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Fluorescence spectroscopy as a biomarker in a cell
culture and in a nonhuman primate model for ovarian
cancer chemopreventive agents
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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. Fluo-
rescence emission spectra were collected from 18 female rhesus
macaques receiving fenretinide [N-(-hydroxyphenyl)retinamide (4-
HPR)] orally and/or oral contraceptive pills (OCP) or no medication.
Fluorescence intensities and redox ratios were compared using a two-
tailed Student’s t test. Results: Apoptosis and cell survival correlated
with fluorescence emission consistent with metabolically active pro-
teins [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. Con-
clusions: 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.
[DOI: 10.1117/1.1427672]
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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 fa
that 70% of patients are diagnosed after metastases have
ready occurred.1 Given our inability to cure ovarian cancer,
strategies for prevention merit at least as much attention a
does treatment of disease. Cancer chemoprevention refers
the administration of chemical agents that prevent or delay th
development of cancer in healthy people. Biomarkers that ar
likely to be affected by the preventive agent and whose modu
lation 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
activity rather than following patients for the years that
takes for cancers to develop.3 However, development o
biomarkers is the most difficult and time consuming aspec
prevention studies and usually requires an invasive biop
The ability to noninvasively monitor drug activity wold be
major advancement in the prevention of ovarian cancer
could potentially be extended to other organ sites, thus red
ing the morbidity of preventing disease.

Retinoids, vitamin A derivatives, have been studied as c
cer chemopreventive agents4–7 based on epidemiologic dat
showing that diets high in vitamin A are associated with low
odds of epithelial cancers. An Italian trial that evaluated N-~4-
hydroxyphenyl! retinamide~4-HPR! for prevention of second-
ary breast cancers incidentally demonstrated a decreased
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Fluorescence Spectroscopy as a Biomarker . . .
dence of ovarian cancer in the women receiving 4-HPR
suggesting that retinoids prevented the development of ova
rian cancer.4 After cessation of 4-HPR treatment, new ovarian
cancers occurred in the treatment group, suggesting that th
prevention was not durable. Experimental studies have dem
onstrated that retinoids can affect human ovarian cancer ce
growth by inhibiting proliferation and inducing apoptosis,5–7

which are thought to be important mechanisms in cance
prevention.8 Retinoids, particularly 4-HPR, have been shown
to increase aerobic glycolysis by increasing mitochondria
permeability to the co-enzymes nicotinamide adenine dinucle
otide ~NAD~P!H! and flavin adenine dinucleotide~FAD!, as
well as activity of the electron transport chain characterized
by an increase in reactive oxygen species and cytochrom
oxidase.9,10 Thus, retinoids are drugs whose activities are po-
tentially amenable to surveillance with fluorescence spectros
copy. Other chemopreventive agents are also of interest in th
ovary. Multiple epidemiologic studies have shown that the
oral contraceptive pill~OCP! use for at least five years is
associated with a 50% or greater reduction in the odds o
developing ovarian cancer.11–15 The mechanism of this pre-
vention is unclear; one factor may be suppression of ovula
tion, but other mechanisms are hypothesized. A single pro
spective study has shown that OCP and progesteron
increased the rate of apoptosis of ovarian surface epithelia
cells in primates.16

In the last decade, there has been substantial research
develop optical methods as early diagnostic tools for
cancers.17–20,27 Current diagnostic techniques lack sufficient
predictive value to diagnose preinvasive cancers when the
might be prevented from progressing or to diagnose sma
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 le-
sion for biopsy. This paper describes the use of fluorescenc
spectroscopy as a marker for the action of drugs that ma
prevent cancers by inducing quiescence of those cells destine
to develop into cancer or by reversing preinvasive change
that have not yet developed into a cancer.

Natural fluorophores in tissue include NAD~P!H, FAD,
structural proteins such as collagen, elastin, and their cros
links, and the aromatic amino acids tryptophan, tyrosine, an
phenylalanine, each of which has a characteristic wavelengt
for excitation with an associated characteristic emission. Fluo
rescence collected on the tissue surface is also affected b
absorption and scattering. Fluorescence spectroscopy is bei
used to detect cancers noninvasively in many organ system
including the cervix, head, and neck and the lungs.17–20Fluo-
rophore concentrations change as normal tissues progress
cancer.21 Different changes in the fluorescence signature may
occur in response to an agent that arrests cell growth or in
duces apoptosis. In this study, we evaluated fluorescenc
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~P!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~P!H fluorescence
intensity has decreased, or both changes have occurred. In
prior pilot study in women,22 differences in excitation-
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emission matrices~EEMs! from normal ovaries and invasive
cancer were observed with peaks at 350 nm excitation
460 nm emission wavelengths that represent both colla
and NAD~P!H. These peaks were higher in the cancers s
gesting increased NAD~P!H signal. In tumors, these co
enzymes are thought to exist in their reduced state~NAD-
~P!H,FADH! with a unique fluorescence signature~NAD~P!H
high, FAD low! as a result of alterations in blood flow, de
creasedpH of the tissue, abnormal mitochondria, and abn
mal transport of electron carrier molecules into t
mitochondria21 where the electron transport chain takes pla

This study is a feasibility study to explore fluorescen
spectroscopy as a biomarker for drug activity. In the pres
study we have used three different human ovarian epithe
cell lines to explore whether apoptosis and growth inhibiti
induced by 4-HPR are correlated with changes in NAD~P!H
and FAD fluorescence intensity and the resultant redox po
tials. We have further explored the changes in fluoresce
spectra in response to chemopreventive agents in a prim
model that allows us to evaluate the response of the ovarin
situ to these drugs where the surface epithelial cells are
contact with stromal cells. The cell model has permitt
evaluation of several different combinations and doses
drugs, whereas the primate provides anin vivo model that can
provide a bridge for human clinical studies due to similariti
in reproductive function between primates and women. Th
studies have permitted us to evaluate the potential role
fluorescence spectroscopy as a biomarker for chemopre
tive 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 dos
of 4-HPR ~0, 2, 5, 10mM! to evaluate sensitivity to 4-HPR
TGF-b1 has been shown to have additive effects in some
lines in the induction of apoptosis, but had no effect in the
cultures. Primary cultures of normal ovarian epithelial~NOE!
cells were established from surgical specimens of normal o
ries as previously described.23 They were maintained in a 1:1
mixture of cell culture media MCDB 105 and Medium 19
supplemented with 5% fetal bovine serum, 2 m
L-glutamine, 100 units/ml penicillin and 100mg/mL strepto-
mycin. Simian virus 40-immortalized ovarian surface epith
lium cell lines IOSE-29 and IOSE-261 were established
immortalized cell lines. They were maintained in a 1:1 m
ture of MCDB 105 and Medium 199 supplemented with 5
fetal bovine serum and 50mg/mL gentamycin sulfate.

2.1.2 Fluorescence
NOE, IOSE 29, and IOSE 261 were the three cell lines us
After three days of treatment with 4-HPR or diluent, ce
were harvested. Since the media itself shows a strong a
fluorescence the cells were washed three times with phosp
buffered saline~PBS! before optical studies were performe
For the spectroscopic studies, all cells were diluted in ste
buffered isotonic saline solution~PBS! with 5% glucose. The
cell suspension was centrifuged at 400 g for 10 min. th
washed three times. Fluorescence emission was measure
Journal of Biomedical Optics d January 2002 d Vol. 7 No. 1 21



-
t
-

,

e

,

b
-

d

-

t

a

-

.

d

air
ra-

i-
.
late
and
es.

red
on,
ion.

ring
ash
ack-
n,

ave-
sta-
ate
us-

-

ffect

ex-
al

.D.
part-
ni-
PR

re

ep-

nner
art-
n-
iop-

xci-
pec-
.5
ing
be
es-

Brewer et al.
ing a scanning spectrofluorimeter~Hitachi Ltd., F-4010, To-
kyo, Japan!. Excitation light was generated at three wave-
lengths to probe for fluorescence consistent with tryptophan
the co-factors NAD~P!H and FAD. Because of the design of
the fluorimeter and the inherently weak signal of the autofluo
rescence of the cell suspension, additional optical componen
were placed into the excitation and emission beam path. Di
electric bandpass filters~Omega, Brattleboro, VT! reduced the
out-of-band light of the excitation monochromator and long
pass filters~colored glass filters, Schott Glass Technologies
Duryea, PA! prevented stray light generated in the sampling
chamber from reaching the detector. For each of the thre
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 o
served at 340 nm consistent with tryptophan. At 365 nm ex
citation emission peaks were located at 450 nm consisten
with NAD~P!H and at 420 nm consistent with water Raman
scattering. At 460 nm excitation, emission peaks were locate
at 520 nm consistent with FAD emission and at 540 consisten
with water Raman scattering.

Studies were conducted using a microcuvette with a vol
ume of 200mL. The cells were repeatedly stirred with a pi-
pette to prevent settling between the measurements. A fluo
rescence standard was measured each measurement day a
three excitation wavelengths to monitor system drift. The
standard solution was 2 mg/L Rhodamine 610~Exciton, Day-
ton, OH! in ethylene glycol.

2.1.3 Cell Treatment
4-HPR was obtained from Sigma Chemicals~St. Louis, MO!.
A 10 mM stock solution was made in 100% DMSO and
stored at220 °C. Recombinant human TGF-b1 was obtained
from R&D Systems~Minneapolis, MN!. A 10 mg/mL stock
solution was made using 4 mM HCL containing 1mg/ml
BSA ~HCL-BSA! and stored at270 °C. Immediately prior to
use, 4-HPR~2, 5, and 10mM! and TGF-b1 ~10 ng/mL! stock
solutions were diluted in culture medium,106 exponentially
growing cells were incubated for three days with the different
concentrations of 4-HPR~2, 5, 10mM/mL! and/or TGF-b1
~10 ng/ml ).

2.1.4 DNA Fragmentation Assay
Cells were harvested after three days of treatment and an
lyzed for the presence of DNA fragments using the APO-
DIRECT Kit ~Phoenix-Flow Systems, Inc., San Diego, CA!.
Briefly, this involves terminal deoxynucleotidyl transferase
@TdT#-mediated~TUNEL! labeling of the 38-hydroxyl ends of
DNA fragments formed during apoptosis with fluorescein-
tagged dUTP which reveals % apoptosis using flow cytom
etry.

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-b1~10 mg/mL!, 4-HPR ~2, 5, 10mg! or medium alone
for three days. Cell numbers were estimated using a modifie
22 Journal of Biomedical Optics d January 2002 d Vol. 7 No. 1
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sulforhodamine B~SRB! assay. A 0.4%~w/v! solution of SRB
~Sigma Chemicals, St. Louis, MO! was made in 1% acetic
acid. The medium was aspirated and the cells fixedin situ
with 100 mL per well of 10% TCA for 60 min. at4 °C. The
plates were rinsed five times with de-ionized water and
dried. The plates were incubated for 10 min at room tempe
ture with 50mL per well of SRB. Unbound SRB was solub
lized with 100mL per well of unbuffered 10 mM Tris base
The optical densities were determined using a microtiter p
reader set at 492 nm. Percent cell survival was calculated
ID50 was determined by inspection of dose response curv

2.1.6 Data Analysis
For further analysis of the spectra, intensities were measu
at 290 nm excitation, 340 nm emission, at 365 nm excitati
420 nm emission, and at 460 nm excitation, 520 nm emiss
These locations correspond to tryptophan, NAD~P!H and
FAD emission and lay outside the range of Raman scatte
of water. The emission from the supernatant of the third w
was subtracted from all other measurements as the b
ground. Redox ratio was then calculated. Growth inhibitio
apoptosis, and fluorescence intensities at the three w
lengths and the resultant redox ratios were then evaluated
tistically using the Spearman rank correlation test to evalu
correlation between variables. Interactions were explored
ing regression analysis. The studies that included TGFb1
were included with the 4-HPR group either 0, 2, 5, or 10mM
4-HPR for analysis because there was consistently no e
from TGF-b1 on FAD, NAD~P!H, cell survival or apoptosis;
the correlation was 0.

2.2 Primate

2.2.1 Experimental Design
Eighteen female adult rhesus macaques were used in this
ploratory study. This protocol was approved by the Anim
Care and Use Committee at The University of Texas M
Anderson Cancer Center and was conducted at the De
ment of Veterinary Sciences in Bastrop, Texas, where all a
mals were caged separately. The animals were given 4-H
~four monkeys!, OCP ~five monkeys!, the combination of
4-HPR1OCP ~five monkeys!, or no medication~four mon-
keys! daily for three months. Doses of 4-HPR and OCP we
calculated by allometric scaling26 and given orally. The OCP
used was Ortho-Novum 1/35, a medium-dose oral contrac
tive with 1 mg norethindrone and 35mg ethinyl estradiol in
each pill. The 4-HPR dose was calculated in the same ma
from the accepted human dose of 200 mg daily. Prior to st
ing medication and following 90 days of medication, mo
keys underwent laparotomy, spectroscopy, and ovarian b
sies.

2.2.2 Fluorescence
Fluorescence excitation-emission matrices~EEMs!, which
contain the fluorescence intensity as a function of both e
tation and emission wavelengths, were measured. The s
troscopic system forin vivo use records EEMs in less than 1
min and consists of a xenon arc lamp coupled to a scann
spectrometer that provides excitation light. A fiberoptic pro
directs excitation light to the tissue, collects emitted fluor
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Fluorescence Spectroscopy as a Biomarker . . .
cence light, and delivers it to an imaging spectrograph and
charge coupled device camera. The interrogated tissue area
2 mm in diameter. Fluorescence emission spectra rangin
from 320 to 850 nm were collected sequentially at 19 excita
tion wavelengths ranging from 300 to 480 nm in 10 nm steps
Before assembling the data into fluorescence EEMs, syste
dependent response and background signals were remove
Tissue exposure to broadband UV radiation from this device
is below the total exposure limits developed by the American
Conference of Governmental Industrial Hygienists~ACGIH!
for epithelial tissues. Initially the left ovary was optically in-
terrogated and biopsied. Following three months of drug, the
right ovary was optically interrogated and biopsied. Base line
fluorescence measurements were collected from the cont
lateral ovary ~the ovary that was not biopsied!. Only one
ovary was biopsied due to the concern that a biopsy would
affect the subsequent fluorescence measurement due to c
lagen formation as the ovary healed.

2.2.3 Data Analysis
From the fluorescence measurements, values were extract
which may relate to NAD~P!H and FAD fluorescence. Signals
were averaged at 450 nm excitation and 535 nm emissio
which is consistent with FAD and collagen emission and a
365 nm excitation and 450 nm emission which is consisten
with NAD~P!H and collagen emission NAD~P!H. Although
these wavelength ranges include contributions from both
structural proteins as well as FAD and NAD~P!H, drugs
should only modulate cell fluorescence and not collagen ma
trix. Therefore, we expect changes to be attributable to th
effect of the drugs on the epithelial cells or stromal cells in the
regions of NAD~P!H and FAD, rather than to an effect on the
collagen matrix, because these drugs are receptor mediat
and should not affect collagen. However, both epithelial and
stromal cells may be affected.

For each monkey, data was available from three measure
ment sites. The three spectra were averaged yielding betwee
four and five averaged measurements for each drug grou
Using this information, we compared all fluorescence mea
surements between the first and second measurements us
the two-tailed Student’s t test. Group means and standard e
rors were calculated and plotted. From the three sites per me
surement, two were biopsied on the same ovary pre dru
treatment and two were biopsied posttreatment on the oppo
site ovary. This allowed us to visually compare posttreatmen
data from ovaries which had been previously biopsied and
ovaries which had not been biopsied.

3 Results
3.1 Fluorescence Measurements

3.1.1 Cells
The Spearman rank correlation test was used to determine th
correlation between apoptosis, growth inhibition, and fluores
cence measurements. The presence or absence of TGF-b1 did
not affect either survival, apoptosis, or redox ratio in this se
of experiments~data not shown!. Results varied between cell
lines. There is a strong correlation between redox ratio an
cell survival (p50.0274), FAD and apoptosis(p,0.001),
and redox ratio and apoptosis(p50.0045) in the regression
is
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model ~Table 1!. There is consistent interaction with the ce
line in the regression model, suggesting a different respo
with the different cell types. NOE cells showed a strong c
relation between NAD~P!H fluorescence intensity and su
vival (p50.04), between redox ratio and survival(p
50.018), and redox ratio and NADH fluorescence intens
(p50.005). Figure 1 shows the relationship between cell s
vival and redox ratio in the three cell lines. Redox ratio i
creased in all three cell lines as cell survival decreased,~or
growth inhibition increased!. As the dose of 4-HPR increased
the cell survival decreased in all three experiments, but
sensitivity of the cells varied. IOSE 261 showed a sligh
different response. The association between NAD~P!H fluo-
rescence intensity and survival(p50.02) persisted, but there
was not an association with the other variables. IOSE
showed a correlation between NAD~P!H fluorescence inten-
sity and survival(p,0.0001), between NAD~P!H fluores-
cence intensity and apoptosis(p50.0002), FAD and apopto-
sis (p50.04), redox ratios and survival(p50.0002), and
redox ratio and NAD~P!H fluorescence intensity(p
50.0001), suggesting that IOSE 261 is more sensitive
4-HPR than IOSE 29.

Percent apoptosis, as visualized in Figure 2, varied
tween cell lines and dose of 4-HPR. NOE and IOSE 2
respectively, did not show significant changes in apopto
with 2 and 5mM 4-HPR. However, they still showed an in
crease in redox ratio with increasing doses of 4-HPR. T
IOSE 29 did have an increase in apoptosis at the 5mM dose
which correlated with an increase in redox ratio. The 10mM
dose of 4-HPR was used on this cell line and induced a hig
apoptosis than the 5mM dose. The higher rate of apoptos
correlated with a higher redox ratio. Both apoptotic rates a
redox ratios varied between cell lines which was consist
with different sensitivities of the cell lines to 4-HPR.

3.1.2 Primates
Consistent differences in the absolute fluorescence intens
and relative contributions were noted between the pre-
postdrug measurements in each drug group as well as
controls. The advantage of this model is that variability due
time can be evaluated as well as variability due to drug effe
The differences observed in the control group were mu
smaller than those seen in the three groups receiving dr
Changes observed in the control group could be attribute
natural fluctuations of the optical signal. When the avera
change within each group was compared, the NAD~P!H re-
lated signal decrease was statistically significant for the O
(p50.02) and the combination group~OCP14-HPR! com-
pared to the control group(p50.01) @Figure 3~a!#. In the
4-HPR and control group, this signal increased but the cha

Table 1 Multivariate regression analysis.

Variables p value

Redox/apoptosis P50.0045

Redox/survival P50.0274

FAD/apoptosis P,0.001
Journal of Biomedical Optics d January 2002 d Vol. 7 No. 1 23



Brewer et al.
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.
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in the 4-HPR was not statistically different from the control
group. The largest increase in the FAD related signal wa
found in the combination group and the 4-HPR group@Figure
3~b!#. The standard deviation was large and the number o
samples small, yieldingp values too large to be significant.
However, the greatest effect was found in the 4-HPR group.

Redox ratios increased in each group@Figure 3~c!#. The
change in the control group was the smallest. The 4-HPR
group changed the redox potential due to its contribution from
24 Journal of Biomedical Optics d January 2002 d Vol. 7 No. 1
increasing FAD, while the OCP group changed the redox
tential due to its relative decrease in NADH. The combinat
group showed contribution from both increased FAD and
creased NADH. Although these differences did not achie
statistical significance related to small numbers within grou
and large variances, there appears to be a trend of increa
redox potentials with both drugs. The visual comparison
data from ovaries that had been previously biopsied to d
from ovaries which had not been biopsied showed no not

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.
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Fluorescence Spectroscopy as a Biomarker . . .
Fig. 3 (a) Compares % NADH increase between three drug groups
and control group, OCP (p50.02) and combination p50.01 signifi-
cant 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.
able difference. This implies that healing response did
dramatically alter fluorescence.

4 Discussion
Fluorescence spectroscopy is being used to detect can
noninvasively in many organ systems.17–20,24In this study, we
evaluated it as a method to detect drug activity in the ovary
primates and to measure metabolic activity in human cell c
ture. In our prior pilot study in women22 differences in EEMs
were found in the area of NAD~P!H fluorescence and hemo
globin absorption. These changes were attributed to increa
NAD~P!H and hemoglobin presence. In tumors, NADH a
FADH are postulated to increase as a result of alteration
blood flow, decreasedpH of the tissue, and abnormal mito
chondria as well as abnormal transport of electron car
molecules into the mitochondria28,29 where the electron trans
port takes place. Intriguingly, this study suggests that th
chemopreventive agents alter the metabolism of normal tis
in a direction opposite to that of cancer.

TGFb has been found to induce apoptosis in ovarian c
cer cell lines and has been hypothesized to be a primi
surveillance mechanism for abnormal cells.25 However, data
from our laboratory have shown inconsistent results w
TGFb and in this study it had no effect.

Limitations of the cell data include the lack of interactio
of epithelial cells with the stroma, which may account for t
differences seen between primate ovaries and the isolated
man ovarian epithelial cells. They both, however, are stron
associated with an increased redox ratio. No cell line c
approximate the behavior of tissuein vivo in humans, but
mechanistic studies can be done on cells to understand
potential application toin vivo systems. The cell line data
suggest that redox ratios are useful to evaluate biologic ac
ity of these drugs.

Limitations of our primate study include too few numbe
to reach significance due to large inter-animal variances; h
ever, there appears to be a relationship between increa
redox ratios and treatment with 4-HPR and OCP. Effects
4-HPR and OCP appear additive or potentially synergis
when the two drugs are combined, consistent with differ
mechanisms of action for these drugs. The primate results
suggest that redox values may correlate with drug effects

The 4-HPR activity in the mitochondria may be evaluat
with fluorescence spectroscopy, because natural fluoroph
in cells, NAD~P!H and FAD are affected by 4-HPR. Althoug
the mechanism of the OCP prevention of ovarian cance
poorly understood, and has not yet been validated in the la
ratory, there is a different signal seen with the monkeys
ceiving 4-HPR and those receiving OCP. Use of both the
model and the primate model are powerful tools for study
the biologic activity of these drugs. Areas for future resea
include a study with larger numbers of monkeys to atta
additional statistical significance as well as further laborat
work to elucidate the mechanism of OCP and 4HPR activ
in cell culture. Ultimately, this work will be extended to mon
toring clinical trials in chemoprevention.
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