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Fluorescence spectroscopy as a biomarker in a cell
culture and in a nonhuman primate model for ovarian
cancer chemopreventive agents
Molly Brewer

Abstract. Objective: The objective of this study was to compare the
effects of chemopreventive agents on natural fluorescence emission of
ovarian cells in a cell culture and in a primate model as a feasibility
trial to monitor drug activity. Methods: Fluorescence emission spectra
were collected from normal (NOE) and immortalized ovarian surface
epithelial cells at 290, 360, and 450 nm excitation. Redox potentials
were calculated and compared to % apoptosis and cell survival. Fluorescence emission spectra were collected from 18 female rhesus
macaques receiving fenretinide [N-(-hydroxyphenyl)retinamide (4HPR)] orally and/or oral contraceptive pills (OCP) or no medication.
Fluorescence intensities and redox ratios were compared using a twotailed Student’s t test. Results: Apoptosis and cell survival correlated
with fluorescence emission consistent with metabolically active proteins [flavin adenine dinucleotide (FAD) and nicotinamide adenine
dinucleotide (NAD(P)H)] and the resulting redox ratio in cells grown
with 4-HPR. The 4-HPR consistently inhibited cell survival in a dose
dependent manner. Degree of correlation varied between different
cell lines. In primates receiving 4-HPR, fluorescence emission was
increased at 450 nm excitation, 550 nm emission consistent with FAD
presence, whereas those receiving OCP showed decreased emission
at 350 nm excitation, 450 nm emission consistent with decreased
NAD(P)H presence. Redox ratios were increased by both drugs. Conclusions: Fluorescence intensity and redox ratio appear to be altered
by 4-HPR treatment in vivo and in cell culture and by OCP in vivo.
Fluorescence intensity may be useful to monitor chemopreventive
agents in clinical trials. © 2002 Society of Photo-Optical Instrumentation Engineers.
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1

Introduction

Epithelial ovarian cancer has the highest mortality rate of any
of the gynecologic cancers. Only 40% of patients survive five
years, despite aggressive treatment, due, in part, to the fact
that 70% of patients are diagnosed after metastases have already occurred.1 Given our inability to cure ovarian cancer,
strategies for prevention merit at least as much attention as
does treatment of disease. Cancer chemoprevention refers to
the administration of chemical agents that prevent or delay the
development of cancer in healthy people. Biomarkers that are
likely to be affected by the preventive agent and whose modulation supports the postulated chemopreventive activity2,3 are
one of the most important components for prevention studies.
Identification of these predictive biomarkers would shorten
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the time necessary for prevention studies by assessing drug
activity rather than following patients for the years that it
takes for cancers to develop.3 However, development of
biomarkers is the most difficult and time consuming aspect of
prevention studies and usually requires an invasive biopsy.
The ability to noninvasively monitor drug activity wold be a
major advancement in the prevention of ovarian cancer and
could potentially be extended to other organ sites, thus reducing the morbidity of preventing disease.
Retinoids, vitamin A derivatives, have been studied as cancer chemopreventive agents4 –7 based on epidemiologic data
showing that diets high in vitamin A are associated with lower
odds of epithelial cancers. An Italian trial that evaluated N-共4hydroxyphenyl兲 retinamide 共4-HPR兲 for prevention of secondary breast cancers incidentally demonstrated a decreased inci1083-3668/2002/$15.00 © 2002 SPIE
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dence of ovarian cancer in the women receiving 4-HPR,
suggesting that retinoids prevented the development of ovarian cancer.4 After cessation of 4-HPR treatment, new ovarian
cancers occurred in the treatment group, suggesting that the
prevention was not durable. Experimental studies have demonstrated that retinoids can affect human ovarian cancer cell
growth by inhibiting proliferation and inducing apoptosis,5–7
which are thought to be important mechanisms in cancer
prevention.8 Retinoids, particularly 4-HPR, have been shown
to increase aerobic glycolysis by increasing mitochondrial
permeability to the co-enzymes nicotinamide adenine dinucleotide 共NAD共P兲H兲 and flavin adenine dinucleotide 共FAD兲, as
well as activity of the electron transport chain characterized
by an increase in reactive oxygen species and cytochrome
oxidase.9,10 Thus, retinoids are drugs whose activities are potentially amenable to surveillance with fluorescence spectroscopy. Other chemopreventive agents are also of interest in the
ovary. Multiple epidemiologic studies have shown that the
oral contraceptive pill 共OCP兲 use for at least five years is
associated with a 50% or greater reduction in the odds of
developing ovarian cancer.11–15 The mechanism of this prevention is unclear; one factor may be suppression of ovulation, but other mechanisms are hypothesized. A single prospective study has shown that OCP and progesterone
increased the rate of apoptosis of ovarian surface epithelial
cells in primates.16
In the last decade, there has been substantial research to
develop optical methods as early diagnostic tools for
cancers.17–20,27 Current diagnostic techniques lack sufficient
predictive value to diagnose preinvasive cancers when they
might be prevented from progressing or to diagnose small
invasive cancers that might be cured with minimal morbidity.
Novel optical techniques can aid in the early, near real-time
diagnosis by localizing abnormal areas without a visible lesion for biopsy. This paper describes the use of fluorescence
spectroscopy as a marker for the action of drugs that may
prevent cancers by inducing quiescence of those cells destined
to develop into cancer or by reversing preinvasive changes
that have not yet developed into a cancer.
Natural fluorophores in tissue include NAD共P兲H, FAD,
structural proteins such as collagen, elastin, and their crosslinks, and the aromatic amino acids tryptophan, tyrosine, and
phenylalanine, each of which has a characteristic wavelength
for excitation with an associated characteristic emission. Fluorescence collected on the tissue surface is also affected by
absorption and scattering. Fluorescence spectroscopy is being
used to detect cancers noninvasively in many organ systems,
including the cervix, head, and neck and the lungs.17–20 Fluorophore concentrations change as normal tissues progress to
cancer.21 Different changes in the fluorescence signature may
occur in response to an agent that arrests cell growth or induces apoptosis. In this study, we evaluated fluorescence
spectroscopy as a marker for drug activity in the ovary in the
monkey and as a measure of metabolic activity in cell culture.
A redox ratio can be calculated as the ratio of the FAD
fluorescence intensity to that of the sum of FAD and
NAD共P兲H intensities, and is a measure of aerobic glycolysis
in tissue.21 An increasing redox ratio signifies that either FAD
fluorescence intensity has increased, NAD共P兲H fluorescence
intensity has decreased, or both changes have occurred. In a
prior pilot study in women,22 differences in excitation-

emission matrices 共EEMs兲 from normal ovaries and invasive
cancer were observed with peaks at 350 nm excitation and
460 nm emission wavelengths that represent both collagen
and NAD共P兲H. These peaks were higher in the cancers suggesting increased NAD共P兲H signal. In tumors, these coenzymes are thought to exist in their reduced state 共NAD共P兲H,FADH兲 with a unique fluorescence signature 共NAD共P兲H
high, FAD low兲 as a result of alterations in blood flow, decreased pH of the tissue, abnormal mitochondria, and abnormal transport of electron carrier molecules into the
mitochondria21 where the electron transport chain takes place.
This study is a feasibility study to explore fluorescence
spectroscopy as a biomarker for drug activity. In the present
study we have used three different human ovarian epithelial
cell lines to explore whether apoptosis and growth inhibition
induced by 4-HPR are correlated with changes in NAD共P兲H
and FAD fluorescence intensity and the resultant redox potentials. We have further explored the changes in fluorescence
spectra in response to chemopreventive agents in a primate
model that allows us to evaluate the response of the ovary in
situ to these drugs where the surface epithelial cells are in
contact with stromal cells. The cell model has permitted
evaluation of several different combinations and doses of
drugs, whereas the primate provides an in vivo model that can
provide a bridge for human clinical studies due to similarities
in reproductive function between primates and women. These
studies have permitted us to evaluate the potential role of
fluorescence spectroscopy as a biomarker for chemopreventive drug activity in the ovary.

2

Materials and Methods

2.1

Cell Culture

2.1.1 Experimental Design
Three different cell lines were incubated with different doses
of 4-HPR 共0, 2, 5, 10 M兲 to evaluate sensitivity to 4-HPR.
TGF-␤1 has been shown to have additive effects in some cell
lines in the induction of apoptosis, but had no effect in these
cultures. Primary cultures of normal ovarian epithelial 共NOE兲
cells were established from surgical specimens of normal ovaries as previously described.23 They were maintained in a 1:1
mixture of cell culture media MCDB 105 and Medium 199
supplemented with 5% fetal bovine serum, 2 mM
L-glutamine, 100 units/ml penicillin and 100 g/mL streptomycin. Simian virus 40-immortalized ovarian surface epithelium cell lines IOSE-29 and IOSE-261 were established as
immortalized cell lines. They were maintained in a 1:1 mixture of MCDB 105 and Medium 199 supplemented with 5%
fetal bovine serum and 50 g/mL gentamycin sulfate.

2.1.2 Fluorescence
NOE, IOSE 29, and IOSE 261 were the three cell lines used.
After three days of treatment with 4-HPR or diluent, cells
were harvested. Since the media itself shows a strong autofluorescence the cells were washed three times with phosphate
buffered saline 共PBS兲 before optical studies were performed.
For the spectroscopic studies, all cells were diluted in sterile
buffered isotonic saline solution 共PBS兲 with 5% glucose. The
cell suspension was centrifuged at 400 g for 10 min. then
washed three times. Fluorescence emission was measured usJournal of Biomedical Optics
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ing a scanning spectrofluorimeter 共Hitachi Ltd., F-4010, Tokyo, Japan兲. Excitation light was generated at three wavelengths to probe for fluorescence consistent with tryptophan,
the co-factors NAD共P兲H and FAD. Because of the design of
the fluorimeter and the inherently weak signal of the autofluorescence of the cell suspension, additional optical components
were placed into the excitation and emission beam path. Dielectric bandpass filters 共Omega, Brattleboro, VT兲 reduced the
out-of-band light of the excitation monochromator and long
pass filters 共colored glass filters, Schott Glass Technologies,
Duryea, PA兲 prevented stray light generated in the sampling
chamber from reaching the detector. For each of the three
excitation wavelengths a different filter set was used. At 290
nm excitation, emission spectra were recorded from 300 to
570 nm, at 365 nm excitation from 375 to 720 nm emission,
and at 460 nm excitation from 470 to 800 nm emission. In all
measurements at 290 nm excitation, emission peaks were observed at 340 nm consistent with tryptophan. At 365 nm excitation emission peaks were located at 450 nm consistent
with NAD共P兲H and at 420 nm consistent with water Raman
scattering. At 460 nm excitation, emission peaks were located
at 520 nm consistent with FAD emission and at 540 consistent
with water Raman scattering.
Studies were conducted using a microcuvette with a volume of 200 L. The cells were repeatedly stirred with a pipette to prevent settling between the measurements. A fluorescence standard was measured each measurement day at all
three excitation wavelengths to monitor system drift. The
standard solution was 2 mg/L Rhodamine 610 共Exciton, Dayton, OH兲 in ethylene glycol.

sulforhodamine B 共SRB兲 assay. A 0.4% 共w/v兲 solution of SRB
共Sigma Chemicals, St. Louis, MO兲 was made in 1% acetic
acid. The medium was aspirated and the cells fixed in situ
with 100 L per well of 10% TCA for 60 min. at 4 °C. The
plates were rinsed five times with de-ionized water and air
dried. The plates were incubated for 10 min at room temperature with 50 L per well of SRB. Unbound SRB was solubilized with 100 L per well of unbuffered 10 mM Tris base.
The optical densities were determined using a microtiter plate
reader set at 492 nm. Percent cell survival was calculated and
ID50 was determined by inspection of dose response curves.

2.1.3 Cell Treatment

2.2

4-HPR was obtained from Sigma Chemicals 共St. Louis, MO兲.
A 10 mM stock solution was made in 100% DMSO and
stored at ⫺20 °C. Recombinant human TGF-␤1 was obtained
from R&D Systems 共Minneapolis, MN兲. A 10 g/mL stock
solution was made using 4 mM HCL containing 1 mg/ml
BSA 共HCL-BSA兲 and stored at ⫺70 °C. Immediately prior to
use, 4-HPR 共2, 5, and 10 M兲 and TGF-␤1 共10 ng/mL兲 stock
solutions were diluted in culture medium, 106 exponentially
growing cells were incubated for three days with the different
concentrations of 4-HPR 共2, 5, 10 M/mL兲 and/or TGF-␤1
共10 ng/ml).

2.1.4 DNA Fragmentation Assay
Cells were harvested after three days of treatment and analyzed for the presence of DNA fragments using the APODIRECT Kit 共Phoenix-Flow Systems, Inc., San Diego, CA兲.
Briefly, this involves terminal deoxynucleotidyl transferase
关TdT兴-mediated 共TUNEL兲 labeling of the 3⬘-hydroxyl ends of
DNA fragments formed during apoptosis with fluoresceintagged dUTP which reveals % apoptosis using flow cytometry.

2.1.5 Cell Survival (Growth Inhibition) Assay
Cells were seeded in 96 well dishes at densities ranging from
1000 to 3000 cells per well and allowed to attach overnight.
The exponentially growing cells were treated in triplicate with
TGF-␤1共10 g/mL兲, 4-HPR 共2, 5, 10 g兲 or medium alone
for three days. Cell numbers were estimated using a modified
22
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2.1.6 Data Analysis
For further analysis of the spectra, intensities were measured
at 290 nm excitation, 340 nm emission, at 365 nm excitation,
420 nm emission, and at 460 nm excitation, 520 nm emission.
These locations correspond to tryptophan, NAD共P兲H and
FAD emission and lay outside the range of Raman scattering
of water. The emission from the supernatant of the third wash
was subtracted from all other measurements as the background. Redox ratio was then calculated. Growth inhibition,
apoptosis, and fluorescence intensities at the three wavelengths and the resultant redox ratios were then evaluated statistically using the Spearman rank correlation test to evaluate
correlation between variables. Interactions were explored using regression analysis. The studies that included TGF-␤1
were included with the 4-HPR group either 0, 2, 5, or 10 M
4-HPR for analysis because there was consistently no effect
from TGF-␤1 on FAD, NAD共P兲H, cell survival or apoptosis;
the correlation was 0.

Primate

2.2.1 Experimental Design
Eighteen female adult rhesus macaques were used in this exploratory study. This protocol was approved by the Animal
Care and Use Committee at The University of Texas M.D.
Anderson Cancer Center and was conducted at the Department of Veterinary Sciences in Bastrop, Texas, where all animals were caged separately. The animals were given 4-HPR
共four monkeys兲, OCP 共five monkeys兲, the combination of
4-HPR⫹OCP 共five monkeys兲, or no medication 共four monkeys兲 daily for three months. Doses of 4-HPR and OCP were
calculated by allometric scaling26 and given orally. The OCP
used was Ortho-Novum 1/35, a medium-dose oral contraceptive with 1 mg norethindrone and 35 g ethinyl estradiol in
each pill. The 4-HPR dose was calculated in the same manner
from the accepted human dose of 200 mg daily. Prior to starting medication and following 90 days of medication, monkeys underwent laparotomy, spectroscopy, and ovarian biopsies.

2.2.2 Fluorescence
Fluorescence excitation-emission matrices 共EEMs兲, which
contain the fluorescence intensity as a function of both excitation and emission wavelengths, were measured. The spectroscopic system for in vivo use records EEMs in less than 1.5
min and consists of a xenon arc lamp coupled to a scanning
spectrometer that provides excitation light. A fiberoptic probe
directs excitation light to the tissue, collects emitted fluores-
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cence light, and delivers it to an imaging spectrograph and
charge coupled device camera. The interrogated tissue area is
2 mm in diameter. Fluorescence emission spectra ranging
from 320 to 850 nm were collected sequentially at 19 excitation wavelengths ranging from 300 to 480 nm in 10 nm steps.
Before assembling the data into fluorescence EEMs, system
dependent response and background signals were removed.
Tissue exposure to broadband UV radiation from this device
is below the total exposure limits developed by the American
Conference of Governmental Industrial Hygienists 共ACGIH兲
for epithelial tissues. Initially the left ovary was optically interrogated and biopsied. Following three months of drug, the
right ovary was optically interrogated and biopsied. Base line
fluorescence measurements were collected from the contra
lateral ovary 共the ovary that was not biopsied兲. Only one
ovary was biopsied due to the concern that a biopsy would
affect the subsequent fluorescence measurement due to collagen formation as the ovary healed.

2.2.3 Data Analysis
From the fluorescence measurements, values were extracted
which may relate to NAD共P兲H and FAD fluorescence. Signals
were averaged at 450 nm excitation and 535 nm emission
which is consistent with FAD and collagen emission and at
365 nm excitation and 450 nm emission which is consistent
with NAD共P兲H and collagen emission NAD共P兲H. Although
these wavelength ranges include contributions from both
structural proteins as well as FAD and NAD共P兲H, drugs
should only modulate cell fluorescence and not collagen matrix. Therefore, we expect changes to be attributable to the
effect of the drugs on the epithelial cells or stromal cells in the
regions of NAD共P兲H and FAD, rather than to an effect on the
collagen matrix, because these drugs are receptor mediated
and should not affect collagen. However, both epithelial and
stromal cells may be affected.
For each monkey, data was available from three measurement sites. The three spectra were averaged yielding between
four and five averaged measurements for each drug group.
Using this information, we compared all fluorescence measurements between the first and second measurements using
the two-tailed Student’s t test. Group means and standard errors were calculated and plotted. From the three sites per measurement, two were biopsied on the same ovary pre drug
treatment and two were biopsied posttreatment on the opposite ovary. This allowed us to visually compare posttreatment
data from ovaries which had been previously biopsied and
ovaries which had not been biopsied.

3
3.1

Results
Fluorescence Measurements

3.1.1 Cells
The Spearman rank correlation test was used to determine the
correlation between apoptosis, growth inhibition, and fluorescence measurements. The presence or absence of TGF-␤1 did
not affect either survival, apoptosis, or redox ratio in this set
of experiments 共data not shown兲. Results varied between cell
lines. There is a strong correlation between redox ratio and
cell survival ( p⫽0.0274) , FAD and apoptosis ( p⬍0.001) ,
and redox ratio and apoptosis ( p⫽0.0045) in the regression

Table 1 Multivariate regression analysis.
Variables

p value

Redox/apoptosis

P ⫽0.0045

Redox/survival

P ⫽0.0274

FAD/apoptosis

P ⬍0.001

model 共Table 1兲. There is consistent interaction with the cell
line in the regression model, suggesting a different response
with the different cell types. NOE cells showed a strong correlation between NAD共P兲H fluorescence intensity and survival ( p⫽0.04) , between redox ratio and survival ( p
⫽0.018) , and redox ratio and NADH fluorescence intensity
( p⫽0.005) . Figure 1 shows the relationship between cell survival and redox ratio in the three cell lines. Redox ratio increased in all three cell lines as cell survival decreased, 共or
growth inhibition increased兲. As the dose of 4-HPR increased,
the cell survival decreased in all three experiments, but the
sensitivity of the cells varied. IOSE 261 showed a slightly
different response. The association between NAD共P兲H fluorescence intensity and survival ( p⫽0.02) persisted, but there
was not an association with the other variables. IOSE 29
showed a correlation between NAD共P兲H fluorescence intensity and survival ( p⬍0.0001) , between NAD共P兲H fluorescence intensity and apoptosis ( p⫽0.0002) , FAD and apoptosis ( p⫽0.04) , redox ratios and survival ( p⫽0.0002) , and
redox ratio and NAD共P兲H fluorescence intensity ( p
⫽0.0001) , suggesting that IOSE 261 is more sensitive to
4-HPR than IOSE 29.
Percent apoptosis, as visualized in Figure 2, varied between cell lines and dose of 4-HPR. NOE and IOSE 261,
respectively, did not show significant changes in apoptosis
with 2 and 5 M 4-HPR. However, they still showed an increase in redox ratio with increasing doses of 4-HPR. The
IOSE 29 did have an increase in apoptosis at the 5 M dose
which correlated with an increase in redox ratio. The 10 M
dose of 4-HPR was used on this cell line and induced a higher
apoptosis than the 5 M dose. The higher rate of apoptosis
correlated with a higher redox ratio. Both apoptotic rates and
redox ratios varied between cell lines which was consistent
with different sensitivities of the cell lines to 4-HPR.

3.1.2 Primates
Consistent differences in the absolute fluorescence intensities
and relative contributions were noted between the pre- and
postdrug measurements in each drug group as well as the
controls. The advantage of this model is that variability due to
time can be evaluated as well as variability due to drug effect.
The differences observed in the control group were much
smaller than those seen in the three groups receiving drugs.
Changes observed in the control group could be attributed to
natural fluctuations of the optical signal. When the average
change within each group was compared, the NAD共P兲H related signal decrease was statistically significant for the OCP
( p⫽0.02) and the combination group 共OCP⫹4-HPR兲 compared to the control group ( p⫽0.01) 关Figure 3共a兲兴. In the
4-HPR and control group, this signal increased but the change
Journal of Biomedical Optics
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Fig. 1 Cell survival compared to redox potential in three cell lines
NOE (a), IOSE 261 (b), and IOSE 29 (c). Increasing doses of 4-HPR
show a decreased rate of cell survival.

Fig. 2 Percent apoptosis compared to redox potential in three cell
lines NOE (a), IOSE 261 (b), and IOSE 29 (c). Increasing doses of
4-HPR show an increased rate of apoptosis in the IOSE 29.

in the 4-HPR was not statistically different from the control
group. The largest increase in the FAD related signal was
found in the combination group and the 4-HPR group 关Figure
3共b兲兴. The standard deviation was large and the number of
samples small, yielding p values too large to be significant.
However, the greatest effect was found in the 4-HPR group.
Redox ratios increased in each group 关Figure 3共c兲兴. The
change in the control group was the smallest. The 4-HPR
group changed the redox potential due to its contribution from

increasing FAD, while the OCP group changed the redox potential due to its relative decrease in NADH. The combination
group showed contribution from both increased FAD and decreased NADH. Although these differences did not achieve
statistical significance related to small numbers within groups
and large variances, there appears to be a trend of increasing
redox potentials with both drugs. The visual comparison of
data from ovaries that had been previously biopsied to data
from ovaries which had not been biopsied showed no notice-
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able difference. This implies that healing response did not
dramatically alter fluorescence.

4

Fig. 3 (a) Compares % NADH increase between three drug groups
and control group, OCP ( p ⫽0.02) and combination p ⫽0.01 significant when compared to control group. (b) Compares % FAD increase
between drug groups and control group, p values not significant. (c)
Compares redox potentials between drug groups and control group, p
values not significant.

Discussion

Fluorescence spectroscopy is being used to detect cancers
noninvasively in many organ systems.17–20,24 In this study, we
evaluated it as a method to detect drug activity in the ovary in
primates and to measure metabolic activity in human cell culture. In our prior pilot study in women22 differences in EEMs
were found in the area of NAD共P兲H fluorescence and hemoglobin absorption. These changes were attributed to increased
NAD共P兲H and hemoglobin presence. In tumors, NADH and
FADH are postulated to increase as a result of alterations in
blood flow, decreased pH of the tissue, and abnormal mitochondria as well as abnormal transport of electron carrier
molecules into the mitochondria28,29 where the electron transport takes place. Intriguingly, this study suggests that these
chemopreventive agents alter the metabolism of normal tissue
in a direction opposite to that of cancer.
TGF␤ has been found to induce apoptosis in ovarian cancer cell lines and has been hypothesized to be a primitive
surveillance mechanism for abnormal cells.25 However, data
from our laboratory have shown inconsistent results with
TGF␤ and in this study it had no effect.
Limitations of the cell data include the lack of interaction
of epithelial cells with the stroma, which may account for the
differences seen between primate ovaries and the isolated human ovarian epithelial cells. They both, however, are strongly
associated with an increased redox ratio. No cell line can
approximate the behavior of tissue in vivo in humans, but
mechanistic studies can be done on cells to understand the
potential application to in vivo systems. The cell line data
suggest that redox ratios are useful to evaluate biologic activity of these drugs.
Limitations of our primate study include too few numbers
to reach significance due to large inter-animal variances; however, there appears to be a relationship between increasing
redox ratios and treatment with 4-HPR and OCP. Effects of
4-HPR and OCP appear additive or potentially synergistic
when the two drugs are combined, consistent with different
mechanisms of action for these drugs. The primate results also
suggest that redox values may correlate with drug effects.
The 4-HPR activity in the mitochondria may be evaluated
with fluorescence spectroscopy, because natural fluorophores
in cells, NAD共P兲H and FAD are affected by 4-HPR. Although
the mechanism of the OCP prevention of ovarian cancer is
poorly understood, and has not yet been validated in the laboratory, there is a different signal seen with the monkeys receiving 4-HPR and those receiving OCP. Use of both the cell
model and the primate model are powerful tools for studying
the biologic activity of these drugs. Areas for future research
include a study with larger numbers of monkeys to attain
additional statistical significance as well as further laboratory
work to elucidate the mechanism of OCP and 4HPR activity
in cell culture. Ultimately, this work will be extended to monitoring clinical trials in chemoprevention.
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