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ABSTRACT

Colonie adenocarcinoma affects approximately 6% of adults in many
Western countries. ÃŸ-Carotene (BC), a safe, inexpensive, and widely avail

able compound, has been proposed as a cancer chemopreventive agent. To
evaluate whether BC shows promise as an inhibitor of colonie carcino-

genesis, we studied 20 male subjects who had previously undergone re
section of colonie adenocarcinoma. Each subject received ÃŸ-carotene, 30

mg orally, daily for 6 months. Rectal mucosa was sampled at multiple
intervals prior to, during, and following BC administration. Mucosal or-

nithine decarboxylase (ODC) activity and serum and mucosa! BC concen
trations were determined at each interval. ODC activity was inhibited by
44% (/><0.05)and57% (P < 0.01) after! and 9 weeks, respectively, of BC

administration and remained low compared with baseline even 6 months
following discontinuation of BC. Serum and mucosa! BC concentrations
increased as expected during BC administration and remained elevated
for 6 months following BC discontinuation. The demonstrated inhibition
of rectal mucosa! ODC activity in these patients with resected colon cancer
suggests that BC may prove useful as a cancer chemopreventive agent.

INTRODUCTION

BC,3 a naturally occurring provitamin A carotenoid with no signif

icant toxicity (1, 2) inhibits experimental carcinogenesis in many
animal models. Proposed mechanisms include the inhibition of oxi
dation, inactivation of free radicals, immunological enhancement, and
antimutagenicity (3-8). A protective effect of BC against carcinogen

esis is less certain in humans, but serological and dietary studies have,
with few exceptions, documented lower serum carotenoid levels or
lower consumption of carotenoid-containing foods in individuals de

veloping cancer (9). While these human studies suggest that BC is
protective, this conclusion is uncertain because foods containing BC
may also contain other protective components and because frequent
consumers of carotenoid-containing foods may engage in other health-

promoting practices as well.
Confounding influences such as these mandate controlled trials to

determine the protective effect of individual dietary components.
However, intervention trials with colonie cancer as the end point may
be unethical. Even trials with colonie adenomas as the end point are
necessarily large and expensive. These considerations have stimulated
interest in the evaluation of putative intermediate markers of cancer
risk, e.g., nuclear aberrations or indices of proliferation, and the use of
these markers as end points in clinical trials (10-13).

We report a prospective clinical trial designed to determine whether
BC inhibits rectal mucosal proliferation as reflected by mucosal ODC
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activity. ODC is the initial and often rate-limiting enzyme in the

synthesis of polyamines. the intracellular mediators of cell prolif
eration (14, 15). In animal models, tumor-promoting agents induce
ODC (16-18), and specific inhibitors of ODC inhibit carcinogenesis

(19, 20).
We also report simultaneous serum and rectal mucosal concentra

tions of ÃŸ-caroteneduring and following several months of supple

mentation, and this paper represents one of the few reports providing
data concerning distribution of this potential inhibitor of carcinogen
esis in human tissue other than blood.

MATERIALS AND METHODS

Twenty male subjects ranging in age from 48 to 73 years (mean, 63 years)
were studied. All had undergone segmental resection (18 subjects) or colono-

scopic resection of colonie adenocarcinoma between 6 and 36 months prior to
entry. Ten cancers had arisen in the sigmoid colon, two in the descending, and
eight in the cecum or ascending colon. Five were Dukes' A, seven were Dukes'
Bl, and eight were Dukes' B2. Exclusion criteria included any second malig

nancy, treatment with radiation or chemotherapy, malnutrition, alcoholism,
renal or hepatic disease, inflammatory bowel disease, a requirement tor en
docarditis prophylaxis during invasive procedures, or the use of estrogens,
anabolic steroids, or glucocorticoids. Vitamin and mineral supplements and
nonsteroidal anti-inflammatory drugs including aspirin were discontinued at

least 14 days prior to entry. Subjects unable or unwilling to discontinue these
medications were excluded. Twelve of the 20 participants were taking other
medications: hydrochlorothiazidc (7 subjects), long-acting nitrates (3 subjects),
ÃŸ-blockers (3 subjects), triamterene (2 subjects), gcmfibrozil (2 subjects),
ranitidinc (2 subjects), and allopurinol. digoxin, prazosin, nifedipine, Syn-

throid, meclizine, phÃ©nobarbital,amitriptylinc, and glipizidc (1 subject each).
Each participant completed two baseline visits for phlebotomy and rectal

biopsy. Baseline visits were spaced 2 weeks apart. BC (Solatene; Holfman-

LaRoche), 30 mg orally, was administered daily for 24 weeks beginning at the
second baseline visit. Phlebotomy and rectal biopsy were repeated 2, 9, 16, 24,
28, and 52 weeks after starting BC. All phlebotomies and rectal biopsies were
performed after overnight fasts between 8 and 10 a.m. and at the same time
within this limited range for each individual subject. Blood for BC' determi

nation was drawn into a light-protected plastic syringe, allowed to clot for I h,

and then centrifuged. Serum was separated, recentrifuged, and aliquotlcd into
plastic screw-cap cryovials using plastic syringes and pipettes under red light.

Cryovials were 90% filled so as to leave minimal dead space after freezing.
Vials were wrapped in foil, frozen, and stored at -70Â°C until shipment on dry

ice to the University of Illinois at Chicago for BC analysis as previously
described (21).

At each visit, six pinch biopsies were obtained from the unprcpped rectum
via a flexible sigmoidoscope. Biopsies were obtained from macroscopically
normal tissue at the rectal valve that was closest to 10 cm from the anal verge.
Mucosal samples were immediately placed in cryovials (four samples in one
vial for assay of ODC activity, two samples in a separate foil-wrapped vial for
BC assay) which were suspended in liquid nitrogen at the liquid-gas interface,

simultaneously snap freezing the mucosal samples and filling the vials with
nitrogen gas. The vials were sealed, dropped into the liquid nitrogen, and
transferred to a -70Â°C freezer for storage.

Rectal mucosal samples for BC assay were shipped overnight on dry ice to
the University of Illinois at Chicago where samples were handled under very
subdued light. Samples were thawed, blotted, weighed, and homogenized in
0.5 ml methanol:water (1:1). The homogenates were saponified by addition of
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KM)(il Wlrr KOH and 1(K);xl ethanol pyrogallol solution (2%). After incuba
tion at 65Â°Cfor 60 min, thÃ©mixture was twice extracted with 2 ml hexane

containing 100 mg butylated hydroxytolucnc/liter. The hexane layers were
combined and washed with 1 ml water. The water layer was then extracted with
1 ml hexane, and this extract was again added to the original hexane extract.
The total hexane extract was evaporated to dryness under vacuum, and the
residue was reconstituted to 2110jxl volume by adding 50 Â¡JL\ethyl ether and 150
/Â¿Imobile phase. This solution was then analyzed as previously described for
sera (21).

Cryovials containing mucosal samples for ODC activity assay were shipped
overnight on dry ice to the laboratory of G. D. Luk, where assays were
performed according to a previously published method (22). In previous stud
ies in that laboratory, ODC activities performed on multiple simultaneously
obtained samples have varied no more than 10% with storage intervals as long
as 6 months.

Data are expressed as means Â±SEM. Data for ODC and serum and rectal
mucosal BC were normalized by log transformation. Transformed data for each
variable were compared over time by repeated measurement analysis of vari
ance. Dunnett's test was utilized to perform pairwise comparison of each time

point to baseline. A P value of <0.05 was considered significant.
The research plans were approved by the Walter Reed Army Medical Center

Human Use and Clinical Investigation Committees. All subjects provided
written, informed consent.

RESULTS

Baseline scrum BC concentrations ranged from 47-691 ng/ml
(217 Â±21), and baseline tissue BC concentrations ranged from 23-

538 ng/g (137 Â±22). Both serum and mucosal concentrations of BC
remained stable between the two baseline visits (Fig. 1) but were
significantly elevated above baseline levels after 2, 9, 16, and 24
weeks of BC administration. At 24 weeks, the increases from baseline
levels were approximately 700% for serum and 500% for tissue. Each
subject achieved an increase in both serum and tissue BC concentra
tion of at least 300%.

Baseline rectal mucosal ODC activity ranged from 21-192 pmol/

h/mg tissue (72 Â± 12). Tissue ODC activity remained unchanged
between the two baseline biopsies (Fig. 2). Compared with baseline,
mean ODC activity was decreased at 2 and 9 weeks by 44% (P <
0.05) and 57% (P < 0.01), respectively. At 16 and 24 weeks, mucosal
ODC activity was reduced by 30 and 35%, respectively, compared
with mean baseline values. After 2 weeks of BC supplementation,
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Fig. 1. Recial mucosal and scrum BC concentrations at baseline, during, and subse
quent to 24 weeks of daily oral administration of 30 mg BC. Broken lint's, serum

BC concentration; saliti Unes, mucosal BC concentration. Points (bars), means (SEM) for
20 subjects.
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Fig. 2. Rectal mucosal ODC activity at baseline, during, and subsequent lo 24 weeks
of daily oral administration of 30 mg BC. Points (bars), means (Â±SEM).

three of the four individual participants with the lowest baseline
mucosal ODC activities showed no further decrease in ODC activity.
Mucosal ODC activity had decreased by 2 weeks for the remaining
subjects, but neither the baseline level of ODC activity nor the tissue
or serum BC concentration reliably predicted the magnitude of the
decrement in ODC activity for an individual subject.

Following the discontinuation of BC after 24 weeks, the serum and
tissue BC concentrations rapidly decreased but remained significantly
above baseline levels at 28 weeks (serum and mucosa) and 52 weeks
(serum only). Tissue ODC activity remained suppressed below basal
levels at both data points.

DISCUSSION

Results of this study show that oral BC, 30 mg/day, significantly
inhibits rectal mucosal ODC activity concomitantly with increases in
serum and rectal mucosal BC concentration. Since the study was not
placebo controlled, one could postulate that confounding factors such
as dietary changes may have produced these results. Several other
features of the study design and results mitigate against this explana
tion for the observed decrement in mucosal ODC activity. These
include the mandatory delay of at least 6 months from cancer resection
to enrollment in the study, the near equality of mucosal ODC activity
on 2 baseline mucosal samples obtained 2 weeks apart, and the ra
pidity, magnitude, and statistical significance of the decrement of
ODC activity following BC intervention.

We also measured serum concentrations of a- and 7-tocopherol and
the other commonly detected carotenoids (lutein, lycopene, crypto-
anthin, and a-carotene) as surrogates for dietary assessments (data not
shown). Any major shifts away from the standard American high-fat,
high-protein dietary consumption toward fruits, vegetables, and grains

should have produced increases in these micronutrients. The only
increase observed for any of the measured nutrients other than BC was
a gradual increase in serum a-carotene from 59 ng/ml at baseline to
110 ng/ml at 24 weeks, which was probably due to traces of a-caro

tene present in the Solatene BC supplement, as previously demon
strated in the laboratory of P. E. Bowen.4 The observed stability of

lycopene, lutein, and cryptoxanthin during and after the period of
ÃŸ-carotcnesupplementation suggests that subjects did not radically

alter their eating patterns.
The inhibition of ODC activity by BC persisted throughout the

period of supplementation and after discontinuation of BC, although
there was a gradual increase of ODC activity toward baseline after 9

"*Unpublished observations.
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weeks of therapy. The gradual increase in mucosal ODC activity
following 9 weeks could be spurious since the ODC activity at 16 and
24 weeks remained closer to the ODC activity at 2 weeks than to
baseline levels. On the other hand, if the increase observed after 9
weeks is real, this observation would suggest a partial adaptation to
the intervention. Following the discontinuation of BC supplementa
tion, mucosal ODC activity remained well below baseline levels,
consistent with continuing partial suppression of ODC activity by the
residual stores of serum and tissue BC.

In summary, this study shows that oral administration of BC, a safe,
inexpensive, and widely available provitamin, increases rectal mu
cosal BC concentration and suppresses rectal mucosal ODC activity.
These findings suggest that BC reduces proliferation in flat rectal
mucosa. ÃŸ-Carotene may act at this early step to reduce the risk of

colonie neoplasia, a hypothesis which is currently being assessed in
adenoma recurrence reduction clinical trials.
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