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Abstract

The three p-carotene intervention trials: the Beta-Carotene and Retinol Efficacy Trial
(CARET), Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC), and
Physician’s Health Study (PHS) have all pointed to a lack of effect of synthetic -carotene
in decreasing cardiovascular disease or cancer risk in well-nourished populations. The
potential contribution of p-carotene supplementation to increased risk of lung cancer in
smokers has been raised as a significant concern. The safety of synthetic -carotene
supplements and the role of isomeric forms of -carotene (synthetic all-trans versus
“natural” cis-trans isomeric mixtures), in addition to the importance of the protective
role of other carotenoids like lycopene and lutein, have become topics of debate in the
scientific and medical communities. This review addresses the biochemistry and
physiology of the cis versus trans isomers of §-carotene as well as relevant studies
comparing the absorption and storage of the synthetic versus natural forms of $-carotene.
In addition, the risk of potential pro-oxidant effects of synthetic g-carotene
supplementation in intervention trials is evaluated.

(Altern Med Rev 2000;5(6):530-545)

Introduction

Morethan 600 carotenoids have beenisolated in nature, $-carotene being the best known.*
Approximately 50 carotenoids have been found in the human diet and 20 have beenidentifiedin
plasma and tissues.?

[3-carotene has been shown to act as an immune modulator, quench singlet oxygen, and
reduce peroxyl radicals at alow partial oxygen pressure.® 3-carotene also enhances gap-junc-
tion communication* and, in therat model, induces hepatic enzymesthat detoxify carcinogens.®
In both observational and case control studies, the intake of carotenoid-rich fruits and veg-
etables has been found to be inversely correlated with risk for cardiovascular disease.®* Numer-
ous retrospective epidemiological studies have established an inverse relationship between di-
etary carotenoid levels and the incidence of specific cancers.”® Numerous animal and labora-
tory studies have substantiated 3-carotene’s ability to inhibit tumor cell growth and the progres-
sion of carcinogenesis.®
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Digestion and Absor ption of Beta-

Carotenes

Carotenoids are found in foods in a
complex with proteins or in crystalline caro-
tenoid complexes.!® Heating appears to im-
prove the bioavailability of carotenoids by
breaking down these complexes, as has been
shown for lycopene in cooked versus raw to-
matoes.! Typical dietary -caroteneintakes of
American adults are 0.5-6.5 mg/day (833 1U-
10,829 1U).%2

Absorption of B-carotene and other
carotenoids from vegetables is usually 5-30
percent of the absorption from synthetic
supplements, dueto the food matrix surround-
ing p-carotene. This matrix of fiber or protein
must first be broken down by mastication, gas-
tric acid, pancreatic enzymes, and bile acids.*®

The Effect of Gastric pH

Gastric pH level has aso been found
to alter pB-carotene absorption. In the Boston
Nutritional Status Survey, conducted between
1981 and 1984, the median serum carotenoid
values were lowest for those subjects with se-
vere atrophic gastritis, a condition in which
little or no hydrochloric acid is secreted by the
stomach.** Since 30 percent of the U.S. popu-
lation over age 60 is estimated to have atro-
phic gastritis,*® the potential mal absorption of
[-carotene in this population subset appears
to be significant.

In another study of $-carotene absorp-
tion and gastric pH, the effect of omeprazole-
induced hypochlorhydria on (3-carotene ab-
sorption wasinvestigated.*® The authorsfound
that serum -carotene concentrationswere sig-
nificantly lower at a higher gastric pH of
6.4+0.3 (with omeprazole) than at agastric pH
of 1.3+0.1 (without omeprazole). Lipid mi-
celles containing carotenoids, formed in the
duodenum as aresult of fat digestion, release
carotenoids into mucosal cells of the duode-
num by passive diffusion, determined by the
concentration gradients between thetwo.° The

authorsof the omeprazol e study theorized that
ahigher gastric pH increased the negative sur-
face charges of the carotenoid-containing mi-
celle and the intestinal lumen, inhibiting pas-
sive diffusion.’® Saturation of these uptake
mechanisms are estimated to occur only at in-
takes below 100 mg (166,000 1U),%° although
absorption studies discussed later in this ar-
ticle appear to reveal significant problemswith
[-carotene absorption at dosage levels much
lower than 100 mg.

The digestion of carotene complexes
in the duodenum occurs as a result of the ac-
tion of pancreatic lipase and bile salts,*® and
absorption depends on the efficiency of lipid
digestion; non-digested lipids interfere with
carotenoid absorption.t” Similarly, bile acid
sequestrant drugs, like cholestyramine, reduce
carotenoid absorption as do other situations
that interfere with micelle formation: malab-
sorption, intestinal parasites, and steatorrhea
or fat mal absorption syndromes from pancre-
atic or gall bladder disorders.’® Certain forms
of dietary fiber also appear to inhibit caro-
tenoid absorption: when 12 grams of citrus
pectin was added to ameal with 25 mg f3-caro-
tene, plasma p-carotene levels were signifi-
cantly reduced.®®

The Effect of Dietary Fat

Dietary fat is a factor in carotenoid
absorption. High-fat diets (18-24 g fat with
breakfast, 45 g fat with midday meal) produced
better (3-carotene absorption than low fat diets
(no fat for breakfast and 6 g for midday meal)
in test meals when subjects were given 45 mg
p-carotene for five days.? Although the dif-
ference in absorption between the two groups
was significant, thelow-fat diet group still had
ameasurable and sustained rise in $-carotene
levels, apparent after 13-15 days of treatment.
Levels in the low-fat diet group, however,
dropped back to baseline more quickly after
treatment was discontinued (7-23 days vs 21-
41 days post-discontinuation). Adding 18 g
oliveoil toalow-fat diet (7% of total calories)
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Figure 1. Proposed Absorption Mechanism for Beta-carotene
and Conversion to Vitamin A in Intestinal Mucosa.
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Absorption of

Beta-carotene
In the small
intestinal
enterocyte, p-caro-
tene can be trans-
formed into vitamin
A mainly as retinyl
ester (20-75%)
through cleavage of
the 3-carotene mol-
ecule. The majority
of conversion to vi-
taminA takesplace,
not in the liver, but
intheintestinal mu-
cosa (Figure 1).%2
This cleavage de-
pends on the vita-
minA content of the
meal and the vita-
min A status of the
individual .2* In vita-
minA-depleted sub-
jects, synthetic 8-
carotene had 50 per-
cent of the potency
of retinol; in other
words, 2 mg -caro-
tene was equivalent
tol mgvitaminA.»®
However, (-caro-
tene has not been
shown to precipitate

improved carotene absorption from 5 to 25
percent in young African males.?* Absorption
studies with low-fat diets have shown amini-
mum of 3-5 g per meal is necessary for any
carotenoid absorption to occur.?

vitamin A toxicity,
and it hasbeen dem-
onstrated in several speciesthat, when dietary
[-carotene increases, the regulatory mecha-
nisms limit vitamin A production from caro-
tenoids.*® 3-carotene not converted to vitamin
A is absorbed by the lymphatics, having been
incorporated into chylomicrons as intact p3-
carotene or other non-vitamin A products of
p-carotene cleavage.?® The entire family of
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carotenoids is found in the bloodstream, in-
corporated into either chylomicrons or lipo-
proteins: very low density lipoproteins
(VLDL), low density lipoproteins (LDL), or
high density lipoproteins (HDL) — the major-
ity being transportedin LDLs.?” Actual absorp-
tion levels of B-carotene have dramatic indi-
vidual and inter-individual variation with re-
portsin the literature varying from 10-90 per-
cent.?® Three- to four-fold variationsin plasma
[-carotenelevelsamong individual s have been
seen after asingle dose of 30 mg (50,000 1U).%®
These results have been confirmed in studies
that control for fat malabsorption, smoking,
alcoholism, gastrointestinal disorders, and fat
content of the test meal 5. Absorption appears
to be linear up to doses of 20-30 mg (33,000-
50,000 1U) and then begins to become lim-
ited.®®

Absorption studies exploring indi-
vidual isomersaredifficult given that some 3-
carotene is converted to vitamin A in the in-
testinal lumen and someisunabsorbed and |ost
in the feces as intestinal enterocytes are
sloughed off.%° 3-caroteneisomers al so appear
to have a biphasic appearance in the plasma,
possibly as a result of re-secretion of VLDL
from the liver or storage in the intestinal epi-
thelium; levels have remained high for three
days after an oral dose of 120 mg (200,000
IU) or have risen 12 hours after a single dose
(of 120 mg) and then again three or four days
later.?6 The body also appearsto haveamecha-
nism for maintaining significant p-carotene
reserves. When healthy maleswerefed low (3-
carotene diets they maintained normal blood
B-carotene levels for 17 weeks.®

M echanisms of absorption in specific
tissuesare not well understood. High levels of
carotenoids are found in the liver, adrenals,
kidneys, ovaries, adipose tissue, and the
macula of the eye.3! Significant correlations
have been found between serum and breast tis-
sue levels of retinoids, tocopherol, and eight
carotenoidsincluding p-carotene.® Significant
amounts of carotenoids have a so been found

in the pineal gland and the corpus luteum of
cattle.’® Theaccumulationinthe adrenals, liver,
testes, and ovaries may follow uptake of lipo-
proteins(LDL/HDL) but accumulationin other
tissues, like the macula of the eye, appearsto
follow sel ectivetissue uptake pathwayswhich
are still unknown.®

Competitive I nhibition Among

Carotenoidsfor Absorption

One difference between synthetic {3-
carotene and natural-source [3-carotene in-
volves the inclusion of other naturally-occur-
ring carotenoids: lutein, canthaxanthin, lyco-
pene, a-carotene, zeaxanthin, and cryptoxan-
thin in Dunaliella species, the algal form of
commercially available mixed carotenes.*
These carotenoids have immune modulating
activities of their own and the possibility that
feeding high doses of purified 3-carotene may
inhibit absorption of other carotenoids has
been investigated.

The studies examining competitivein-
hibition among carotenoids, however, have
shown conflicting results. In along-term study,
theATBC trial, commonly known asthe Finn-
ish Smokers Study, a 6.7-year supplementa-
tionwith 20 mg (33,000 1U) synthetic all-trans
[-carotene resulted in a significant decrease
(= 11%) in serum lutein levels.* Other stud-
ies have not shown evidence of competitive
inhibition. The Physicians' Health Study, a12-
year treatment with 50 mg (83,000 1U) all-trans
[3-carotene dosed every other day did not show
changes in any other serum or plasma caro-
tenoid levels.*® Two polyp-prevention trials,
one with 25 mg (42,000 IU) synthetic (3-caro-
tenefor four years® and the other supplement-
ing 20 mg (33,000 IU) synthetic p-carotene
for two years® found different results: thefour-
year study showed no effect of -carotene
supplementation on other carotenoid levels
while the two-year study found increases in
serum lycopene and a-carotene levelsas are-
sult of pB-carotene supplementation. Another

Alternative Medicine Review 0 Volume 5, Number 6 0 2000
Copyright©2000 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Page 533




Figure 2: Cisand Trans Isomers of Beta-Carotene.

All-trans-f3-carotene

long-term [3-carotene study, employing doses
of 50 mg (83,000 IU) for five years, found no
significant effect on plasmacarotenoid levels,
with the expected exception of the a- and 3-
carotene found in the supplement.*

The only negative carotenoid interac-
tions have been found in short-term studies
where varying levels of lutein and 3-carotene
have been fed ssmultaneoudy. When lutein was
the predominant carotenoid, (3-carotene ab-
sorption from a 22.5 mg (37,000 1U) B-caro-
tene meal wasinhibited.* -carotene also ap-
pears to inhibit lutein absorption, although at
insignificant levels, in intervention® and in
single-feeding* trials. Although these nega-
tive interactions have not been borne out in
the majority of long-term supplementation
studies with -carotene, they areimportant to
investigate dueto therolelutein playsin macu-
lar function and the provitamin activity of -
carotene in retinoid metabolism.*

| somer s of Beta-carotene: 9-cis
VersusAll-trans and Differencesin

Absorption

Isomers of B-carotene are found in
varying formsin nature; each double-bond in
the carbon chain of a carotenoid can exist in
either the trans or the cis configuration, the
cis configuration being less stable than the
trans (Figure 2). Cis isomers are more polar,
less crystallized, and more solublein oil than
the trans isomers.>4 The all-trans, 9-cis, 13-
cis, and 15-cisisomers have beenidentifiedin
both food sources and human plasmain vary-
ing amounts depending on the source. Raw
carrots, tomatoes, and sweet potatoes appear
to be devoid of the cisisomer;* 98 percent of
the p-carotene in raw carrots is in the trans-
form.* The 9-cis-carotenoid isomersin foods
appear to increase with processing and heat-
ing but multiple studiesindicate the 9-cis-caro-
tenoids are not absorbed as easily or are ab-
sorbed through different mechanismsthan the
al-transisomers.t®

The majority of carotenoids in nature
occur in the all-trans form, which is
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molecularly identical to synthetically produced
all-trans-p-carotene.r All-trans 3-carotene can
isomerize under exposure to heat and with
oxidation' and multiple studies addressed in
this article document the isomerization of the
cis-p-carotenes (in algal p-carotene) to the
trans form in the human intestine.

The cis-isomers have been reported to
account for less than five percent of human
plasma 3-carotene but alarger proportion (10-
25%) of thetotal carotenoid content of human
tissue; 9-cis-B-carotene makes up 25 percent
of thetotal 3-carotene content of the liver and
10 percent in the adrenals. Cis-isomers were
also found in significant amounts in the kid-
neys, testes, ovaries, and fat tissue.® Thetrans-
isomer is the most common form in human
tissue, comprising up to 60 percent of the to-
tal B-carotene content. However, significantly
higher levels of the 9-cis isomer were found
in the breast adipose of women with a history
of benign breast lesions when compared to
women with a history of breast cancer.*

The debate over the differences be-
tween synthetic and food-source (or naturally-
derived commercial — from the algae
Dunaliella species) p-carotene centersaround
the role of the cis-isomers, which are absent
from synthetic all-trans 3-carotene. The im-
portance of the 9-cis isomer has been linked
to the fact that it is a direct precursor in the
intestinal enterocyte to 9-cis retinoic acid.*
Retinoic acid acts as a hormone in signaling
processes where it binds to nuclear receptors
and controls normal reproduction and main-
tenance of epithelial tissue.*” Retinoidsarea so
involved in preventing carcinogenesis, inhib-
iting squamous metaplasia, acting as a
chemopreventive agent in epithelial carcino-
genesis, and asadifferentiating agent in acute
promyelocytic leukemia.*” Specifically, 9-cis
retinoic acid binds to human nuclear retinoic
acid receptor (RAR) and retinoid X receptor
(RXR-a) and plays a significant role in the
expression of normal epithelial and squamous
tissue growth. The 9-cis retinoic acid isomer

has been studied as an antitumor agent in com-
bination studies with either tamoxifen* or
raloxifene® in experimental mammary car-
cinogenesis; both studies found significant
inhibition of mammary tumor growth when
compared to the anti-estrogens alone. Signifi-
cant inhibitory effects on head and neck squa-
mous cell carcinoma cell lines have also been
found with 9-cis retinoic acid.*®

9-cisretinoic acid isformed only from
9-cisp-carotene, whileall-trans $-carotene has
been shown to be transformed into only all-
trans retinoic acid.>* The 9-cis isomer of f3-
carotene appears to be isomerized in the in-
testinal mucosa to the all-trans isomer® and
theoretically, all-trans retinoic acid can be
metabolized into 9-cisretinoic acid. Although
this has been demonstrated both invivoand in
vitro, this pathway is not well understood and
has not been demonstrated in the human gut.*

In vitro, algal extracts of Dunaliella
containing relatively equal mixturesof cisand
trans isomers had a greater ability to prevent
methyl-linoleate peroxidation than the syn-
thetic all-trans 3-carotene.®® The ahbility of the
trans and cisisomers of 3-carotene to prevent
lipid peroxidation has also been studied in an
anima model.>* Rats were fed 1g/kg p-caro-
tene either in a Dunaliella extract of 75-per-
cent 9-cis p-carotene or a synthetic all-trans
isomer, and both groupswere fed oxidized soy
oil. Both carotenoid isomers prevented lipid
peroxidation to the same extent; however, the
transisomer resulted in asignificant depletion
of hepatic carotene stores while the 9-cisiso-
mer conserved liver carotene stores compa-
rable to the levelsin rats fed fresh soy ail.

As aresult of the conflicting data be-
tween the cancer-protective effect of dietary
carotenoid consumption and the subsequent
negative results of supplementation trials us-
ing all-transisomers of B-carotene, interestin
the absorption and biochemistry of the 3-caro-
teneisomers hasincreased. Research has cen-
tered on the absorption and utilization of the
three main isomers found in natural sources:
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Table1l: Studies of Beta-Carotene Absorption.

Gaziano, et al. ¢

Jensen, et al. %

Johnson, et al. **

You, et al. 2

Tamai, et al. 58

24 adult M + F for 6 days
100 mg synthetic vs. 66 or
100 mg algal source
(trans/cis ratio=50:50)

16 adult M and F for 7 days

24 mg p-carotene algal source:
(trans/cis ratio=40:60)

24 mg B-carotene raw carrot:
(98% all-trans)

15 M single dose of 120 mg
[-carotene containing either all-trans
BC or 80% 9-cis pC/20% all-trans

3 adult M and F single dose
1 mg p-carotene (99.4% cis)-
radioactively labeled (13C)

30 adult M 60 mg of either:
algal p-carotene

(trans/9-cis ratio=50:50) vs.

all trans or placebo — 44 weeks

160% increase in plasma p-carotene
with synthetic, all trans form.

87% increase in plasma p-carotene
with natural algal form

algal source: serum cis-carotenoid
increase 9.6% of total serum
[-carotene

carrot source: serum cis- carotenoid:
7.1% total serum p-carotene

all-trans pC well absorbed in 7 of 15
no increase in all-trans C with
mixture

>95% of 13 Cp-carotene in plasma
found as trans isomer (14-52%) and
retinol

Levels of both cis (77%) and trans
(116%) isomers significantly higher
with all-trans B-carotene

all trans, 9-cis, and 13-cis 3-carotene.

Data from absorption studies show
clear differencesin absorption among theiso-
meric forms. Multiple studies have compared
human absorption of synthetic al-trans $-caro-
tene with a natural isomeric mix of all-trans
and 9-cis pB-carotene from algal sources
(Dunaliella species). Theratios of all-transto
9-cis carotenoids in the different species of
Dunaliella vary from 40:60 to 54:37.%* Con-
sistently in the studies evaluated in Table 1,
the levels of serum and plasma all-trans and
9-cis 3-carotenoids were greater after feeding
either synthetic al-trans p3-carotene or, in the
study by Jensen,® raw carrots containing at
|east 98-percent all-trans 3-carotene compared
to an algal extract.

Jensen gave either 207 graw carrot (24
mg 3-carotene) containing 98-percent all-trans
B-carotene or an algal-source -carotene (24
mg from Dunaliella) to 16 healthy adults and
serum levels of al-trans and cis p-carotene
were compared after seven days. The
absorption of (3-carotene from the raw carrot
was greater than from thealgae and therisein
serum cis 3-carotene was significantly greater
in those fed carrots than those who received
algal carotene capsules. Despite the 50:50
trans-to-cis ratio of the algal carotenes, the
absorption rate of cis-carotenes in the serum
was only 9.6 percent of therisein total serum
p-carotene level, only dlightly more than the
riseintheserumlevel of cisp-carotene (7.1%)
with raw carrot. There was a constant serum
trans.cisratio of 11:1 after Dunaliella-derived
B-carotene ingestion indicating what other
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Figure3: Changesin PlasmaLevels of Beta- .
carotene | somers with Synthetic vs Naturally- to cis isomers has been shown to be

derived Beta-carotene between 10:1 and 50:1 after
' consumption of 5.6 mmol/kg natural

[-carotene consisting of 54-percent
all-trans 3-carotene and 37-percent 9-
15007 —QO— Synthesized (60 mg/day) cis B-CarOtene'% .

=} Dunaliella (60 mg/day) L. A StUdY by Gazi gno et al® _ex-
12004 — A - Placebo amining the difference in absorption
between all-trans B-carotene and a-
gal p-carotenefrom Dunaliella salina
(50:50 trans.cisratio) found synthetic
[3-carotene produced a higher plasma
level of all-trans §-carotene and afive-
fold increasein 9-cisp-carotene, while
the natural algal form produced only
a3.7-fold increasein 9-cisisomer. As
aresult of the significant increase in
levels of the plasma trans-isomersin
the synthetic -carotene group, how-
Week ever, the trans to cisisomer ratio was
much higher than was normally seen:
15.1 compared to a baseline of 10.3.
Thenatural sourceor algal §-carotene
—O— Synthesized (60 mg/day) did not ater the plasmaisomer ratios.
«T3~ Dunaliella (60 mg/day) After 23 additional days on an alter-
120 1 - - Placebo nate daily dosing of 50 mg synthetic
[-carotene or adaily dosing of either
66 mg or 100 mg algal-derived 3-caro-
tene, therewereno real changesinthe
isomeric ratios or the total plasma f3-
carotene ratios of those given the a-
gal source. Total p-carotene plasma
levels in subjects given synthetic 3-
carotene were higher during the entire
30 days of thetrial. It isalso interest-
ing to note there were no differences
in the plasma levels of -carotene
achieved with either 66 mg (110,000

From: Tamai H, Morinobu T, Murata T, et al. Lipids 1995; 30: 493-498. IU) or 100 mg (166’600 IU) of the
copyright ©, 1995 Lipids. All rights reserved. natural [-carotene.
Johnson®” studied the absorp-

All-trans p-carotene

All-trans p-carotene

9-cis p-carotene
150 -

ug/mL

9-cis p-carotene

tion of a“natural” algal carotene mix-
researchers have found, ahigher ratio of trans ture containing 80-percent 9-cis -carotene
to cis isomers in the serum, plasma, and and equal amounts of all-trans 3-carotene, o.-
chylomicrons after feeding algal-source - carotene, and 13-cis 3-carotene versus a mix-
carotene.® In chylomicrons, the ratio of trans ture containing 93-percent all-trans 3-carotene

Alternative Medicine Review 0 Volume 5, Number 6 0 2000 Page 537
Copyright©2000 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



and 7-percent o-carotene, 9-cis and 13-cis
carotenes. The two mixtures were given to 15
malevolunteersin single dosesoneweek apart.
Serum levels in the group given the 9-cis p-
carotene mixture did not show appreciable
changesin the al-trans isomer and the levels
of 9-cis pB-carotene were significantly raised
at only one point during the 24 hours of mea-
surements. The serum levelsfollowing the 93-
percent al-trans mixture were significantly
higher for the all-transisomer and showed no
increase in the 9-cisisomer.

Tamai*® gave 38 male volunteerseither
60 mg synthetic all-trans -carotene or 60 mg
algal p-carotene (trans-to-cis ratio 50:50) for
44 weeks. His group found the levels of all-
trans B-carotene in the plasma of those who
had taken the synthetic form weretwiceashigh
as for those who had taken the natural form.
Surprisingly, he also found the synthetic 3-
carotene group had asignificantly higher level
of plasma 9-cis -carotene, even though there
were no 9-cis -carotene isomers in the syn-
thetic form (100% all-trans -carotene) (Fig-
ure 3). The authors concluded that isomeriza-
tion from the all-trans to the 9-cis form prob-
ably takes place in the body during or after
absorption and that the 9-cisform accumul ates
in tissue as aresult.

A study was published one year after
Tamai’swork that appearsto solvetheall-trans
and 9-cis isomerization question. A group at
Cornell University® gave three healthy adults
a1l mg (1666 1U) single dose of 99-percent
cisp-carotenelabeled with aradioactive tracer
(13C) and found over 95 percent of the cisiso-
mers had been isomerized to trans 3-carotene
or transformed into retinol prior to entering
the bloodstream. Using calculations the au-
thors admit “may be underestimates’ they
speculated that 14-52 percent of the cis3-caro-
tene had been isomerized to the all-transform.

They aso compared the absorption of
the labeled cis -carotene by giving a single
dose of unlabeled cis 3-carotene el ght months
later.>? Asaresult of the comparison data, they

produced three provocative points. First, this
was the first definitive proof that cis f-caro-
tene is isomerized in the intestinal lining to
thetransisomer before absorption. Second, the
authors suggest that greater amounts of all-
trans 3-carotene are absorbed and secreted into
chylomicrons after cis 3-carotene dosing than
occurred after an equivalent dose of all-trans
p-carotene, aluding to the fact that (unlike
other researchers’ findings) the cisisomer may
actually be better absorbed. Third, most of the
radioactively-labeled retinol produced by the
study subjects was made from the labeled
trans-isomer rather than being produced di-
rectly from the labeled cis-isomeric form of
B-carotene, pointing out a more efficient
mechanism for retinol production by trans-
forms of p-carotene. They concluded the
Isomerization process could serve asacontrol
mechanism for the production of 9-cisretinol.
Because this study used a very small dose of
[-carotene (1666 |U), absorption mechanisms
may not be reproducible with higher doses.

The results of this study point out the
gaps in our knowledge about cis -carotene
and itsrelationship to 3-carotenoid absorption
and metabolism. They also provide an expla-
nation for the previous dosing studiesinwhich
9-cis B-carotene blood levels were always
lower than dosing levels, aresult of theisomer-
ization of the cisisomer to the transisomer in
the intestine.

Although 9-cis 3-carotene (along with
the 13-cis and 15-cis isomers found in food
and naturally-occurring substances) may serve
an important function in human physiology
that cannot be replaced by synthetic $-caro-
tene, the consequences of using all-trans syn-
thetic B-carotenes are at this point unknown.
There is evidence that 13-cis 3-carotene can
be produced from all-trans -carotene in sig-
nificant quantities. as much as 10 percent of
total p-carotene intake.*® Certainly, using the
B-carotene carotenoid exclusively may be
problematic as there appears to be a possible
competitiveinhibition between (3-carotene and
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lutein. However, asdiscussed previously, long-
term p-carotene studies have not found such
competition. Whether or not the lower lutein
levels seen in the Finnish Smokers Study are
relevant is unknown.

Beta-CaroteneTrials

Intervention studies with p-carotene
have not shown the efficacy predicted by ob-
servational and animal studies. The well-pub-
licized intervention trials with p-carotene, the
Alpha-Tocopherol Beta-Carotene Cancer Pre-
vention Study (ATBC)® and the Beta-Caro-
tene Retinol Efficacy Trial (CARET),®* were
designed to assess the effects of tocopherol,
[-carotene, and retinol in populations at high
risk for lung cancer — former and present
smokers and asbestos-exposed workers.

The ATBC trial (Finnish Smokers
Study) looked at the effect of supplementa-
tion of alpha-tocopherol (50 mg) and 3-caro-
tene (20 mg), alone or in combination, in

higher and the incidence of mortality 17-per-
cent higher than the placebo group. Thosewho
were smoking during the study had an even
higher risk of lung cancer: arelative risk of
1.42 (42-percent increaseinincidence). Inthe
participantswho had stopped smoking at |east
two years prior to entry, the combination of 3-
carotene and retinol had aprotective effect that
did not reach statistical significance —arela
tive risk of 0.80 for diagnosis of lung cancer
during the study period.

A third study, the Physicians' Health
Study (PHS), assessed the effect of 50 mg p-
carotene every other day and 325 mg aspirin
alone or in combination for 12 years against a
placebo group in apopulation of 22,071 phy-
sicians.®? The endpointsin thisstudy were can-
cer and cardiovascular disease incidence and
mortality. Although the population of current
smokersin this study was smaller (11%), the
population of former smokers (39%) was sub-
stantial. There was no increased incidence of

29,133 smokers for 5-8 years. At the con-
clusion of the study, those receiving -caro-
tene, alone or in combination with toco-
pherol, had a 16-percent increased inci-
dence of lung cancer compared to those
receiving tocopherol aoneor placebo. The
elevation of risk wasrestricted only to those
who were smoking at least one pack of
cigarettes daily; those smoking less than
one pack daily had noincreasein lung can-
cer risk and B-carotene had no effect on
other types of cancers (prostate, bladder,
stomach, colorectal).

The CARET study evauated the ef -
fect of 30 mg p-carotene and 25,000 U
retinyl palmitate versus placebo in 18,314
men and women.®* Twenty-two percent of
the study population were occupationally
asbestos-exposed, 39 percent were former
smokers, and 60 percent were current
smokers. The trial was ended two years
early, after approximately four years, when
the incidence of lung cancer in the inter-

Table2: Treatment Groupsin Linxian
Study.®®

Treatment Group

Treatment (daily dosage)
1 retinol 5,000 U
zinc 22.5 mg
2 riboflavin 3.2 mg
niacin 40 mg

ascorbic acid 120 mg
molybdenum 30 mcg

4 [-carotene 15 mg
selenium 50 mcg

a tocopherol 30 mg

Treatment group

nen; 1+2, 143, 1+4, 2+3, 2+4, 3+4,
combinations:

1+2+3+4, placebo

vention group was found to be 28-percent
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Table 3: Comparisons of Intervention Trials with Beta-Carotene and Other

Antioxidants.

treatment *Aspirin 325 mg
g other day
*combination
*placebo

% former plus
current smokers
at initiation

Plasma -
carotene levels
after intervention
(micrograms/ml)

*a-tocopherol (50 mg) [ *retinol (25,000 IU) | xB-carotene (15 mg)
*B-carotene 50 mg | *B-carotene (20 mg)
*combination
*placebo

plus B-carotene *selenium (50 mcg)
(30 mg) *a tocopherol
*placebo (30 mg)

mortality or cancer diagnosis in the p-caro-
tene population, and only those in the lowest
quartile for baseline plasma 3-carotene expe-
rienced a protective effect of p-carotene for
prostate cancer.

A fourth study, from Linxian, China,
compared the cancer-protective effects of four
supplemental vitamin and mineral combina-
tions.®® The study included 29,584 adults di-
vided into eight groups: either placebo or com-
binations of retinol, zinc, riboflavin, niacin,
ascorbic acid, molybdenum, 3-carotene, sele-
nium, and a.-tocopherol, in acomplex 2 x 2 X
2 x 2 factoria design that included all pos-
sible combinations of thefour groupsin paired
sequences (Table 2).

The study was conducted for five
years. At the conclusion the group taking 50
mcg selenium, 30 mg a-tocopherol, and 15
mg -carotene, when compared to the other
intervention groups and placebo, had a
reduction in cancer risk of 13 percent,
primarily dueto adecreasein theincidence of
gastric cancer.

Comparisons of these trials are useful
even though they involved different treatment
protocols, patient populations, and endpoints
(Table 3).

The Linxian study used the smallest
dosage of B-carotene (15 mg) and resulted in
the lowest mean level of plasma 3-carotene
(0.86 mcg/mL). The incidence of lung cancer
was reduced by 55 percent athough, because
therewereonly 31 total deathsfrom lung can-
cer in the study, the statistical power of lung
cancer incidence was low.® The number of
patientsin thistrial who were“ever smokers’
(current or former smokers) was 30 percent,
compared to 50 percent in the PHS trial, 100
percent in the ATBC trial, and 80 percent in
the CARET trial .53

The ATBC study, providing 20 mg -
carotene/day, resulted in the highest mean
plasmalevelsof 3.0 mcg/mL, alevel 18-times
higher than the mean baseline. Higher plasma
levelsof B-carotenein thisstudy, however, had
no relationship, positive or negative, to lung
cancer incidence.®® In all three intervention
studies where the incidence of smoking was
highest (ATBC, PHS, CARET), the overall
mortality and the incidence of cancer were
inversely correlated with the baseline levels
of pB-carotene, independent of treatment pro-
tocol.! The implications of the ATBC and
CARET studies—that [3-carotene actsasa co-
carcinogen — have been criticized because the

Page 540

Alternative Medicine Review 0 Volume 5, Number 6 0 2000
Copyright©2000 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission




smokers in the studies had been smoking for
many years (36-pack-year history was the av-
eragein the ATBC study) prior to study entry.
Thecritical stages of initiation and promotion
of tumors, stages that antioxidants have been
shown to inhibit,* may have already been by-
passed at the initiation of the trials.!

Carotenoids as Pro-oxidants

Carotenoids, asaclass, are particularly
vulnerable to free radical attack due to their
long chains of conjugated double bonds.® A
pro-oxidant effect hasbeen seenininvitro and
animal studies, both in high concentrationsand
in the presence of tocopherol deficiencies.®
Thegas phase of cigarette smoke containshigh
levelsof oxidants (nitric oxide) that have been
shown to interact with lipid membranesto in-
duce lipid peroxidation and protein oxidation
to form protein-bound carbonyl groups.®’ The
protein-carbony! groupsresult in theinactiva-
tion of crucial enzymes such as creatine ki-
nase and lecithin-cholesterol acyltransferase.®’

Carotenoids interact with cigarette
smoke-contai ning oxidants. Depletion of caro-
tenoids and tocopherol, particularly trans--
carotene, al pha-tocopherol, and lycopene, has
been demonstrated in cigarette smoke-exposed
human plasma.®® As 3-carotene acts as a scav-
enger of nitrogen oxides in cigarette smoke,
[-apo-carotenal s and other carotene oxidation
products are created that, if not effectively
neutralized by other antioxidants (specifically
tocopherol and ascorbate), may initiate cell
damage that could lead to neoplasm.®® Mul-
tiple studies have substantiated that toco-
pherols (both a phaand gamma) protect caro-
tenoidsfrom auto-oxidation.® " Ascorbate al so
actsto protect both tocopherol and 3-carotene
from oxidative damage and has been shown
to preserve B-carotene in oxidized human
L D L _71,72

Thetheory that 3-carotene becomesan
oxidant in the plasma and possibly tissues of
smokers appears to be probabl e given the low
antioxidant levels of smokers’ blood.®®

Whether or not these carotenoid radicals can
initiate cancer is, however, disputed. Baker™
and colleagues examined amodel of liposomes
exposed to cigarette smoke. They found that
[3-carotene neither enhanced lipid peroxidation
in membranes nor contributed to the depletion
of other antioxidants. They concluded, “The
datastrongly suggest that, although -carotene
isreadily oxidized by smoke, pro-oxidant ef-
fects are unlikely to account for the apparent
enhancement of lung cancer in smokers tak-
ing this supplement.”

Oneactual benefit of 3-carotene’spro-
oxidant effect may beitsactionintumor cells.
Carotenoids as aclass appear to act asoxidiz-
ing agents selectively intumor cellsby increas-
ing the production of heat shock proteins
which ultimately enhance tumor cytotoxicity.”

Conclusion

The issues of absorption and metabo-
lism of carotenoids are full of unanswered
guestions. The significant inter-individual and
intra-individual variations in absorption of -
carotene indicate the possible effect of medi-
cations, individual variations in gut pH, sub-
clinical fat malabsorption, and intestinal
dysbiosisthat exist outside of overt fat malab-
sorption and gastrointestinal disease.

Competitive inhibition of different
carotenoids appears to occur in single-dosing
studies but only bears out in long-term human
studiesthat involve smoking populations. Itis
not clear whether there is an interaction be-
tween synthetic f-carotene and cigarette
smoke that may have caused lower lutein lev-
elsin the Finnish Smokers Study.

The efficient uptake of synthetic al-
trans (3-carotene and isomerization in the gut
to 9-cis p-carotene appears to make the
synthetic form more desirable for effective
absorption. But the tendency of synthetic p3-
caroteneto alter normal serum trans/cisratios
in favor of the trans isomer may not be a
beneficial effect. If, astheorized by You et a,
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the preferred absorption of al-trans isomers
isamechanism to control the production of 9-
cis retinoic acid by the 9-cis -carotenoid
isomer, then artificial down-regulation of this
important chemopreventive growth-regulator
may not be wise.

Clearly, more research is needed to
fully understand the antioxidant mechanisms
in B-carotenoid physiology. Theisomerization
of al-trans 3-carotene in the gut lumen to 9-
cis [3-carotene is not athermodynamically fa-
vored reaction and may be catalyzed enzymati-
cally.”™ The 9-cis 3-carotenoids do appear to
have an advantage as antioxidantsin prevent-
ing depletion of hepatic 3-carotene stores in
the rat model; however; whether or not cis f3-
carotenoids act as antioxidants at the human
gut surface is unclear.

The transport mechanisms of 9-cis 13-
carotenoids may be different than those de-
fined for all-trans 3-carotenoids and may ex-
plaintheir appearanceintissuesat greater lev-
els than those found in plasma. Again, if all-
trans(3-caroteneisre-isomerizedin thetissues
to the 9-cisform, unknown enzymes may cate-
lyze these reactions and we have little if any
information about them.

The possibility that 3-carotene acts as
a pro-oxidant and co-carcinogen in the lung
tissue of smokers who smoke more than one
pack per day has not been ruled out and the
use of B-carotene (natural or synthetic) in
heavy smokers or those exposed to significant
amounts of airborne nitric oxides must be
guestioned, as we do not have enough infor-
mation about the antioxidant deficiencies in-
herent in this population.
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