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1. ABSORPTION OF CAROTENOIDS XA9846153

Several processes are necessary for optimal absorption of carotenoids:

a. sufficient digestion of the food matrix to release carotenoids;
b. formation of lipid micelles in the small intestine;
c. uptake of carotenoids by intestinal mucosa;
d. transport of carotenoids or metabolic products to the lymphatic and/or portal

circulation

1.1. Digestion

Absorption of B-carotene from raw, uncooked vegetables can be very low (in the
order of 1-2%). Particle size of uncooked foods is particularly important; B-carotene
absorption from pureed or finely chopped vegetables is considerably higher than from whole
or sliced raw vegetables. Cooking procedures (boiling/steaming) improves the chemical
extractability of carotenoids from foods and also appears to improve absorption. This is
partly a result of the disruption of the plant cell walls and increased digestibility. Excessive
and prolonged heating, however, particularly in the presence of oxygen can result in
oxidation of B-carotene with a subsequent loss of vitamin A activity.

1.2. Dietary fat and the formation of lipid micelles

Dietary fat stimulates bile flow from the gall bladder which facilitates the
emulsification of fat and fat soluble dietary components into lipid micelles within the small
intestine. Without micelle formation carotenoids are very poorly absorbed. Several studies
have shown that the absence of dietary fat or very low fat diets substantially reduces B-
carotene absorption in human volunteers. For example, Roels et al. [1] showed that in boys
with vitamin A deficiency in Rwandan village, supplementation of their carotene-sufficient
but low fat diet (about 7% energy) with 18 mg/day of olive oil improved carotene
absorption from 5% to 25%.

The disruption of micelle formation with bile acid sequestering drugs also reduces
absorption and it has been suggested that some forms of dietary fibre may also inhibit
carotenoid utilization, perhaps by sequestering bile salts and reducing lipid micelle formation.
Gastrointestinal malabsorption, intestinal parasites and Steatorrhea are also likely to affect
carotenoid absorption.

1.3. Uptake of carotenoids by mucosal cells

Carotenoid absorption is thought to be a passive process. The assumption is that
carotenoids within lipid micelles come into contact with the intestinal epithelial cell
membranes and that transport from micelles to the plasma membrane and cytosol of the cell
occur together with the transport of fatty acids. B-carotene appears simultaneously in lymph
with newly absorbed fat from a meal and thus it is assumed that they move together across
the plasma membrane and within the mucosal cell.
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There is still a possibility that there are specific transport mechanisms for carotenoid
transport although none have been found and, because many carotenoids in food differ only
slightly in structure, it is also possible that there may be competition between them for
absorption and subsequent intracellular transport. In ferrets, canthaxanthin appears to
reduce B-carotene absorption whilst in one human study (performed by one of my
colleagues at the TNO Institute in the Netherlands using the chylomicron response
technique) lutein (found in green/yellow vegetables) appeared to reduce both the uptake and
cleavage of B-carotene. The levels of lutein and B-carotene given (simultaneously) to the
volunteers were approximately 15 mg of each carotenoid. Please see next section on the
use of the 'chylomicron response curves' for further details of studies of carotenoid
absorption from single test doses or meals.

1.4. Transport

Humans, unlike many other mammals, can cleave pro-vitamin A carotenoids to
vitamin A within the intestinal mucosa cells or they can absorb a whole variety of
carotenoids intact. Most species do not absorb carotenoids intact.

The control mechanisms regarding mucosal cell uptake, cleavage and transport are
poorly understood. It appears from numerous animal studies that as dietary B-carotene
intake increases, the efficiency of conversion to vitamin A decreases. This suggests that
regulatory mechanisms are in place to limit mucosal uptake, cleavage and/or transport when
dietary provitamin A carotenoids are high and when vitamin A status is adequate.

The recommended dietary allowances for preformed vitamin A and the pro-vitamin
A carotenoids have been established assuming that carotenoids are less well absorbed than
vitamin A and are inefficiently converted to vitamin A. Comparison of the ability of
synthetic B-carotene and all-trans retinyl acetate to alleviate vitamin A deficiency in humans
demonstrate that 2 //g of B-carotene was equivalent to 1 //g of retinol. Thus with highly
absorbed B-carotene we could assume a 2 to 1 weight for weight conversion efficiency.
However, the conversion factor of 6 to 1 for B-carotene and 12 to 1 for other provitamin
A carotenoids is used for dietary carotenoids which are more poorly absorbed. It is obvious,
however, considering the comments in Section 1.1 that this factor will be highly variable
depending on digestibility, particle size, cooking procedure and physiological state of the
consumer - and possibly other factors.

1.5. Metabolism

The metabolism of absorbed carotenoid has not been studied in detail and is not well
understood. Humans transport carotenoids in blood plasma via lipoproteins, the majority
of B-carotene being associated with the low density lipoprotein (ca. 75%). Generally the
appearance of B-carotene in the LDL follows the same time course as newly absorbed
triglycerides.

Oral doses of B-carotene (up to 120 mg) have been administered to human
volunteers and plasma response determined. In some individuals a rise in plasma B-carotene
is observed but other subjects showed no increase in plasma B-carotene concentration -
these subjects have been classified as non-responders. I prefer to think of individuals
responding differently rather than classifying them as responders and non-responders. We
know so little about the control and rates of carotenoid absorption, distribution and
utilization that the best we can say at present is that subjects under a particular set of
experimental conditions, and on that occasion, did or did not show an increase in plasma
B-carotene concentration, over a specified time-course, after a specified dose. It is also very
important that the physiological state of the subject be taken into consideration. We at IFR,
and others, have information which would point to an inverse relationship between plasma
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carotenoid concentration and body mass index. The adiposity of an individual may therefore
influence the rate of clearance of carotenoids from the plasma. There is also evidence to
suggest that the 'residence time' of carotenoids in the mucosal cell, mucosal cell turnover
rate and re-uptake of carotenoids from mucosal cells sloughed off into the intestinal lumen
may all influence the rate of appearance of carotenoids in the plasma. In some cases a small
surge of B-carotene can be seen in chylomicrons following a carotene-free meal given
subsequent to a test dose.

2. CHYLOMICRON RESPONSE

In humans, chylomicrons (MC) and very low density lipoprotein (VLDL), composed
mainly of triglycerides are packaged in the intestine and transported through the lymphatic
system to the thoracic duct. This then empties into the subclavian vein and enters the main
circulation. Lipoprotein lipase acts upon the CM by hydrolysing core triglycerides, resulting
in the formation of a CM remnant. The CM remnants are then taken up by the liver where
the carotenoids are utilized to form vitamin A and /or stored or repackaged and released
with VLDL particles. In humans, CM and VLDL B-carotene levels peak around 4 to 8 hours
following a B-carotene dose. As these are cleared by the liver, LDL B-carotene levels start
to rise with a peak level at 24-48 hours post dosing, while HDL levels peak around 16 to 48
hepatic hours post dosing. It is unclear whether there is transfer of carotenoids from CM to
extra hepatic tissues prior to uptake of CM remnants by the liver, nor is it known what
factors are important in determining the uptake of carotenoids by tissues and their recycling
back into the plasma.

In most human studies of carotenoid absorption plasma or serum response curves
are used as a measure of carotenoid uptakes (see previous section). However, the problem
with such profiles is that no discrimination can be made between exogenous and
endogenous carotenoids and retinoids. In recent studies at TNO in the Netherlands (as part
of an EC funded project coordinated by IFR) the measurement of carotenoid and retinyl ester
(RE) response in isolated chylomicron fractions, obtained at various times after an oral dose,
has been studied, as a potentially more appropriate measure of carotenoid absorption and
cleavage .The carotenoid/retinyl ester response must be corrected for triglyceride response.
After such correction, the within person variability in both the carotenoid and RE response
(as area under the curve) was about 20% (as CV).

To determine the CM response curve, volunteers are requested to consume a diet
with restricted vitamin A and carotenoids for one week before each experiment (through
dietary advice and written instructions). Two days before the actual experiment volunteers
are given a complete, standardised vitamin A-free/low carotenoid diet provided by the
research centre. The test dose or food item is then given after an overnight fast. A fasting
(time 0) blood sample is collected and 8 postprandial blood samples obtained over 10 hours
after the dose. Blood is obtained via an indwelling catheter inserted into the anticubital vein.
Plasma is separated by centrifugation and CM fractions by further density gradient
centrifugation. Approximately 14 ml of blood is taken at each time point (the volume of
blood can be reduced depending on what analyses are to be performed). Approximately 3
ml of plasma is required for separation of chylomicrons; 0.5 ml for triglyceride analysis and
1 to 3 ml (depending on the method of analysis) of plasma for carotenoid and retinyl ester
analysis.

So far in the EC studies, the following test doses have been administered: palm oil
carotenoids (15 mg total a- and B-carotene); combined palm-oil carotenes and lutein (15 mg
of each); 15 mg lycopene; combined palm-oil carotenes and lycopene (15 mg of each).
These carotenoids were given as test meals consisting of the carotenoid dispersed in
skimmed yoghurt with added sugar and with 50 g arachis oil to trigger fat digestion and
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absorption. Each volunteer received each test dose in a randomized cross-over design with
a three week wash-out between each period.

In addition, to assess the feasibility of postprandial CM response curves as a measure
of absorption and cleavage of carotenoids from vegetables an additional 'dose' of
carotenoids was given as a portion of vegetable or fruit with peanut oil and sugar. The
following vegetables have been used; carrots boiled for 20 min. in an amount to provide 15
mg B-carotene; boiled spinach to provide 15 mg lutein and fresh tomato paste containing
15 mg lycopene. There were 4 volunteers for each vegetable meal.

Differences in the areas under the chylomicron response curves (AUC) are
statistically assessed using analysis of variance.

After each of these treatments the triglyceride CM response curves were not
significantly different confirming that the test protocol is reproducible with acceptable
within-individual variability in fat response. However, for the carotenoids a wide range of
plasma and chylomicron response was observed both within and between individuals. A CM
response was observed for all the test doses of isolated carotenoids. Preliminary analysis
indicates that when lutein was administered with the palm oil the area under the CM
response curve for both B-carotene and retinyl esters was reduced as compared to the single
dose of palm oil. Combined dosage of palm-oil with lycopene had no apparent effect.

When the vegetable preparations were given, only the tomato paste (lycopene)
showed a measurable CM response. In the case of carrots and spinach no significant
response could be demonstrated for a - and P- carotene and lutein, respectively. This is
puzzling. We have shown from dietary intake studies that the plasma concentration of
specific carotenoids is significantly correlated to intake of fruit and vegetable sources of that
carotenoid, although it must be said that the weakest correlation (although still significant)
was for P-carotene. We had assumed that this was because of its losses via cleavage. At
present, with so little knowledge of the factors which affect total amounts of carotenoids
absorbed from our food, the rates of that absorption and differences in chylomicron
clearance from a 'slug' of readily and quickly absorbed carotenoid versus a food source of
an equal amount which may produce a much longer and shallower response, it cannot be
assumed that the lack of a CM response equates to a lack of absorption. Further studies are
underway to examine the phenomenon more closely for example, to consider the physico-
chemical factors (e.g. effect of food preparation and processing) on CM appearance of the
carotenoids. An indication that this might be important comes from the measurable lycopene
CM response from tomato paste - a pureed, heat treated, thin cell walled, easily extractable
product. In order to develop some sustainable food-based interventions in vitamin A
deficient populations such information is important eg is it better to find some soft-cell
walled fruit source of provitamin A carotenoids rather than vegetable sources?

3. THE EFFECT OF P-CAROTENE SUPPLEMENTATION ON THE IMMUNE FUNCTION OF
BLOOD MONOCYTES FROM HEALTHY MALE NON-SMOKERS

3 . 1 . Background and aims of the study

There is strong epidemiological evidence that diets rich in fruits and vegetables are
associated with reduced incidence of cancer. Amongst the many compounds in fruits and
vegetables that prevent cancer in laboratory animals, attention has been focused on the
carotenoids, a group of highly pigmented, fat-soluble antioxidants. One of these compounds,
P-carotene, has been shown to be particularly effective in preventing cancer in animal
models and many epidemiological studies have shown a strong inverse association between
intake of p-carotene and incidence of cancer. However, these types of studies provide little
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information on biological mechanisms. The immune system plays a major role in cancer
prevention by its involvement in a variety of anti-tumour effector mechanisms and it has
been suggested that one mechanism by which P-carotene can prevent carcinogenesis is by
the enhancement of immune cell activity. Cell mediated immune responses are initiated by
the stimulation of appropriate T lymphocytes by antigen-presenting cells. A pre-requisite
for this antigen-resenting cell function is the expression of major histocompatibility complex
(MHC) class II molecules (HLA-DR, HLA-DPP and HLA-DQ), which are present on the
majority of human monocytes, macrophages and dendritic cells (see figure). Since the
degree of immune responsiveness of an individual has bene shown to be proportional to
both the percentage of MHC class ll-positive monocytes and the density of these molecules
on the cell surface, it is possible that one mechanism by which P-carotene may enhance cell
mediated immune responses is by enhancing the cell surface expression of these molecules.
In addition, cell to cell adhesion appears to be critical for the initiation of a primary immune
response, and it has recently been shown that the intercellular adhesion molecule-1 (ICAM-
D- leucocyte function associated antigen-KLFA-1) ligand-receptor pair is also capable of co-
stimulating an immune response, enhancing T cell proliferation and cytokine production.
Therefore, we have examined the effect of P-carotene supplementation, at a dietarily
achievable level, on the cell surface expression on blood monocytes of MHC class II
molecules and of several adhesion molecules known to be involved in the process of antigen
presentation.

Since the ability to mount an immune response is also dependent on communication
between different immune cell types, some insight into the influence of different nutrients
on the immune system can be gained by studying their effects on the production of
cytokines, polypeptide messenger molecules released by a variety of cell types which play
a major role sin initiating and sustaining immune responses. Tumour necrosis factor-alpha
(TNF-a) is an immunostimulatory cytokine, secreted primarily by blood monocytes and tissue
macrophages, which has a selective toxic effect on a variety of malignant cells and can also
initiate the cascade of cytokines and other factors associated with inflammatory responses.
Therefore, it is thought that this molecule plays a critical role in normal host resistance to
infections and to the growth of malignant tumours. It has been demonstrated that
regression of established hamster buccal pouch carcinoma following the local injection of
P-carotene is associated with an induction of TEF-a in macrophages at the tumour site. It
has also been shown in vitro that P-carotene can increase the stimulated secretion of TEF-a
by human peripheral blood mononuclear cells. Therefore, we have also investigated whether
supplementation with P-carotene can enhance the ability of human blood monocytes to
secrete TEF-a when stimulated ex vivo.

3.2. Methods and results

The study design, participant details and results are presented in the following tables,
and were discussed during the RCM. Figure 1 shows the outline of the study design. Tables
I to VIII depict clinical and biochemical findings.

3.3. Conclusions

We conclude that a 4-week supplementation with P-carotene, at dietarily achievable
levels, was associated with an elevated expression of cell surface molecules on blood
monocytes which are involved in initiating immune responses. This might be one
mechanism where P-carotene can cause enhancement of immune responsiveness and,
consequently, of tumour surveillance.

We have recently commended a comparable human supplementation study with
lycopene.
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The following is the assay for natural killer cell function (as promised at the RCM).
It requires rather a lot of blood and is probably not a practical option for most of the studies.
Nevertheless all details of the assay are attached and if there is any further interest please
do not hesitate to contact either Sue Southon or David Huges at the Institute of Food
Research.

4. NATURAL KILLER (NK) CELL CYTOTOXICITY ASSAY

4.1 . Target cells

K562, a human chronic myelogenous leukaemic cell line, obtainable from the
European Collection of Animal Cell Cultures (ECACC No. 89121407).

Cells cultured in RPMII-1640 supplemented with 10% heat inactivated fetal calf
serum (FCS), in 50 ml tissue culture flasks kept in an upright position. The cells grow in
free suspension. Incubate at 37°C in 5% CO2.

Maintain by subculture twice a week, splitting approximately 1:3 (to final volume of
20 ml), and subculture on the day prior to the assay.

4.2. Effector cells

Approximately 3 X 10e cells are required for this assay, although the number can be
reduced if the assay is performed in triplicate rather than quadruplicate. Therefore,
approximately 5-7 ml of blood should be taken per subject.

Try to include a healthy adult subject within each assay "control" to confirm that the
assay is working correctly.

Separate peripheral blood mononuclear cells (PBMN) using Ficoll-Hypaque technique.
Wash cells twice in Minimal Essential Medium (MEM) and adjust to 2 x 106 cells/ml in RPMI
with 10% FCS.

Either use these cells or, for more accurate determinations, incubate PBMN overnight
in 50 ml culture flasks, to remove adherent monocytes from the assay. Aspirate off
peripheral blood lymphocytes (PBL), wash twice in RPMI, and adjust to 2 x 108 cells/ml in
RPMI supplemented with 10% FCS.

4.3. Assay

a. Spin down 2 flasks of K562 cells. Wash twice in RPMI. Adjust to 2 x 106 cells/ml
in RPMI.

b. Incubate 1 ml of K562 with 3.7 MBq of Chromium (Cr) for 1 hour at 37°C in a sealed
plastic tube placed in a lead pot. (You need to calculate the volume of Cr to add
from the activity chart provided with the Cr, due to the short half-life of Cr).

c. Make serial dilutions of effector cells: Take 0.3 ml of cells at 2 x 106 /ml (Cone a)
and add to 1.2 ml RPMI - 5 x 105/ml (Cone B).

d. Take 0.3 ml of cells at 5 x 105/ml and add to 0.3 ml RPMI = 2.5 x105/ml (Cone C).
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e. Take the incubated K562 cells and wash 3 times in RPMI, the last wash immediately
prior to use. Suspend the final cell pellet in 1 ml of RPMI and take 0.15 ml and add
to 5 ml RPMI = 5 x 104 cells/ml (make up a larger volume of cells if doing more than
3 subjects at a time).

f. Also require Triton xlOO detergent (Sigma) to lyse cells to indicate maximal Cr
release.

g. Set up round bottomed microtitre plate as follows:

Row

1

2

3

4

Wells 1-4

RPMI only
200 fj\
(Background)

Control PBL 1OO Î
Cone C
K562 lOQwl
Effector:target ratio = 5:1

Subject 1 PBL 100/yl
Cone C
K562 100//I

Subject 2 PBL 100//I
Cone C
K562 100//I

Wells 5-8

RPMI 100/yl
K562 100//I
(Spontaneous release)

Control PBL 100//I
Cone B
K562 100//I
Effector: target ratio = 10:1

Subject 1 PBL 100//I
Cone B
K562 100*/l

Subject 2 PBL 100//I
Cone B
K562 100/JI

Wells 9-12

x100 100/yl
K562 100//I
(Maximal release)

Control PBL 10Qul
Cone A
K562 100//I
Eff ectontarget ratio = 40:1

Subject 1 PBL 100//I
Cone A
K562 100//I

Subject 2 PBL 100//I
Cone A
K562 100//I

h. Incubate late at 37°C for 4 hours in a humidified atmosphere.

i. Harvest the supernatants by either centrifuging the plate and aspirating the samples,
or purchase an automatic harvester from Skatron Instruments Ltd. (Approx. £600
including disposables; address available if required). This instrument is very useful
both in terms of convenience and containment of radioactive waste. Measure the
radioactivity of the sample in a gamma counter.

j . Calculate % cytotoxicity at each ratio of effectorrtarget cells:-

NB. Try to ensure that the cpm spontaneous release is < 15% of cpm maximal release.

Queries to: Dr. David a. Hughes
Institute of Food Research
Norwich Research Park
Colney, Norwich, NR4 7UA
UK
Tel.: +44 01603 255345
Fax: +44 01603 507723
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TABLE S. DESCRIPTION OF SUBJECTS

Parameter Group 1 (n = 14)
Mean SEM Range

Group (2 = 11)
Mean SEM Range

All subjects (n = 25)
Mean SEM Range

Age (yrs)

Height (m)

Weight (kg)

Body Mass Index
(BMI)

Haemoglobin (g/l)

Fasting blood
glucose (mmol/i)

40.5 2.5 25.4-57.7

1.79 0.01 1.71-1.87

80.3 2.9 64.3-100.0

24.9 0.8 19.0-28.6

152.1 2.2 138.0-166.0

3.68 0.10 2.90-4.65

36.9 3.4 19.3-53.3

1.79 0.01 1.70-1.87

79.2 3.6 61.2-99.2

24.8 1.2 19.2-31.4

154.9 2.0 143.0-163.0

3.55 0.07 3.20-4.00

38.9 2.0 19.3-57.7

1.79 0.01 1.70-1.87

79.8 2.2 61.2-100.0

24.9 0.7 19.0-31.4

153.3 1.5 138.0-166.0

3.62 0.07 2.90-4.65

Means within each row were subjected to one-way "analysis of variance". There were no significant (P<0.05) "variance ratios (F)" and therefore no differences between
means.
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TABLE 19. BASELINE PLASMA CONCENTRATIONS OF CHOLESTEROL, ASCORBiC ACID, URIC ACID, RET9NOL AND A-TOCOPHEROL

Parameter Group 1 (n = 14) Group 2 (n = 11) AH subjects (n = 25)
Mean SEM Range Mean SEM Range Mean SEM Range

Cholesterol 5.71 0.29 4.36-7.65 5.35 0.31 4.16-7.72 5.55 0.21 4.16-7.72
(mmol/l)

Ascorbic acid 55.1 5.3 20.5-88.3 62.6 7.5 10.5-94.9 58.4 4.4 10.5-94.9
U/mol/l)

Uric acid 346.9 13.0 276.1-455.8 371.7 18.0 255.9-459.7 357.8 10.8 255.9-469.9
U/mol/l)

Retinol 644.1 29.4 422.4-824.0 712.5 57.6 530.6-1189.4 674.2 30.3 422.4-1189.4
(ng/ml)

A-tocopherol 11637 859 4665-16341 12216 1013 7011-17193 11892 645 4665-17193
(ng/m!)

Means within each row were subjected to one-way 'analysis of variance'. There were no significant (P<0.05) 'variance ratios (F)' and therefore no differences between
means.



TABLE III. BASELINE PLASMA CONCENTRATIONS OF CAROTENOIDS. LUTESN, ZEAXANTH1N. B-CRYPTOXANTHIN, LYCOPENE, A-
CAROTENE, TRANS-B-CAROTENE AND TOTAL-B-CAROTENE (TRANS-B-CAROTENE + CIS-B-CAROTENE).

Parameter Group 1 ( n = 14) Group 2 (n = 11) Ail subjects (n = 25)
Mean SEM Range Mean SEM Range Mean SEM Range

148.4 29.6 61.2-420.4 138.4 14.8 41.3-420.4

56.7 8.6 30.4-122.6 57.6 6.3 10.6-149.4

71.6 11.1 18.9-130.3 79.4 9.6 18.9-163.3

154.5 17.9 32.8-246.5 161.1 16.6 27.5-359.6

87.6 28.4 23.4-297.6 70.6 13.3 20.6-297.6

Trans-b-carotene 218.3 29.0 91.1-445.8 270.0 73.7 52.7-871.1 241.0 35.7 52.7-871.1
(ng/ml)

Total-b-carotene 227.7 31.0 91.1-477.0 293.6 79.2 52.7-927.9 256.7 38.6 52.7-927.9
(ng/ml)

Means within each row were subjected to one-way 'analysis of variance'. There were no significant (P<0.05) 'variance ratios (F)' and therefore no differences between
means.

Lutein
(ng/ml)

Zeaxanthin
(ng/ml)

B-cryptoxanthin
(ng/ml)

Lycopene
(ng/ml)

A-carotene
(ng/ml)

130.6

58.4

85.6

166.3

57.2

13.5

9.3

14.8

26.7

7.7

41.3-196.5

10.6-149.4

20.9-163.3

27.5-359.6

20.6-122.4
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TABLE 9V. MONOCYTE CELL-SURFACE MAKERS; MHC CLASS I! MOLECULES (HLA-DR, HLA-OP & HLA-DQ) AT BASELINE (S), AFTER 4
WEEKS TREATMENT WITH PLACEBO (P) OR AFTER 4 WEEKS TREATMENT WITH A BETA CAROTENE (15 MG/D) SUPPLEMENT (S).
PERCENTAGE +VE MONOCYTES* (%POS); MEDIAN FLUORESCENCE INTENSITY* (MFI).

Group (n:Treat)
/. (n=JO; B-P-S)
2. (n=10; B-S-P)

Parameter

HLA-DR
(% pos)

HLA-DR
(mfi)

HLA-DP
(% pos)

HLA-DP
(mfi)

HLA-DQ
(% pos)

HLA-DQ
(mfi)

Group

1
2

1
2

1
2

1
2

1
2

1
2

Baseline (B)
Group 1 -
Group 2 =

Mean

78.2*
68.9"

61.8
49.1

36.4
26.5

26.7
18.3

20.2
15.9

15.1
11.7

SEM

6.2
7.6

4.8
4.7

6.3
4.7

3.0
2.3

4.4
3.8

2.6
1.9

Initial
Initial

Range

47.1-96.4
33.0-96.6

42.8-81.5
25.2-68.3

12.0-67.4
6.6-49.9

10.7-36.3
8.6-29.4

2.6-41.1
3.4-37.5

5.6-29.7
3.6-23.9

4 weeks treatment
Group 1 = Placebo
Group 2 = Supplement

4 weeks treatment
Group 1 = Supplement
Group 2 = Placebo

Mean

77.5*
78.4y

58.6
57.6

29.6
34.1

23.6
25.3

17.3
21.3

15.5
15.6

SEM

3.7
5.6

3.8
5.4

2.3
4.9

1.6
2.8

3.2
3.7

1.6
2.2

Range

54.3-88.3
40.3-96.0

43.8-76.8
34.2-86.9

21.8-45.9
20.4-72.0

14.2-32.2
14.8-44.7

5.5-34.2
9.4-45.2

5.9-24.8
6.0-27.3

Mean

86.4b

82.2V

66.0
56.7

37.3
28.3

26.4
20.2

23.2
15.3

16.7
11.4

SEM

3.6
3.6

3.5
3.6

5.4
2.1

3.4
1.8

4.1
2.4

2.2
1.9

Range

61.3-97.4
57.6-93.7

45.0-79.9
33.1-71.9

16.7-70.0
13.3-36.6

11.0-45.8
13.0-31.6

7.5-52.0
5.9-28.3

6.5-29.6
0.3-22.4

Means within each row were subjected to one-way analysis of variance for 'repeated measures'. Where the variance ratio (F) was significant, means were then compared
by 1 -tail paired t-test.
A,B,C = group 1; X,Y,Z = group 2 . Means, within a row, having different superscripts are significantly different (P<0.05).



TABLE VII. PLASMA CHOLESTEROL, ASCORBIC ACID, URIC ACID, RETINOL AND A-TOCOPHEROL; AT BASELINE (B), AFTER 4 WEEKS
TREATMENT WITH PLACEBO (P) OR AFTER 4 WEEKS TREATMENT WITH BETA-CAROTENE (15 MG/D) SUPPLEMENT (S).

Group (n:Treat)
/. (n=14;B-P-S)
2. (n=11;B-S-P)

Parameter Group

Baseline (B)
Group 1 = Initial
Group 2 = Initial

Mean SEM Range

4 weeks treatment
Group 1 = Placebo
Group 2 = Supplement

Mean SEM Range

4 weeks treatment
Group 1 = Supplement
Group 2 = Placebo

Mean SEM Range

Cholesterol
(mrho!/l)

Ascorbic acid
U/mol/l)

Uric acid

Retinol
(ng/ml)

A-Tocopherol
(ng/ml)

1
2

1
2

1
2

1
2

1
2

5.71
5.35

55.10
62.64

346.9*
371.7*

644.1
712.5

11637
12216

0.29
0.31

5.32
7.50

13.0
18.0

29.4
57.6

859
1013

4.36-7.65
4.16-7.72

20.50-88.27
10.45-94.92

276.1-455.8
255.9-459.9

422.4-824.0
530.6-1189.4

4665-16341
7011-17193

5.84
5.25

56.28
57.51

362.rb

353.2"

654.6
699.7

11803
11082

0.35
0.30

5.13
6.70

15.1
20.9

33.2
31.9

828
1105

4.12-8.43
3.98-7.65

22.44-99.36
13.36-85.22

289.8-452.1
257.6-482.9

446.1-953.7
522.8-842.0

4751-17626
6620-16029

6.02
5.28

55.09
53.79

386.4°
397.3"

707.8
672.4

12036
12171

0.32
0.30

4.97
6.15

19.1
18.8

42.5
35.8

1128
1085

4.47-8.54
4.06-7.54

18.83-91.25
11.60-82.66

259.5-492.2
309.2-508.2

488.4-1044.4
525-948.3

4523-18123
6226-17721

Means within each row were subjected to one-way analysis of variance for 'repeated measures'.
by 1 -tail paired t-test.
A,B,C = group 1; X,Y,Z = group 2 . Means, within a row, having different superscripts are

Where the variance ratio (F) was significant, means were then compared

significantly different (P<0.05).

w
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TABLE VS. MONOCYTE UNSTIMULATED (U-) AND LIPOPOLYSACCHAR1DE-STIMULATED IS ) SECRETION OF TUMOR NECROSIS FACTOR
(TNF-a), AND PROPORTION OF DNA IN UNTREATED (U-) AND HYDROGEN PEROXIDE TREATED (TR-) WBC NUCLEI 'COMET' TAILS; AT
BASELINE (B), AFTER 4 WEEKS TREATMENT WITH PLACEBO (P) OR AFTER 4 WEEKS TREATMENT WITH BETA-CAROTENE (15 MG/D)
SUPPLEMENT (S).

Group (n:Treat)
7. fn = 14; B-P-S)
2. (n=11; B-S-P)

Parameter Group

Baseline (B)
Group 1 = Initial
Group 2 = Initial

Mean SEM Range

4 weeks treatment
Group 1 = Placebo
Group 2 = Supplement

Mean SEM Range

4 weeks treatment
Group 1 = Supplement
Group 2 = Placebo

Mean SEM Range

U-TNF-a 1
(ng/2x10" cells) 2

S-TNF-a 1
(ng/2x10" cells) 2

U-Comet 1
(tail ONA/total) 2

TR-Comet 1
(tail DNA/total) 2

Change in Comet 1
(treat - untreated) 2

0.604*
0.576"

3.274*
2.724"

0.294*
0.237"

0.613*
0.519

0.319*
0.282"

0.061
0.046

0.513
0.485

0.029
0.018

0.036
0.052

0.034
0.044

0.410-1.283
0.377-0.910

0.623-6.957
0.817-5.837

0.181-0.557
0.143-0.340

0.390-0.821
0.285-0.713

0.114-0.501
0.054-0.423

0.658*
1.117*

5.378"
4.955"

0.368*b

0.419"

0.615*
0.470

0.215*
0.051"

0.089
0.499

1.278
1.193

0.013
0.028

0.063
0.028

0.063
0.023

0.310-1.340
0.300-6.050

0.940-14.540
0.830-11.900

0.258-0.438
0.208-0.558

0.371-1.000
0.322-0.602

0.020-0.678
-0.108-0.203

0.985"
1.508*

5.004"
5.417"

0.420"
0.452"

0.461"
0.455

0.042"
0.003"

0.249
0.451

0.972
1.396

0.033
0.052

0.026
0.033

0.021
0.047

0.480-2.660
0.510-3.230

1.080-12.090
2.360-12.770

0.174-0.605
0.202-0.696

0.293-0.628
0.255-0.588

-0.106-0.135
-0.295-0.353

Means within each row were subjected to one-way analysis of variance for 'repeated measures'. Where the variance ratio (F) was significant, means were then compared
by 1 -tail paired t-test.
A,B,C = group 1; X,Y,Z = group 2 . Means, within a row, having different superscripts are significantly different (P<0.05).



TABLE Vli. PLASMA CHOLESTEROL, ASCORBIC ACID, URIC ACID, RETiNOL AND A-TOCOPHEROL; AT BASELINE (B), AFTER 4 WEEKS
TREATMENT WITH PLACEBO <P) OR AFTER 4 WEEKS TREATMENT WITH BETA-CAROTENE (15 MG/D) SUPPLEMENT (S).

Group (n:Treat)
1. (n=74; B-P-S)
2. fn=7 7; B-S-P)

Parameter Group

Cholesterol 1
(mmol/l) 2

Ascorbic acid 1
U/mol/l) 2

Uric acid 1
(^/mol/l) 2

Retinol 1
(ng/ml) 2

A-Tocopherol 1
(ng/ml) 2

Means within each row were
by 1 -tail paired t-test.
A,B,C = group 1; X,Y,Z =

Baseline (B)
Group 7 = Initial
Group 2 = Initial

Mean

5.71
5.35

55.10
62.64

346.9"
371.7"

644.1
712.5

11637
12216

SEM

0.29
0.31

5.32
7.50

13.0
18.0

29.4
57.6

859
1013

subjected to one-way analysis of

group 2 . Means, within a row,

Range

4.36-7.65
4.16-7.72

20.50-88.27
10.45-94.92

276.1-455.8
255.9-459.9

422.4-824.0
530.6-1189.4

4665-16341
7011-17193

4 weeks
Group 7
Group 2

Mean

5.84
5.25

56.28
57.51

362.7"b

353.2"

654.6
699.7

11803
11082

variance for 'repeated measures'

having different superscripts are

treatment
= Placebo
= Supplement

SEM

0.35
0.30

5.13
6.70

15.1
20.9

33.2
31.9

828
1105

. Where the

significantly

Range

4.12-8.43
3.98-7.65

22.44-99.36
13.36-85.22

289.8-452.1
257.6-482.9

446.1-953.7
522.8-842.0

4751-17626
6620-16029

4 weeks
Group 1
Group 2

Mean

6.02
5.28

55.09
53.79

386.4°
397.3*

707.8
672.4

12036
12171

treatment
= Supplement
= Placebo

SEM

0.32
0.30

4.97
6.15

19.1
18.8

42.5
35.8

1128
1085

Range

4.47-8.54
4.06-7.54

18.83-91.25
11.60-82.66

259.5-492.2
309.2-508.2

488.4-1044.4
525-948.3

4523-18123
6226-17721

variance ratio (F) was significant, means were then comparec

different (P<0.05).



TABLE VI!!. PLASMA CONCENTRATIONS OF CAROTENOJDS, LUTEiN, ZEAXANTHIN. B-CRYPTOXANTHIN, LYCOPENE, A-CAROTEIME, TRANS-
B-CAROTENE AND TOTAL-B-CAROTENE (TRANS-B-CAROTENE + CIS-B-CAROTENE); AT BASELINE (8), AFTER 4 WEEKS TREATMENT WITH
PLACEBO (P) OR AFTER 4 WEEKS TREATMENT WITH BETA CAROTENE (15 MG/D) SUPPLEMENT (S).

Group (n:Treat)
/. (n » 14; B-P-S)
2. (n=H;B-S-P)

Parameter Group

Baseline (B)
Group 1 = Initial
Group 2 = Initial

Mean SEM Range

4 weeks treatment
Group 1 = Placebo
Group 2 = Supplement

Mean SEM Range

4 weeks treatment
Group 1 = Supplement
Group 2 = Placebo

Mean SEM Range

Lutein 1
(ng/ml) 2

Zeaxanthin 1
(ng/ml) 2

B-cryptoxanthin 1
(ng/ml) 2

Lycopene 1
(ng/ml) 2

A-carotene 1
{ng/ml) 2

Trans-b-carotene 1
(ng/ml) 2

Total-b-carotene 1
(ng/ml) 2

130.6"
148.4

58.4"
56.7"

85.6
71.6

166.3
154.5

57.2*
87.6"

218.3"
270.0"

227.7"
293.6"

13.5
29.6

9.3
8.6

14.8
11.1

26.7
17.9

7.7
28.4

29.0
73.7

31.0
79.1

41.3-196.5
61.2-420.4

10.6-149.4
30.4-122.6

20.9-163.3
18.9-130.3

27.5-359.6
32.8-246.5

20.6-122.4
23.4-297.6

91.1-445.8
52.7-871.1

91.1-477.0
52.7-927.9

149.3"
119.6

53.V
3S.CT

88.5
64.6

159.8
133.8

49.0"
120.3*

233.0*
1524V

239.4"
1602"

15.8
27.8

9.4
6.5

15.3
10.6

22.5
30.7

5.8
25.4

33.4
86

35.0
192

66.2-295.0
48.0-313.5

14.2-136.6
13.4-78.7

7.4-197.9
19.7-132.5

37.2-304.1
22.9-376.7

20.7-92.5
36.8-327.8

65.2-529.0
645-2733

65.2-554.9
680-2837

110.9=
121.0

45.311

37.0"

79.1
92.9

142.7
158.8

90.3"
110.7*

1503"
6901

158CP
744'

11.7
13.5

10.5
6.9

17.9
19.9

25.8
23.6

6.8
27.0

268
173

284
179

33.5-187.6
78.1-249.6

5.3-159.8
15.8-78.0

12.8-212.6
22.4-225.2

32.7-417.0
20.7-273.2

48.8-130.9
30.4-288.3

486-4797
141-2141

513-5078
196-2269

Means within each row were subjected to one-way analysis of variance for 'repeated measures'. Where the variance ratio (F) was significant, means were then compared
by 1 -tail paired t-test.
A.B.C = group 1; X,Y,Z = group 2 . Means, within a row, having different superscripts are significantly different (P<0.05).


