during the present study. of
the vitamin A measured in fasting plasma less than 5% is normally
in the form of retinyl esters (Smith and Goodman, 1976), and this
was confirmed in the present study (Section 3.2.3).

Approximately 90% of vitamin A is stored iﬁ the liver of
man and experimental animals. It is probable that the vitémin is
distributed unevenly, with the right central lobe having the
higher concentration and left lobe having reiatively low éoncen-
tration (Olson'EE_El 1979) .

This was confirmed in the present study in control rat
livers, where the right lobe had approximatelyl100 ug/g; and the
left lobe had 70 ug/g. For ease of.handling, during the animal
studies reported here,‘the overall liver content was measured,
and this probably gives a better generél assessment of liver
stores. For the huﬁaﬁ studies, biopsy was taken from the most
convenient»aréa, which was usually the lower edge of the right
lobe. |

Clinical intereét in evaluaﬁing vitamin A nutrition has
increased in recent years, due to the importance of vitamin A in
various disease states, especially severély ill patients.
Measurements of liver retinol stores, mainly retinol palmitate,
- provide a good index of tqtal body vitamin A (Section l.é).
Consistency'in sampling site is hecessary to reduce between-lobe

variations. In this study, no correlation was found between
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‘liver retinol metabolites and plasma retinol (Figures 47, 65 and
66) . Therefore plasma measurements cannot be used to assess total
body vitamin A content. It should however, be noted that liver
free retinol (Figure 67) correlated with plasma retinol but this
is of little value since liver retinol comprises only 3-23% of
the total. There is a wide range in total liver retinol in biopsy
samples from normal subjects (Table 52) which further complicates
the interpretation of total body status.

Measurement of retinoi in plasma is widely performed
because of the ease of sampling and of analysis. As indicated
above, this rarely reflects body vitamin A status, except in
cases of severe vitamin A defiéiency where both liver and plasma
concentration may be affected by other factors which alter thé
plasma levelbof RBP. In protein malnutrition, RBP synthesis'is
reduced (Arroyave et al 1961; Friend EE;EL 1961, Smith EE;El
1573 a,b) and therefore plasma retinol is low. .When protein
nutrition is improved, for example by provision of IVN (Section
3.2.4.2) the plasma retinol simultanéously increases. On the
other hand, patients ﬁith an acute illness eg opération or
infection, develop an acute-phase response with the preférential
synthesis of certain liver proteins, such as CRP (Laurell 1985;
Kushner SE_EL‘ 1981). In this situation RBP synthesis is reduced
(Fleck et al - 1985). There is therefore an inverse corrélation‘
between serum retinol (or RBP) cdncentration and serum CRf
(Figures 35, 38-40). This may also be in part the explanation for
the early fall in serum retinol in our rats treated with oral
carcinogen, although acute-phase protein‘data is not available

for these studies.
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Liver stores of vitamin are usually sufficient for at
least half a year in man (OlSon, 196'9) . Prolonged inadequate
intake is therefore necessary to exhaust liver stores. In the rat
studies, 2 and 5 weeks were required for liver and plasma
concentrations respectively to fall to very low levels. Similar
results were obtained by Dowling and wWald (1958).

In rats this depletion is of course accelerated because
the animals were very yéung and rapidly growing. In grown man,
it would take much longer for deficiency to develop. After
serious illness, among the many nutritional problems, there may
be a combination of p;:.otein depletion and retinol depletidn.
Treatment by' oral or parenteral’kroute is necessary to correct
this situatién.

There has been concern about the delivery of vitamin A
to patients who.rec_ruire TPN. In particular various workeré‘ have
shown thaﬁ retinol may be degraded by exposure to light or losses
may occur on the plastic of the infusion sef_- (McKenna and Bieri,
1980; Gutcher et al 1984). In this study therefore we have
confirmed qsing the specific HPLC method, that the retinol
palmitate added to the TPN emulsion can be protected by mainten—
ance of the emulsion at 4°C in the dark. Approximately 40% was
loslt in 24 hours or 80% lost in a week if the bottle was exposed
to daylight. Care must therefore be taken during the infusion
procedure. Recently it has ‘b‘een shown that more adsorbed losses
to the infusion set occur with retinol supplements rather than

retinol palmitate (Riggle and Brandt, 1986). We found minimal
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loss of retinol palmitate in the present study. We also can
therefore be confident that the daily dose of vitamin A was
delivered to patients geing intravenously fed.

There was a wide variety of intakes of vitamin A in

patients receiving hqme IVN, ranging from 107 to 3214 pg/day
retinol palmitate. This compares with the oral recommendation of
1,000 pg of retinol by the Food and Nutrition Board of the US
Academy of Sciences (1980), and also 1,000 pg for‘intravehously
- fed patients, recommended by ﬁhe Expert Comhittee of the American
bMedical Association (1979). It is apparent that thére was no
corfelation betweenvpiasma retinol and the daily intake (Figure
30). However, none of the patients.with an intravenous intake of
> 2000 pg/day had low serum retinol concentration, confirming the
adequacy of this amount. It is possible that if there is an
excessive intake over prolonged periods, toxicitykmay occur. This
was not observea in any of the current patients,valthough a case
has been reported of vigamin A toxicity in a four and a half year
‘old, receiving 3000 pg/day on home IVN for six weeks (Seibert et
al 1981). 'Nonethéless, high serum retinol levels were observed
in some of our patients (as high as 8.5 pumol/l) . and similar high
vserum levels have beenvreported by Shils et al (1985) in some
patients receiviné 1000 pg retinol/day whilst on long-term home
IVN.

It is impoftant therefore to define the minimum vitamin
A intake necessary to ﬁaintain optimal vitamin A status. Lowry
et al (i978) showed that mostvpostoperativg patients maintained
blood retinol concentration with an intake of 450-600 pg/day. On

the other hand, in this study it was found that an IV intake of
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107-750 pg/day, or oral supplements, did not‘consistently
mainta;n vitamin ACHKiRBP,qoncgn;rétiqﬁ in E}qimf; As previously
discussed, this may not solely be due to inadequate retinol
intake, but may also reflect an acute phase protein response.
However, only one patient receiving home IVN had a CRP concen—‘
tration greater than 30 mg/l, hence the extent of the acute phase
response in this patient group was small. . Indeed, Nichoalds et
El'(1977),found that 1000 Qg retinol/day in post operative
patients would not maintain plasma retinol concentration, but
130d ug/day was more efféctive., StromBerg et al (1981) also
found that 750vpg was sufficient to maintain serum viﬁamin A only
in those patients who commenced IVN with normal biochemical
measurements. Patients commencing with low vitamin A were not
~consistently improved at this amount of intake. Liver biopsy
data woula be of great value in assessing the overall adequacy of
these different levels of intake, but this cannot be justified on
ethical grounds.

In short-ﬁerm TPN patients who received a mean retinol
intake of 800 ug, the fall in plasma concentration may be due to
net protein catabolism in response to infection and surgery
rather than temporary interruption of supply of vitamin A. The
increase of serum retinol concentration with TPN supplementé was
possibly due to an increase in RBP synthesis. Thévrise in serum
retinol (and RBP) invariably occurred when patients were in
positive N balance. The correlation between RBP and serum
'fetinol was better than with other proteins eg albumin, transfer-
rin. Arroyave and Calcano, (1979) found that infection lowers

the serum level of retinol and RBP. They suggested that the
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mechanisms by which serum retinol is reduced are related to an
impaired release of retinol from the liver or to an increased
turnover of RBP. This is consistent with the inverse correlation
found in the study between CRP and RBP (and henée retinol).
Similar results we’ré obtained for surgiéal patients
receiving nutritional support enterally by fine bore nasogastric
tube (Table 37). The average intake of these‘patients was 3391
pg/day (range 2860~4153 ). One patient‘received separately
oral/enteral and IVN, and mean overall intake was 2668 pg/day.
-~ Vitamin A orally fed to adults i’s. based upon the akmounvt of
retinol necessary to maintain an adeqﬁate blood concentration and
to prevent all deficiency symptoms, plus an amount above the
requirement to permit liver storage. Arroyéve (1969) , Popper and
Steigmann (1943) explain that the signs of vitamin A deffciency
may be detected due to immobilization of liver vitamin A in
certain diséases as well as to malnutrition. No patients in the
present study developed clinical signs of vitamin A deficieﬁcy.
The overall bioava’ilability of parenterally-administered
pﬁarmacologicai doses of vitamin A is unknown. Considering the
probable loss of some vitamin A from TPN solutions and the degree
of illness of the patients, it is surprising that there are not .
more reports of hypovitaminosis A in TPN. Perhaps the amount
delivered to patients on short-term TPN is sufficient to prevent
the development of deficiency symptvoms ovér thev time period
studied, while pa'tients on long-tterm TPN n;;ay not present with
“overt vitamin A deficiency (Sitren, 1984). Physical examination
eg dark adaptation may be required over a prolonged period to

detect sub-optimal intake. Most studies have assessed vitamin A
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status in parenterally fed patients, only by measuring plasma
retinol or RBP concentrations. These are less reliable
iﬁdicators of vitamin A nutrition if thé patients are well
nourished with respect fo energy and/or protein. The dependence
of plasma vitamin A»conéentration on protein nutritional stétus
and on inflammatory étatus make ié difficult to assess adequacy
of provision of’vitamin A. Taken overall, the intakes of
800-1000 ug in short-term and in long.term studies seem adequate
to prevent deficiency or depletion occurring. This would agree
with ﬁhe current recommend&tion.bf the FNB and of the AMA for
seriously ill patients., Further studies ‘including liver biopsy
and dark adap£ation testing are required to characterise the
optimal intake in relation to disease and long term support.

It has been suggested according to various evidence that
nutrition in general or specific nutritional components, in
various parts of the world may play an important role in the
causation and development of a number éf types of cancer
(Weisburéer, 1985) .

A major physiological role of vitamin A is to control
cell differentiation. Since loss of cell differentiation is a
basic feature of cancer, there is ample,reéson to suspect tﬁat
intake of vitamin A may be related tovcance; incidence (Willett
and MacMahon, 1984).

For these reasons the association between serum and
liver retinol levels with various cancer sﬁates, in animal and

man have been studied in the present work. A major question has
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been whether a low plasma vitamin A predisposes to the develop-
ment of cancer, or whether itboccurs in response to the presence
of a cancer.

In most previous studies low circulating levels of
vitamin A were observed in subjects who shbsequently develéped
cancer of epithelial cell origin (Wald et al 1980, Kark et al
1981). However, Willett et al (1984) found mean serum retinol
was similar for cases and controls (95% confidence limits for
case-control difference). 1In eighteen subjects with subsequent
lung cancer in their study, mean base-line retinol level was
found to. be higher than that in their matched controls. The
explanation of these higher vglues is unknown. |

Studies we performed on the effect of oral carcihogens
in rats led to two different effects:- in one series of studies
rats were treated with carcinogen for 8 of 14 weeks and then
followed unﬁil 40 weeks, but in only 2 cases did an epithelial
cancer develop. In most of the‘animals, atypia  was present to a
variablé extent, and this was quantiﬁied (by Dr S Prime) using
the system of Smith and Pindborg (1969). - On the other ﬁand,‘rats
treated with carcinogen for proldnged periods almost invariably
developed an oral carcinoma after 26-32 weeks of application. We
are thus able to compare vitamin A status in animals in the
pre-cancer situation with those which developed oral cancer.

Plasma retinol fell in response to <carcinogen
application, with those animals treated for 14 weéks having a
lower plasma retinoi than those treated with darcinogen for 8
weeks. Both'groupé had very low plasma retinol at the time 6f

sacrifice (40 weeks) although tumours were not present, and
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plasma concentrations of retinol were similar to those found in
animals with oral cancers. Similarly liver vitamin A was not
detected at the time of saérifice in any of the animals treated
with carcinogen whether or nbt an oral cancer had developed.’This
suggests that the vitamin A had been used by the rat>in résponse
to Ehe carcinogen application, before a tumour had developed.
The mechanism of this utilisation is not known. it can be
speculated that Qitamin A may be takeﬁ Qp from plasma'by tissue
exposed to a carcinogen in an attempt to maintain-normal cell
structure‘ahd function. ‘This in turn may lead to increased
mobilization of vitamin A ffém the liver.

This situation may relate to the increased incidence of
cancer in individuals with vitamin A deficiency. Vitamin A
deficiency in animals has been shown to increase susceptibility
to chemical carcinogenesis in the respiratory tract (Nettesheim
and Williams 1976); skiﬁ (Davies, 1967); bladder (Cohen et al
1976) and colon (Newberne and Rogers, 1973).

Wormsley, (1985) suggested that in pancreatic cancer
after injury if at any time the repliéating tissues are exposed
to an initiéting carcinogen, cancer may occur. Dogra et al
(1985) prbposed thét vitamin A deficiency may enhance the process
'of tumourigenesis both at the initiation (the irreversible
genetic alteration of a target cell by a cércinogen) and
promotion phase (resulting in a phenotypic expression of that
genetic alteration). | |

On the other hand studies in man, of patients with
leukoplakia which is regarded as a pre-malignant disease (Silber,

1985) did not show a significant difference in serum vitamin A
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compared with control (Table 50). It is noteworthy that patients
with Crohn's Disease showed much lower serum retinol levels when
compared with control or patiente with leukoplakia. These
patients are at risk of protein malnutrition as a fesult of the
disease or resected smail bowel. It would be of interest in
leukpplakia patients to monitor the changes in serum retinol,
over a period of careful observation .of the 1leukoplakia
especially ifloral cancer developed. |

Once a tumouf has developed, low vitamin A status is
probable. All rats with tumour in this study had low serum and
liver vitamin a. .Besu et al 1976; Atukorala et -al. 1979
reported that low serum retinol was associated with bronchial
carcinoma. Ibrahim et al (1977) reported thie associetion with
carcinoma of oral cavity and oropharynx as well.

In the present study patients undergoing abdominal
surgery for neoplastic disease of stomach or colon, did not have
rsignificently different serum retinol from control. However,
patients in whom the neoplasm was presen£ in the ;ectum showed a
significantly lower plasma retinol (p < 0.05) from control eases
and those with gastric or other colon cancer. This difference is-
surprising but indicates that different tumours may be associated
in different ways with vitamin A.

Although there was a tendency for patients with hepatic
metastases at the time of operation to have lower plasma and
liver retinol concentrations than those without metastases, there
was no statistically significant difference. - The liver stores of
vitamin A are so varied that no difference was observed between

patients with cancer and those with benign disease (Table 52).
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Patieﬁfs who had been freatéd sdrgicélly.fqr;colqﬁééﬁal
cancer 7 days -~ 12 years before.sémpiing, showed a-signgéﬁééq;ly
lower‘piasma ;etino} (p < 0.01{ thép)coné{gLéhggd_;Ee diéférence

was greater in males than in femaiég-(a;ble 39):. Th;s
reduction was more apparént ih pétieﬁ;é wifh metastaSQS.(EiQhre

54) who were sémpled'within one moﬁth'of Qperation. 'Thefe_were
inadequate controls of patients without-ﬁetastasés sampLed“aﬁ ;he,
same time, to allow an aSsessmen; of thejeffect:of tumbhf:iéVél;
- It was foﬁnd tﬁat the signifiéént differencefdescribe§ above
disappears.if samples taken within one monﬁh after opérétion;are
- excluded. It is probably that tﬁis Qas due to the acute phase
response with decreased RBP synﬁhesis'in'the‘post'épefatgve
period. “ | |

It has been“suggested ﬁhgg thg;evis a rélationshipv
betwéen low cholesterol concenfrétion aﬁdvincreased_cancg# riékf._w,
Williams et al  (1981) suggested that it reflected the physio-
logical response Fo early undiagﬁqsed.stégéé 6f‘c§ncer.,AAd;mgT£;;
al (1985) explained that it is‘§OSSible'£hét.£he'aésoci§tion
observed between low cholesteroi cpnéentrationvand’incréésed‘fisk
is mediated through.an unknown faqtor._-Iﬁ»the prgseﬁ# studY' a
cofrelationkof r = 0.5 was‘found 5etheén cholester01 and-seruﬁ
retinol in the post-colorecﬁai_c;h;efvSituatioﬁvand.this was
mainly observed‘in éatieﬁts‘with iiver ﬁetéstases (Figurgs 51, 54
and 55). If the éamples takenwwitbin oﬁe month aftef opergtion
are excluded, Fhere is no such.correlation. 'Thié corrélation in
our study may therefore be duevto tﬁe acute-phase resééﬁse on

apolipoproteins as well as on RBP. : . o



123

Kark et al (1982) offered three conflicting hypotheses
to explain the inverse association found in other studies.
First, low cholesterol values before detection of cancer may be a
»result.of the cancer process. Second, low choleéterol values may
vprecede the development of cancer, but the association with the
cancer is secondary. Third, low cholesterol values may precede
the development of cancer qnd may be -causually associated with
occurrence of some fofms of cancer. _Until the major routes are
understood, along with the kinetics of transfer, it may be
impossible to make any correlation between cholesterol, beté
carotene and risk of cancer (Peto, 1981). Adams et al. (1985) in
recent studies demonstrated a significant‘relationship between
carotene and lipcprotein cholesterol in a healthy group of
college students. It is probable therefore that the association
of cancer with cholesterol is secondary, due ﬁo the correlation
of retinol with cholesterol concentration.

On the’othe; hand, Jagadeesan and Reddy (1978) found
thére was a_signifiéant correlation between vitamin A and
haemoglobin concentration. Stored irén may bevmobilized by
improving the'vitamiﬁ A nutritional status (Mejia and Arroyave,
1982) . Overall wevdia not find any correlation or effect of»iron
sfatus on vitamin A, since plasma retinol concentrations were
similar in both iron-sufficient and iron-deficient groups.
However, the observation that in rats treated with carcinogen for
8 weeks there was a significant inverse correlation bet&éen fhe
magnitude of the fali in haemoglobin with the fall in plasma
retinol (Figures 71 and 72) suggests that in some way, retinol

may be involved in the maintenance of haemoglobin levels in
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iron-deficient rats. This observation was not confirmed in rats
treated with carcinogens for 14 weeks, suggesting that the effect
of the carcinogen on retinol concentration is gréaterbthan the
role of retinol in haemoglobin metabolism.

Although iron deficiency was associated with‘eariier:
development of oral tumou}s (mean 183 days) than iron sufficient
rats (mean 229 days) when caicinogen was continuously applied,
the shorter periods of carcinogen application did not aemonstratg
any significant difference in‘atypia scores for iron-sufficient
and deficient rats. It i$ noteworthy that in all studies no
difference in serum or liver retinol was observed between
iron-sufficient or deficient rats. Thus any effects'of iron-
deficiency are unlikely to. be mediated throuéh vitamin A.

The role of vitamin A deficiency in tumourigenesis has
been studied by several investigators. However; the exaét
mechanism by which vitamin A influences the process has not been
‘delineated:-

i) E Additiongl epidemiological and experimental studies are
needed before defiﬁitebéonclusions can be drawn about the‘role‘of
various forms of vitamip A in the aetiology of cancer. In the
present study there is limited data éhowing the relationship
bééween retinol status and cancer occurrence or subsequeﬁt cancer
recurrence in patients who underwent surgery.

ii) The present study has indicated‘weak associétion
between retinol and cholesterol, but prospective'studies are
needed to assess the relationships between carotene, cholesterol

and cancer-risk to clarify the mechanisms involved.
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iii) Vitamin A is altered by carcinogens during tumour
.induction (Nutrition Reviews, 1979). Further evidence for this
has been obtained in the present study.
iv) Chytil and Ong and their co-workers (1978a,b) found
specific intracellular retinoid-binding proteins, similar to
steroid-binding ptoteins, in many tissues affected by vitamin A.
‘They suggestea that retinoids may act like steroids, which exert
their effect on gene-expression, and this has éonsidgrable
supp0r£ (Sitren, 1984)., 2ile and Cullum (1983) suggested that
vthe role of vitamin A in reproduction is mediated by specific
intracellular protein carriers. If intracellular retinoid-
binding protein mediates the effect of vitamin A, then its
presence in various non-epithelial cells suggests that these cell
types may also be targets. Further work on these binding
proteins is required. 1In the case of this study the fall in
serum retinol in rats may be due to carcinogens causing some
effect oﬁ the number of receptors or in the‘amount of'ihtra—
cellular binding proteins;
v) Anothervpossible‘mechanism of action of retinéids is
their effect on glycoprotein‘éyﬁthesis. Deluca (1978) suggested
that phoéphorylated retinol or retinoic acid derivatives may
participate in glycosylation of membrane glycbproteins b§ actiné
- as carriers of monosaccharides across the hydrophobic lipid
bilayer.

Several other mécﬁanisms of action have been posﬁulated.
However, most of them have not been supported by subseguent

investigations.
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4.2) Conclusions

The main conclusions which can therefore be drawn from
the present studies are.as follows:-
i) A method hasbbeen developed to séparate retinol and its
derivatives qualitatively and quantiﬁatively in sérdm; liver and<
IVN‘solutions.
ii) In normal man or rat and in those with certain types of
tumour, the only serum retinoid‘detectable is retinol.
iii) There is a poor correlation between the commonly-used
fluorometric éssay and thé Specific HPLC assay. The fluorometric
assay is only‘useful in the absence of interfering substances in
the diet, such as pigment, and when all dietary triglyceride has
been cleared from the circulation.
iv) The vitamin A in IVN solutions muét be protected from
degradation prior to infusion.
v) ‘ Plasma retinol can be maintained in patients receiving
. IVN»or enteral ﬁutrition. However the acute—-phase reactiop may
interfere with the use of this measurement in assessing vitamih‘A
status.
vi) Vitamin A deficiency in .rats can be achieved with
depletion of liver vitamiﬁ A stores within 2 weeks, followed by a
fall in plasma retinol afté; about 5 weeks.
vii) Plasma retinol ih rats falls in response to applicatioﬁ
of an oral carcinogen and low levels are obtainéd before a tumour
develops.
viii) Iﬁ man, leukoplakia was not associated with low serum
retinol, 1In patients with intestinal cancer, low serum retinol

was found in pétients with rectal carcinoma and in those with
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metastases. In liver there was no significant difference between
patients with benign and maiignant disease (with or without
metastases) for retinol or its metabolites.

ix) Vitamin A status was not found ts be associated with
iron status in ratsQl The development of tumours was more rapid
in iron-deficient rats and this is therefore unlikely to.be
mediated through the effects of retinol.

X) Serum cholesterdl was associated with serum retinol in
patients with metastatic cancer of rectum but this was mainly due
to the acute phase responsé’to surgery.

4.3) - Further studies which might be performed to extend the

above work might be:-

a) Liver biopsy samples would be valuable to assess the
vitamin A stores in patients on various forms of nutritional
support. This should be related to dark-adaptation studies.

b) ~The kinetics of change in serum and liver vitamin A in
rats in response to carcinogen should be studied in more detail

to determine the time course of depletion.

c) : ‘Longer term studies on the effects of carcinogen are
needed.
d) The reason for the rapid fall in vitamin A after oral

carcinogen should bevstudied eg by'métabolism of lsbelled
retinol.

e) Iron status in liver could be assessed in relation to
vitamin A status.
£) | Thé‘effects of vitamin A supplements on the response to

carcinogen should be studied.



128,

g) Studies on intracellular binding proteins in response to

carcinogen would be of interest.
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