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Abstract
Tomato product consumption is inversely related to prostate cancer incidence, and lycopene (LYC)
has been implicated in reduced prostate cancer risk. The contribution of other tomato carotenoids,
phytoene (PE) and phytofluene (PF), towards prostate cancer risk has not been adequately studied.
The relative uptake and tissue distribution of tomato carotenoids are not known. We hypothesize that
PE and PF are bioavailable from a tomato powder diet or from a purified source and accumulate in
androgen-sensitive tissues. In this study, 4 wk old male Fisher 344 rats were pre-fed an AIN-93G
powder diet composed of 10% tomato powder containing PE, PF, and LYC (0.015, 0.012, and 0.011
g/kg diet, respectively). After 30 d tomato powder feeding, hepatic PF concentrations (168 ± 20 nmol/
g) were higher than PE or LYC (104 ± 13 and 104 ± 13 nmol/g, respectively). In contrast, LYC,
followed by PF, had the highest accumulation of the measured carotenoids in the prostate lobes and
seminal vesicles. When tomato powder-fed rats received a single oral dose of either ∼2.7 mg PE or
PF, an increase in the dosed carotenoid concentration was observed in all measured tissues, except
the adrenal. Percent increases of PF were greater than that of PE in liver, serum, and adipose (37,
287 and 49% versus 16, 179 and 23%, respectively). Results indicate that the relative tomato
carotenoid biodistribution differs in liver and androgen-sensitive tissues, suggesting that minor
changes in the number of sequential double bonds in carotenoid structures alter absorption and/or
metabolism of tomato carotenoids.
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1. Introduction
Prostate cancer is the third leading cause of cancer death in American men [1]. In the U.S.,
over 230,000 new prostate cancer cases were diagnosed and over 27,000 deaths occurred in
2006 [1]. Epidemiological evidence strongly indicates that a diet rich in fruits and vegetables
is associated with a reduced risk of cancer [2], therefore approaches for prostate cancer
prevention that focus on both nutrition and chemopreventive strategies are critically needed
[3]. With respect to tomatoes, epidemiological data suggest a relationship between higher
intake of fresh and processed tomato products and reduced risk of several types of cancer [4].
More specifically, increased tomato consumption has been significantly associated with
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reduced risk of prostate cancer in several epidemiological studies, and thus investigating the
protective health benefits of tomatoes is an active area of prostate cancer research [5-8].

Carotenoids are natural yellow, orange, and red pigments found in fruits and vegetables, and
have a wide range of proposed biological functions including antioxidant and anticarcinogen
properties, and immunoprotection [8]. Lycopene (LYC) has recently been the primary focus
of both in vitro and in vivo studies examining the relationship between increased intake of
tomatoes and reduced risk of prostate cancer. While LYC is the major carotenoid in tomatoes,
other carotenoid precursors of LYC, including phytoene (PE) and phytofluene (PF) are also
present in substantial amounts [9], yet few research studies have been conducted with these
carotenoids. Polyene structures of tomato carotenoids are depicted in Figure 1. Although the
concentrations of PE and PF in tomatoes are usually lower than that of LYC, one small study
suggests that significant amounts of both PE and PF have been detected in human serum and
tissues, including liver, lung, breast, colon, skin, and prostate [10].

Our laboratory has demonstrated in an N-methyl-N-nitrosurea (MNU)-androgen induced rat
carcinogenesis model and in a Dunning R-3327H transplantable prostate adenocarcinoma
model, that diets containing 10% whole tomato powder significantly inhibited the development
of prostate cancer as compared to a control diet, whereas a LYC-supplemented diet was not as
effective [11,12]. Short-term clinical studies with prostate cancer patients have reported
therapeutic benefits with tomato supplementation, including reductions in prostate size,
leukocyte DNA damage, and prostate specific antigen levels, as well as positively modulated
volume and grade of prostate intraepithelial neoplasia, and also altered biomarkers of prostate
cell growth and differentiation [13,14]. Collectively, results from these studies strongly suggest
that tomato products contain phytochemicals, in addition to LYC, that may modify prostate
carcinogenesis. Due to the substantial amounts of PE and PF in tomatoes and the presence of
these carotenoids in human tissues and serum, it is essential to elucidate their potential health
benefits.

The relative bioavailability of PE or PF, as well as tissue biodistributions of tomato carotenoids
after consumption of a tomato powder-containing diet has not been adequately determined in
an appropriate animal model. It is imperative to elucidate if PE and PF, as compared to LYC,
are bioavailable and accumulate in tissues under physiological conditions, before determining
their possible preventative roles in prostate carcinogenesis. To improve our understanding of
tomato carotenoids and prostate health, we utilized a prostate specific animal model, the Fisher
344 (F344) rat, to first assess tissue and serum biodistributions of tomato carotenoids, including
PE and PF, after 30 d consumption of a 10% tomato powder diet. Secondly to determine the
relative bioavailability of a single oral dose of purified PE or PF after pre-feeding a 10% tomato
powder diet for 30 d. To date very little is known about the differential uptake of PE and PF
in their proper isomeric forms, and thus this study provides new insight into the differential
accumulation of the three most prominent tomato carotenoids in both androgen and non-
androgen sensitive tissues, as well as the bioavailability of PE and PF. By using an animal
model that has a prostate homologous to that of humans, these results should be translated to
what may occur in the human prostate.

2. Methods and Materials
2.1. Chemicals

PE, PF, and LYC standards (crystalline form) were gifts from BASF (Ludwigshafen,
Germany). ζ-Carotene (ZC) standards (crystalline form) were purchased from CaroteNature
(Lupsingen, Switzerland). PE and PF were dissolved in petroleum ether, whereas ZC and LYC
were dissolved in hexane. Absorbance of all standards was determined spectrophotometrically
(phytoene λmax = 286 nm, E1%

1cm = 1250; phytofluene λmax = 348 nm, E1%
1cm = 1350; ζ-
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carotene λmax = 400 nm, E1%
1cm = 2555; lycopene λmax = 472 nm, E1%

1cm = 3450). HPLC-
photodiode array (PDA) analyses determined the purity of all standards to be ≥98%. All other
chemicals, unless otherwise noted, were purchased from Fisher Scientific (Fairlawn, NJ).

2.2. Animals and experimental design
The study was approved by the University of Illinois Laboratory Animal Care and Use
Committee and followed all necessary protocols to ensure the humane treatment of the animals.
Male F344 rats (21 d of age; n=24) were purchased from Harlan (Indianapolis, IN) and were
acclimated to their new environment for one week. Throughout the study, the rats were kept
under conditions of uniform humidity and temperature on a 12-hour light-dark cycle and
individually housed in hanging wire bottom cages to reduce coprophagy, and were weighed
every other day. At 28 d of age, all rats were fed powdered AIN-93G diet, containing 10%
tomato powder for 30 d (diet described below in section 2.3). To prevent carotenoid
degradation, fresh 10% tomato powder diet was provided every other day to all animals. At 48
d of age, tomato powder-fed rats were randomly assigned to 3 treatment groups (n =8), and
treatment groups were as follows: 1) cottonseed oil only control-dosed rats; 2) PE-dosed rats;
and 3) PF-dosed rats. Based on these treatment groups, at 58 d of age, non-fasted rats were
orally intubated with either a control (cottonseed oil) or single dose of PE (2.7 mg) or PF (2.7
mg) provided in 0.5 mL cottonseed oil (carotenoid doses described below in section 2.3). The
tomato powder-fed control rats were euthanized approximately 4 h after receiving the control
cottonseed oil dose, whereas the PE- and PF-dosed rats were euthanized approximately 24 h
after receiving carotenoid doses. Rats were anesthetized with CO2, and blood was taken via
cardiac puncture. Rats were subsequently euthanized by CO2 asphyxiation, and the liver,
adrenal, adipose, spleen, lung, testes, and prostate-seminal vesicle complex were collected.
The prostate-seminal vesicle complex was dissected on ice into four lobes: seminal vesicles,
dorsolateral lobe, anterior lobe, and ventral lobe. The anterior and dorsolateral prostate lobes
were pooled for analysis. Due to the small tissue amount obtained from each rat, it was
necessary to pool all prostate tissue samples within each group to obtain accurate analysis of
carotenoid accumulation. All harvested tissues were weighed, immersed in liquid nitrogen, and
subsequently stored at −80 °C.

2.3. Diet and carotenoid doses
All rats consumed a powdered AIN-93G semi purified diet enriched with 10% freeze-dried,
whole tomato powder (0.015 g PE/kg, 0.012 g PF/kg, 0.011 g LYC/kg, and 0.001 g ZC/kg diet;
Gilroy Foods, Gilroy, CA) ad libitum for 30 d. While it would be expected that LYC would
be the predominant carotenoid in the tomato powder, these relative carotenoid concentrations
have been found in other lots of this tomato powder from this company. Rats fed the 10%
tomato powder diet consumed approximately 0.21 mg PE/d, 0.17 mg PF/d, 0.15 mg LYC/d,
and 0.01 mg ZC/d. When adding the freeze-dried, whole tomato powder to the diet, the
macronutrients and micronutrients were adjusted to equally match that of the typical AIN-93G
diet. The composition of macronutrients and of the mineral and vitamin mixes has been
described [15] and were used previously [11]. The diet was stored in the dark at 4 °C.

Purified, analytical standards of PE and PF as various cis-isomers (BASF) were used for the
oral carotenoid doses. On the day of dosing, new standard vials were opened. PE and PF were
individually reconstituted in chloroform and added to 6.0 mL of cottonseed oil. Chloroform
was evaporated before dosing to make final concentrations of 5.4 mg PE/mL and 5.4 mg PF/
mL. The total amount of PE or PF dosed per rat was 2.7 ± 0.1 mg. Carotenoid solubility in oil
was ensured by observations under a light microscope. Carotenoids are susceptible to
isomerization and oxidation, therefore precautions were taken including preparation of the
carotenoid doses under yellow lights, keeping carotenoid-chloroform solutions on ice before
addition to oil, and purging the oil doses with argon to remove chloroform.
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2.4. Tissue and serum carotenoid extraction and quantification
Tissue and serum extraction and analysis was performed as previously described [16]. Briefly,
tissue or serum samples were combined with a KOH/ethanol solution (1:5) containing 0.1%
BHT. Tissues were saponified at 60 °C for 30 min (serum was not saponified). Samples were
then placed on ice, and deionized water was added. Tissue and serum carotenoids were
extracted four times with addition of hexane. Hexane extracts were dried in a Speedvac
concentrator (model AS160; Savant, Farmingdale, NY), flushed with argon, and stored at −20
°C for ≤ 24 h before HPLC-PDA analysis. All carotenoid extracts were kept on ice and under
yellow lights throughout the extraction process.

Carotenoid concentrations in tissue and serum samples were quantified by a previously
described HPLC-PDA system [16-18], and the HPLC mobile phases and gradient procedure
utilized in this study have been previously described [19]. In brief, samples from each
carotenoid-enriched tissue extract were dissolved in 32-40 µL methyl-tert-butyl ether (MTBE)
and injected onto a C30, 4.6 × 150 mm analytical column (YMC, Wilmington, NC, USA)
maintained at 25 °C. Qualitative and quantitative analysis was conducted with a HPLC-PDA
system consisting of a Waters 991 detector (Millipore, Milford, MA, USA) monitored at
200-600 nm, a Rainin Dynamics gradient pump system model SD-200 (Walnut Creek, CA,
USA), and a Varian Prostar pump model 210 (Woburn, NC, USA). Carotenoid isomers were
qualitatively identified through comparison to UV spectra and retention times of analytical
standards. Serum and tissue carotenoid concentrations were quantified for total PE, total PF,
total LYC and total ZC isomer concentrations.

2.5. Statistical analysis
A complete randomized design was used to assign rats to the different treatment groups.
Differences among treatment groups were analyzed by one-way ANOVA, and group mean
comparisons were further analyzed by the post-hoc Tukey's studentized range test with α=0.05
and 0.01 [20]. This statistical analysis has been previously utilized in prior studies [16,18]. All
statistical analyses were conducted with SAS (version 8.1; SAS Institute, Cary, NC, USA).
The prostate and seminal vesicle tissues were pooled within groups, resulting in one data point,
thus statistical analysis was not performed for these tissues. Results were expressed as means
± SEM, unless otherwise indicated.

3. Results
3.1. Food intake and weight gain

Food intake and weight gain did not differ among treatment groups throughout the study. No
adverse effects of diet or administered dose were observed.

3.2. Tissue biodistribution of tomato carotenoids in F344 rats pre-fed 10% tomato powder
diet

HPLC analyses of the serum and tissues from the tomato powder-fed rats illustrated that there
was a differential accumulation and distribution of tomato carotenoids in serum, non-androgen
and androgen sensitive tissues. Of the total carotenoid composition in the experimental diet,
∼40%, 30%, 28%, and 2% consisted of PE, PF, LYC and ZC, respectively. Among the
carotenoids, PE concentration in the serum was greatest, while PF, LYC, and ZC were found
at lower levels in the serum of tomato powder-fed rats (Table 1). In contrast, PF had the greatest
accumulation in the liver, whereas PE, LYC, and ZC were at lower concentrations. In the
adrenal, PE and PF concentrations were approximately equal and far greater than that of LYC
or ZC. LYC, in contrast, accumulated to the greatest extent in the spleen and adipose.
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Of the measured carotenoids, LYC had the greatest accumulation in androgen sensitive tissues,
including the seminal vesicles, ventral, dorsolateral and anterior prostate lobes (Table 2). In
fact, LYC prostate lobe concentrations were approximately two-fold greater than PF and
approximately four-fold greater than PE and ZC. In contrast, the testes accumulated
approximately the same quantities of both PF and LYC in the tomato powder-fed rats.

3.3. Accumulation of PE or PF in various tissues and serum following a single oral carotenoid
dose

When rats were pre-fed a 10% tomato diet received a single oral dose of either ∼2.7 mg PE or
PF, an increase in content of that carotenoid was observed in all tissues, except the adrenal
glands (Tables 1 and 2). Rats orally gavaged with PE had significant increases in PE
concentrations in the serum (P < 0.01), spleen (P < 0.01), adipose (P < 0.05), and testes (P <
0.05) after 24 hr, but there was no significant increase of PE in liver. Although no statistical
evaluation could be made, prostate and seminal vesicle PE concentrations were increased after
24 hr. Rats orally gavaged with PF also had significant increases in PF concentrations in the
serum (P < 0.01), liver (P < 0.05), spleen (P < 0.01), adipose (P < 0.05), and testes (P < 0.05)
after 24 hr. Again, although no statistical evaluation could be made, increases in PF
concentrations were evident in the seminal vesicles and prostate lobes after 24 hr. With oral
provision of either PE or PF, there was no significant reduction of either LYC or ZC in the
measured tissues and serum. The percent increases of PE and PF in the liver, serum, and adipose
were calculated from data of Table 1. The percent increases of PF in the liver, serum, and
adipose were 37%, 287%, and 49%, respectively, and these values were greater than that of
PE (16%, 179%, and 23%, respectively).

4. Discussion
Due to the substantial quantities of PE and PF in tomatoes and research studies supporting the
relationship between increased tomato consumption and reduced prostate cancer risk, it is
essential to begin evaluating the potential biological effects of PE and PF, in addition to LYC.
The first goal of the current study was designed to determine biodistribution of tomato
carotenoids, including PE, PF, ZC, and LYC, in F344 rats after 30 d consumption of a 10%
tomato powder diet in androgen sensitive and non-androgen sensitive tissues and serum. The
second objective of this study was to determine the relative bioavailability of PE and PF after
provision of a single purified oral dose of either carotenoid. Rats that received PE or PF were
pre-fed a 10% tomato powder diet in an attempt to create a tomato-fed state comparable to that
of typical Western men. The F344 rat model was used in this study as our laboratory has
previously utilized the F344 rat to evaluate 10% tomato powder or LYC consumption and
prostate cancer risk [11,18,21,22]. Moreover, the dorsolateral lobe of the F344 rat prostate is
similar to that of humans, both histological and in terms of hormonal responsiveness [23].
Although the gerbil and ferret models absorb carotenoids more similar to that of humans, these
animals do not have a prostate, and therefore determining the uptake of these compounds into
the prostate would not have been possible. As there are slight differences between how rodents
and humans absorb carotenoids, this could be viewed as a potential limitation of this study.

Several novel observations concerning the tissue accumulation of tomato carotenoids were
revealed in this experiment. Rats fed a 10% tomato powder diet, containing PE, PF, LYC, and
ZC, for 30 d exhibited a tissue specific accumulation of tomato carotenoids. The serum profile
of carotenoids, with PE having the greatest serum concentration, was expectedly consistent
with the relative daily intakes of carotenoids, and therefore reflects recent dietary carotenoid
absorption. However, this relative dietary proportion of carotenoid concentrations was not
found in the animal tissues. Specifically, the tomato-powder fed rats had approximately 60%
greater liver PF concentrations than that of LYC or PE. In contrast, LYC had the greatest
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carotenoid accumulation in the androgen-sensitive tissues, including the seminal vesicles,
dorsolateral, anterior, and ventral prostate lobes, as well as in the spleen. PE and PF had
surprisingly high concentrations in the adrenal, as compared to LYC.

When rats were provided with an oral dose of either PE or PF, mean PE and PF concentrations
increased in the liver, serum, spleen, adipose, testes, prostate lobes, and seminal vesicles 24 h
after carotenoid supplementation. Interestingly, the percent increases of PF in the liver, serum,
and adipose were greater than the percent increases of PE. Additionally, when comparing data
between the PE and PF gavaged rats, there were numerically greater tissue and serum
accumulations of PF than that of PE, suggesting enhanced relative bioavailability of PF. To
our knowledge, this study is the first to systematically evaluate the uptake and bioavailability
of an oral dose of purified PE or PF in an animal model. Another previous study evaluating
the PE and PF bioavailability reported that Sprague-Dawley rats fed a PE- and PF-containing
algal diet for two weeks accumulated PE and PF in the plasma, liver, adrenal, kidney, and
spleen, but did not report prostate data [24].

Results from the current study depicting a tissue specific accumulation of tomato carotenoids
in serum, non-androgen, and androgen sensitive tissues are intriguing. As previously reported,
PE and PF accumulate in the liver of F344 rats fed a tomato lipid extract diet for 10 wk [25].
In that study, Zhao and colleagues reported that the PE and PF uptake by the liver was much
higher than expected, based on the relatively low percentage of these compounds in the tomato
extract [25]. In healthy human subjects supplemented with tomato juice for 4 wk, mean changes
from baseline plasma concentrations of PE and PF were greater than that of LYC, despite lower
concentrations of PE and PF in tomato juice [26]. In the current study, rats fed a 10% tomato
powder diet, containing similar PE, PF, and LYC concentration, accumulated more PE and PF
in the liver and serum than LYC. Collectively, results presented in this study and others [25,
26] confirm that the apparent bioavailability of PE and PF is at least equivalent, and perhaps
better, than that of LYC.

In this experiment, prostate carotenoid concentrations were lower than carotenoid
concentrations in the other measured tissues. LYC was the predominant carotenoid in the
seminal vesicles, ventral, dorsolateral, and anterior prostate lobes when rats were fed tomato
powder, yet measurable quantities of PE, PF, and ζ-carotene were also present. Recently, we
have also shown that 14C-phytoene accumulates in human DU 145 prostate cancer cells after
a 2 d incubation period [17]. In human prostate, LYC is the most abundant carotenoid [10,
27], but a variety of other tomato carotenoids also accumulate [10,14]. The prostate carotenoid
concentration profile reported in this animal study is quite similar to that found in human
prostate tissue (LYC > PF > PE) [10], further substantiating the use of the F344 rat model for
evaluation of tomato carotenoid metabolism, bioavailability, and biodistribution. Because the
prostate samples had to be pooled within groups for analysis, we do not know what the
variability would be from animal to animal and this necessity could be viewed as a potential
limitation of this study.

Due to similar carotenoid concentrations and structures, we had anticipated equivalent tissue
uptake and accumulation of PE, PF, and LYC in the tomato powder-fed rats. In light of the
present work, it is plausible that there is selective tissue uptake and/or degradation of specific
carotenoids. For differential uptake, the observed tissue specific carotenoid biodistribution
would suggest the presence of selective binding or transport proteins. Lutein, zeaxanthin, and
β-carotene reportedly utilize a transport and/or binding protein for specific tissue uptake
[28-33], yet transport proteins for PE, PF, or LYC have not been identified. In CaCo-2 cells,
differential and competitive uptake of α-carotene, β-carotene, lutein, and LYC has been
reported [34]. Recently, scavenger receptor class B, type I (SR-BI) has been identified as a
protein involved in intestinal transport of carotenoids in Caco-2 cells [35], and SR-BI is highly
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concentrated in human and rat liver and in steroidogenic tissues [36,37]. The specificity of
transport and/or binding proteins is unclear, yet it is plausible that this specificity may depend
on the number and/or location of conjugated double bonds present within carotenoids (Figure
1).

Differential tissue degradation of carotenoids may also contribute to alterations in carotenoid
biodistributions. For example, we speculate that the liver accumulated less LYC than PF due
to both enzymatic and non-enzymatic degradation of LYC. The liver is a highly metabolic
tissue, and tissue-specific cytochrome P450s produce significant quantities of reactive oxygen
species (ROS). LYC is the most effective singlet oxygen quencher in vitro of all C40 carotenoids
[38], and by serving as an antioxidant, LYC might be preferentially non-enzymatically
degraded in the liver.

Furthermore, liver degradation of LYC may be due to enzymatic cleavage of LYC to apo-
carotenals. In vitro studies suggest that LYC is primarily cleaved eccentrically at the 9′,10′
double bond by carotenoid-9′,10′ monooxygenase II (CMO II) enzyme [39], yet LYC may also
be centrally cleaved by carotenoid-15, 15′ monooxygenase (CMO I) [40]. CMO I is the key
enzyme involved in the metabolism of provitamin A carotenoids, such as β-carotene, to retinal
for subsequent conversion to retinol and retinoic acid [41]. Both CMO I and CMO II are highly
expressed in mouse and human liver [41,42]. Indeed, LYC metabolites, including apo-8′-
lycopenal and apo-10′-lycopenal, are in the liver of LYC-fed rats and ferrets, respectively,
suggesting LYC cleavage by CMO II [43,44]. Therefore, if PE and PF have less affinity for
CMO I and II, then enzymatic and non-enzymatic cleavage of LYC in the liver would ultimately
result in decreased hepatic LYC concentrations relative to PE and PF. In contrast, androgen-
sensitive tissues, including the prostate lobes and seminal vesicles, had higher relative amounts
of LYC than other measured carotenoids. CMO I and II are expressed in the rodent prostate,
but at much lower levels than that of the liver [42,45]. This suggests that enzymatic degradation
of LYC in the prostate may be lower than LYC degradation in the liver. In addition, if one
assumes that the metabolic activity of the prostate is less than that of the liver, non-enzymatic
degradation of LYC in the prostate would be less.

In conclusion, this experiment is the first study to provide new insight into differential tomato
carotenoid biodistributions in a rat model pre-fed tomato powder. Specifically, PF and LYC
have greater relative carotenoid accumulation in liver and prostate, respectively. Data also
indicate significant relative increases of PE or PF in tissues and serum 24 hr after a single oral
dose of PE or PF. By using an animal model that has a prostate homologous to that of humans,
these novel results may be translatable to conditions in the human prostate. Therefore,
continued mechanistic evaluation of PE and PF in prostate cancer prevention, as compared to
LYC, is warranted due to these detectable PE and PF prostate concentrations. Future studies
should focus on the in vivo metabolism of PE and PF in a similar manner to studies that have
been accomplished for LYC metabolism [16,46]. As 14C- PE and 14C- PF sources are not
available, biosynthesis of these and other carotenoids through in vitro plant cell culture
methodologies is necessary [17]. Precise qualitative and quantitative identification of 14C-
carotenoid metabolites throughout the body, with an emphasis on the prostate [16,46], are
essential to evaluate potential mechanisms of actions by which tomato carotenoids may act in
prostate cancer prevention. Results from this work provide a better understanding of relative
PE and PF tissue accumulation, compared to LYC (information not previously known).
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Abbreviations
CMO I  

carotenoid-15, 15′ monooxygenase

CMO II  
carotenoid-9′,10′ monooxygenase II

LYC  
lycopene

PE  
phytoene

PF  
phytofluene

ROS  
reactive oxygen species

RP-HPLC-PDA 
reverse phase-high pressure liquid chromatography-photodiode array

ZC  
ζ-carotene
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Figure 1.
Chemical structures of carotenoids found in tomatoes. Lycopene is the predominant tomato
carotenoid, but significant amounts of other carotenoids including phytoene and phytofluene
are present as well.
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Table 1
Carotenoid concentrations in serum and non-androgen sensitive tissues of rats fed a 10% tomato powder diet for
30 d and supplemented with a single oral dose of PE or PF on d 31.1

Carotenoid Tomato powder-fed2 PE-24hr3 PF-24hr4

Serum (nmol/L)
Phytoene 556 ± 55 c 1550 ± 240 d 508 ± 32 c
Phytofluene 403 ± 33c 451 ± 34 c 1560 ± 160 d
Lycopene 288 ± 19 342 ± 40 313 ± 28
ζ-Carotene 48 ± 3 51 ± 4 48 ± 3

Liver (nmol/g)
Phytoene 104.4 ± 13.3 a,b 121.6 ± 4.8 b 82.1 ± 5.9 a
Phytofluene 168.2 ± 20.7 a 119.5 ± 5.2 a 230.0 ± 15.1 b
Lycopene 103.6 ± 13.7 70.5 ± 6.5 82.8 ± 9.3
ζ-Carotene 15.4 ± 1.9 11.2 ± 0.6 12.2 ± 0.8

Adrenal (nmol/g)
Phytoene 36. 8± 1.6 c 24.8 ± 1.7 d 26.7 ± 1.6 c, d
Phytofluene 39.6 ± 1.6 c 28.4 ± 1.9 d 34.8 ± 1.7 c, d
Lycopene 7.7 ± 0.9 5.8 ± 0.3 6.4 ± 0.6
ζ-Carotene 5.5 ± 0.3 4.1 ± 0.4 4.5 ± 0.3

Spleen (nmol/g)
Phytoene 9.5 ± 0.4 c 21.8 ± 2.3 d 9.8 ± 0.3 c
Phytofluene 41.1 ± 1.3 c 41.8 ± 1.6 c 61.5 ± 2.1 d
Lycopene 60.2 ± 3.6 60.1 ± 2.7 56.7 ± 2.2
ζ-Carotene 4.4 ± 0.2 4.4 ± 0.2 4.4 ± 0.1

Adipose (nmol/g)
Phytoene 0.15 ± 0.02 a,b 0.19 ± 0.03 b 0.11 ± 0.01 a
Phytofluene 0.19 ± 0.02 a 0.16 ± 0.01 a 0.28 ± 0.02 b
Lycopene 0.21 ± 0.03 0.18 ± 0.01 0.22 ± 0.01
ζ-Carotene 0.07 ± 0.01 0.06 ± 0.00 0.08 ± 0.00

1
Values are means ± SEM; liver, spleen, serum, and adipose, n = 8; adrenal, n = 3;

2
Tomato powder-fed = rats pre-fed 10% tomato powder diet for 30 d

3
PE-24hr = rats, pre-fed 10% tomato powder diet for 30 d, orally gavaged with 2.7 mg PE and euthanized 24 hr post-dose

4
PF-24hr = rats, pre-fed 10% tomato powder diet for 30 d, orally gavaged with 2.7 mg PF and euthanized 24 hr post-dose

a,b
Means within a row with a different letter are statistically different (P < 0.05) determined by one-way ANOVA and post-hoc Tukey's studentized range

test.

c,d
Means within a row with a different letter are statistically different (P < 0.01) determined by one-way ANOVA and post-hoc Tukey's studentized range

test.
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Table 2
Carotenoid concentrations in androgen sensitive tissues of rats fed a 10% tomato powder diet for 30 d and
supplemented with a single oral dose of PE or PF on d 31.1

Carotenoid Tomato powder-fed2 PE-24hr3 PF-24hr4

Testes (nmol/g)
Phytoene 0.10 ± 0.02 a 0.16 ± 0.01 b 0.08 ± 0.01 a
Phytofluene 0.18 ± 0.01 a 0.16 ± 0.01 a 0.23 ± 0.01 b
Lycopene 0.19 ± 0.01 0.19 ± 0.01 0.20 ± 0.01
ζ-Carotene 0.06 ± 0.00 0.06 ± 0.00 0.07 ± 0.00

Dorsolateral plus anterior prostate (nmol/g)
Phytoene 0.05 0.08 0.04
Phytofluene 0.08 0.07 0.14
Lycopene 0.22 0.22 0.21
ζ-Carotene 0.05 0.04 0.04

Ventral prostate (nmol/g)
Phytoene 0.05 0.10 0.06
Phytofluene 0.11 0.11 0.16
Lycopene 0.22 0.25 0.22
ζ-Carotene 0.05 0.06 0.05

Seminal vesicles (nmol/g)
Phytoene 0.06 0.07 0.06
Phytofluene 0.06 0.05 0.10
Lycopene 0.10 0.10 0.11
ζ-Carotene 0.04 0.03 0.03

1
Values are means ± SEM; testes n = 8; ventral prostate, dorsolateral plus anterior prostate, and seminal vesicles, n = 1.

2
Tomato powder-fed = rats pre-fed 10% tomato powder diet for 30 d

3
PE-24hr = rats, pre-fed 10% tomato powder diet for 30 d, orally gavaged with 2.7 mg PE and euthanized 24 hr post-dose

4
PF-24hr = rats, pre-fed 10% tomato powder diet for 30 d, orally gavaged with 2.7 mg PF and euthanized 24 hr post-dose

a,b
Means within a row with a different letter are statistically different (P < 0.05) determined by one-way ANOVA and post-hoc Tukey's studentized range

test.
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