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Introduction
Lycopene is an important carotenoid because epidemio-
logic studies have shown that high lycopene intakes are
associated with lowered risk of heart disease, stroke, and
several types of cancer including lung, breast, prostate,
and those affecting the gastrointestinal tract [1–5]. Simi-
lar to β-carotene, lycopene has 11 trans conjugated dou-
ble bonds [6], which play an important role in quenching

singlet oxygen (1O2) [7] and in trapping peroxyl radicals
[8]. Although lycopene has no vitamin A activity because
of the lack of β-ionone ring, it exhibits other biological
properties such as suppression of cell proliferation of hu-
man cancer cells [9] and induction of gap-junction com-
munication [10].

Rats and mice are used in many areas of scientific re-
search, including the study of carotenoid nutrition. Spe-
cific applications for these strains include cancer studies
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[11, 12] and studies evaluating immune function [13, 14].
These rodents have various strains, including knock-outs
and transgenic animals. Athymic nude mice have been
used to study the growth and metastatic behavior of vari-
ous human neoplasms [15–19], including the effect of
carotenoids on cancer prevention [20]. However, it is
known in nutrition that most rodents do not accumulate
carotenoid because they absorb carotenoid poorly and can
convert β-carotene to vitamin A. Although lycopene is not
a pro-vitamin A, several studies using rats for lycopene
studies have shown little accumulation in tissues and
plasma [21, 22]. Thus, rats and mice may not be appro-
priate for studying carotenoid absorption and bioavail-
ability.

The Mongolian gerbil has lipoprotein profiles that are
more similar to those of humans than to those of other ro-
dents [23], and this strain has been found to be an accept-
able model for studying lipid metabolism and atheroscle-
rosis [24–26]. Recently, the Mongolian gerbil has been
suggested as a possible model for studies of carotenoid
metabolism [27–29]. Mongolian gerbils can both cleave
β-carotene and absorb it intact [30]. House et al [27]
demonstrated that male gerbils grow normally when fed
the AIN-93G rodent diet and absorb large amounts of in-
tact β-carotene. Lee et al [31] indicated that gerbils con-
vert β-carotene to vitamin A at a ratio similar to that of
humans. Conversely, Molldrem and Tanumihardjo [32] re-
ported that lutein, as a daily supplement in oil, is not
bioavailable to Mongolian gerbils. However, the accumu-
lation of lycopene in gerbils has not been reported.

In this study we compared plasma and tissue distribu-
tion of lycopene in male F344 rats, BALB/c mice, nude
mice, and Mongolian gerbils, after supplementation with
lycopene for 10 days. We hypothesized that Mongolian
gerbils and nude mice are more suitable animal models
for lycopene research than are F344 rats and BALB/c mice.
To our knowledge, this is the first report on direct com-
parison of lycopene accumulation in various rodents.

Materials and Methods

Animals

Adult (6-to 8-week-old) male F344 rats (185–200 g, n =
12), male BALB/c mice (20–25 g, n = 24), and male
athymic nude mice (17–22 g, n = 24) were purchased from
the animal Center of the National Science Council. Male
Mongolian gerbils (49–56 g, n = 30) were purchased from
the Animal Center of the National Taiwan University. The
study protocol was approved by the Animal Research
Committee of National Chung Hsing University.

Diets and experimental design

The animals were housed individually in hanging wire
mesh cages with controlled temperature (25 ± 2°C), hu-
midity (65 ± 5%), and alternating 12-hour light:dark cy-
cle. Upon arrival, animals were acclimated for 2 weeks,
during which they were fed a standard rodent diet (Lab
5001, Purina Mills, St. Louis, MO) and water ad libitum.
The standard diet contains 4.5% crude fat and 4.5 mg β-
carotene/kg but had no detectable amount of lycopene, as
indicated by the supplier.

F344 rats, BALB/c mice, nude mice, and gerbils re-
ceived either corn oil alone (10 mL/kg BW·2d; Wako,
Japan) as controls or were supplemented orally with ly-
copene (20 mg/kg BW·2d) in corn oil every other morning
(10 AM) for 10 days. Body weights and plasma lycopene
were measured every 2 days. Blood samples of animals
were obtained from the retro-orbital plexus every other day,
as it has been shown that lycopene absorption and distrib-
ution are ongoing processes during the first 24 hours after
dosing (plasma lycopene concentrations peak at ~15 hours)
[33]. After blood drawing, the animals were sacrificed by
CO2 asphyxiation, and the liver, kidneys, lung, brain, and
testes were collected. Blood samples were collected from
both the retro-orbital plexus and heart in a 10-mL vacu-
tainer tube containing K3EDTA, and were centrifuged (400
× g, 10 minutes) to separate plasma. Tissues and plasma
were collected and stored at –80°C until analysis.

In order to determine the steady-state concentration of
plasma lycopene in gerbils for a longer period, we con-
ducted an additional experiment by supplementing 10 ex-
tra gerbils with lycopene (20 mg/kg BW·2d) for 20 days.
Plasma lycopene concentrations were measured every 2
days during the 20-day supplementation period.

Measurement of plasma carotenoid
contents

Carotenoids were extracted from plasma by a modifica-
tion of a method described previously [34]. Briefly,
aliquots (200 µL) of pooled plasma, kept on ice, were
placed in 100 × 13 mm borosilicate glass tubes and ex-
tracted with 200 µL of 95% ethanol containing α-toco-
pherol acetate (200 µL/mL) and retinol acetate (570
ng/mL). After being vortexed for 45 seconds, they were
extracted with hexane (1.0 mL, containing 0.01% BHT)
and vortexed for 1 minute. The phases were separated by
centrifugation (1400 × g, 10 minutes, 4°C). The upper or-
ganic phase was removed and evaporated in a glass test
tube (as above) under a stream of nitrogen at room tem-
perature. The residue was reconstituted in 15 µL of chlo-
roform and vortexed for 40 seconds. Initial dissolution in
chloroform was necessary for efficient recovery of
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carotenoids. A 35-µL volume of acetonitrile-methanol (1:1)
was added and vortexed for a further 40 seconds.

Measurement of tissue carotenoid contents

β-carotene and lycopene were extracted and analyzed us-
ing reverse-phase high-performance liquid chromatogra-
phy (HPLC) as described elsewhere [35]. The tissues were
extracted without saponification using 6.0 mL of CHCl3:
CH3OH (2:1, v/v). Retinyl acetate and α-tocopherol ac-
etate were added as internal standards. The tissue mixtures
were centrifuged for 10 minutes at 320 × g at 4°C, and the
chloroform layer was evaporated to dryness under nitro-
gen. The residue was redissolved in 15 µL chloroform and
35 µL acetonitrile-methanol mixtures (1:1, v/v). A 20-µL
aliquot of final extract was injected onto the HPLC system.

Lycopene and β-carotene were then analyzed using
HPLC, as we described previously [36], which was mod-
ified from Su et al [34]. Absorption maxima of β-carotene
and lycopene were 450 nm and 470 nm, respectively. This
method determines only lycopene and does not allow the
differentiation of isomers. The efficiency of extraction of
internal standards ranged from 76 to 85% in plasma sam-
ples and 81 to 87% in tissue samples. In this study, ly-
copene was stable in the plasma stored at –80°C for 1
month in the dark (data not shown).

Statistical analysis

Values are expressed as means ± SD and analyzed using
one-way ANOVA, followed by Duncan’s multiple range

test for comparisons of group means. When only two
groups are compared, we used unpaired Student’s t-test for
statistical analysis. The statistical analysis was performed
using SPSS for Windows, version 10 (SPSS, Inc.); a p val-
ue < 0.05 was considered statistically significant.

Results

Effect of lycopene supplementation on
body weights and appearance 

Neither oral corn oil nor lycopene-containing corn oil af-
fected body weight gain (p > 0.05, data not shown). Ly-
copene supplementation for 10 days produced no overt
toxic side effects except for a brownish discoloration of
the tail in the four strains of rodents studied (data not
shown).

Effect of lycopene supplementation on
total lycopene levels in plasma 

There was no detectable lycopene in the plasma or tissues
of the control animals (data not shown). After supple-
mentation with lycopene (20 mg/kg BW·2d) for 10 days,
the plasma lycopene concentrations were significantly in-
creased in all the strains studied; the highest level (667 ±
160 nM) was found in gerbils, followed by nude mice (224
± 51 nM), then by the BALB/c mice (198 ± 52 nM) and
F344 rats (139 ± 41 nM) (Figure 1), although only that of
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gerbils was significantly different from that of other ro-
dents (p < 0.05).

Effect of lycopene supplementation on
total lycopene levels in tissues 

Lycopene was not detected in the liver, kidney, lung, brain,
and testes from the four strains of animals without ly-
copene supplementation. In all four strains of animals sup-
plemented with lycopene, the lycopene levels were high-
est in the liver, followed by the kidney, while little or no
detectable amounts of lycopene were detected in the lung,
brain, and testes (data not shown). Liver levels of lycopene
in the four strains of rodents were in the order: gerbils
(1432 ± 235 nmol/g), nude mice (524  ± 133 nmol/g), F344
rats (28 ± 11 nmol/g), and BALB/c mice (5 ± 2 nmol/g).
Similarly, kidney lycopene concentrations were in the or-
der of gerbils (76.7 ± 31.9 µg/g), nude mice (60.0 ± 21.6
nmol/g), F344 rats (4.8 ± 1.3 nmol/g), and BALB/c mice
(0.6 ± 0.2 nmol/g). 

Plasma and tissue levels of β-carotene

As revealed in Figure 2, plasma β-carotene levels in ger-
bils and nude mice were about 10 times higher than those
in F344 rats and BALB/c mice. Interestingly, the plasma

β-carotene levels were generally higher in the control an-
imals than in lycopene-supplemented animals during the
10-day feeding period, and these differences were partic-
ularly striking in nude mice and gerbils. 

The livers and kidneys of gerbils and nude mice also
accumulated more β-carotene than those of F344 rats and
BALB/c mice, with about 330–550 % difference between
the liver β-carotene levels of gerbils and those of F344 rats
and BALB/c mice (Table I). Similarly, the control animals
contained more tissue β-carotene than lycopene-supple-
mented animals, although the differences were not sig-
nificant in the livers of nude mice and in the kidneys of
BALB/c mice.

Steady-state plasma lycopene concentra-
tion in gerbils during the 20-day supple-
mentation period

During the 20-day dosing of gerbils with lycopene (20
mg/kg BW·2d), the plasma lycopene concentrations in-
creased in the first 6 day (i.e. the first three oral feedings)
reaching the highest lycopene concentration (827 nM) on
day 6. Thereafter and until day 20, the plasma lycopene
concentrations decreased and fluctuated between approxi-
mately 537 nM (day 14) and 731 nM (day 18), with no sig-
nificant differences between day 6 and day 20 (Figure 3).
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Figure 2: β-Carotene concentrations in
plasma of (A) F344 rats, (B) BALB/c
mice, (C) nude mice, and (D) gerbils
after supplementation with lycopene at
20 mg/kg BW·2d for 10 days. Values
(means ± SD, n ≥ 6) were curve-fitted
with regressions in a quaternary order
manner (r2 = 1). a Significantly different
(p < 0.01) from the control group
(supplemented orally with corn oil) at
the same time point in the same species
of animals (analyzed by Student’s 
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The 20-day supplementation of lycopene resulted in an
accumulation of lycopene of 2045 nmol/g in the liver of
gerbils, which was somewhat, but not significantly, high-
er than that (1432 nmol/g) in the liver of gerbils from the
10-day dosing experiment (p = 0.069). The lycopene con-
centrations in the kidney were essentially the same (ap-
proximately 80 nmol/g) between the 10-d and 20-d dos-
ing experiments (p = 0.856).

Discussion

Animal studies for elucidating the biological effect of ly-
copene are limited in part due to a lack of knowledge con-

cerning the absorption, metabolism, and tissue distribu-
tion of lycopene. Although rats and mice have often been
used for lycopene studies, it is questionable as to whether
these animals are suitable for such studies because of their
poor absorption of carotenoids relative to humans [37, 38].
In this study, we found no detectable plasma lycopene in
the four strains of rodents before lycopene supplementa-
tion, which may simply reflect the lack of lycopene in the
standard diet (Purina Laboratory chow, 5001). Oral treat-
ment with lycopene (20 mg/kg BW·2d) for 10 days (5 dos-
ing days) resulted in the appearance of lycopene in plas-
ma and accumulation of lycopene in livers, but accumu-
lation of lycopene occurred to a much lower extent in kid-
neys in the four strains of rodents. Previous studies in rats
and monkeys have also shown a much greater accumula-
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Table I: Concentrations of β-carotene in tissue of F344 rats, BALB/c mice, nude mice, and gerbils after supplementation at 20 mg/kg
BW·2d for 10 days.

Lycopene β-carotene content in tissues

Animal n supplementation Liver Kidney

mg/(kg BW·2d) nmol/g

F344 rat 6 0 38 ± 9 10.2 ± 3.0
6 20 22 ± 6a 0.7 ± 0.2a

BALB/c mouse 12 0 49 ± 11 4.1 ± 1.0
12 20 35 ± 3a 3.4 ± 0.7

Nude mouse 12 0 60 ± 13 28.9 ± 6.1
12 20 62 ± 18 15.6 ± 1.6a

Gerbil 10 0 160 ± 22 43.2 ± 11.3
10 20 121 ± 9a 24.8 ± 1.7a

Values are means + SD, n > 6
a Significantly different (p < 0.01) from the control group (supplemented orally with corn oil) in the same strains of animals
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Figure 3: Lycopene concentrations in
plasma of gerbils after supplementation
with lycopene at 20 mg/kg BW·2d for 20
days. Values (mean ± SD, n ≥ 3) were
curve-fitted with regressions in a
quaternary order manner (r2 = 0.92).
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tion of lycopene in the liver than in the kidney after ly-
copene supplementation [39]. It has been suggested that
the lycopene concentration in the liver is of two orders of
magnitude higher than that in other organs [40]. There-
fore, liver is an important target for evaluating accumula-
tion of lycopene.

Mongolian gerbils have been advocated as an appro-
priate animal model for studying carotenoid absorption
and metabolism and the availability of vitamin A from
carotenoid precursors [28, 29, 37]. However, the evidence
for such an advocacy is largely based on the fact that Mon-
golian gerbils readily absorb β-carotene intact [30], with
little evidence from other carotenoids such as lycopene.
Although others have reported the effective accumulation
of lycopene in tissues by Mongolian gerbils [37, 41, 42],
no comparisons have been made among different strains
of rodents. Here, we clearly demonstrate that gerbils ac-
cumulate large amounts of lycopene in the liver, kidney,
and plasma and that the gerbils are by far the best accu-
mulator of lycopene among the four strains of rodents stud-
ied.

Not surprisingly, F344 rats and BALB/c mice are poor
accumulators of lycopene, and the evidence indicates that
they are not appropriate surrogate animals for human stud-
ies on lycopene absorption and metabolism. However, it
is noteworthy that the nude mice are much better accu-
mulators of lycopene than are F344 rats and BALB/c mice,
although the nude mice accumulated significantly less ly-
copene in plasma, livers, and kidneys than did Mongolian
gerbils. Although ferrets absorb lycopene efficiently and
have been used as an animal model for lycopene research
[43, 44], they are more expensive than rats and mice, and
gerbils and are not readily available to many investigators.
Our present findings that the gerbils accumulate lycopene
efficiently suggest that this smaller, less expensive, and
commercially available animal species is an appropriate
model for carotenoid research.

The differences in plasma level and tissue storage of
lycopene between these rodent species may depend on the
fractions of lipoprotein. Carotenoids in mammalian blood
are located in the circulating lipoproteins and accumulat-
ed within fat store in the tissues. The gerbil model is more
similar to humans than other rodent species in terms of
plasma lipoprotein distribution and responses to dietary
changes [45].

In order to elucidate the steady-state concentrations of
plasma lycopene in gerbils, we conducted a 20-day dos-
ing experiment. We found that the steady state of plasma
lycopene levels, which were determined using curve fit-
ting from Figure 3, were between 597 and 722 nM (r2 =
0.92), with the highest level achieved only after 3 dosings
of lycopene (i.e. on day 6 of supplementation). Our results
agree well with those reported by Korytko et al in gerbils

[33], in which a steady-state plasma lycopene concentra-
tion between 785 and 997 nM was found after oral treat-
ment with 30 mg/(kg BW·d) for 28 days. These steady-
state plasma concentrations in gerbils are comparable to
those in humans (664–1300 nM) who were supplement-
ed with dietary lycopene at 30 mg/day for 28 days [47].

An interesting observation of the present study is that
short-term supplementation with lycopene resulted in sig-
nificant decreases in plasma β-carotene concentrations in
all four strains of rodents studied. The results suggest a
competitive absorption between lycopene and β-carotene.
Indeed, lycopene supplementation (5 mg/day for 42 days)
in humans significantly decreases the β-cryptoxanthin
contents in plasma [48]. High-dose β-carotene supple-
mentation (300 mg/day for 21 days) in humans has been
shown to strongly decrease serum lycopene levels [49]. In
addition, supplementation of β-carotene at 100 mg/day for
6 days in humans decreases the lycopene content in low-
density lipoprotein (LDL) [50]. Van den Berg et al [51]
have suggested that carotenoids appear to compete each
other for incorporation into micelles, carotenoid exchange
between lipoproteins in the postprandial state, and inhibi-
tion of pro-vitamin A (β-carotene) cleavage.

In summary, this study demonstrates that gerbils and
nude mice are better accumulators of lycopene than F344
rats and BALB/c mice. Because humans are known to ac-
cumulate carotenoids, as opposed to rodents [52], our re-
sults suggest that gerbils and nude mice are more useful
than F344 rats and BALB/c mice for studying the in vivo
effects of lycopene for humans. However, further studies
are needed to determine whether the absorption and me-
tabolism of lycopene are similar between these two species
and humans.
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