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Abstract: Carotenoids and retinyl esters are the source of vitamin A in the human body and its natural derivatives takes part
in the regulation of cell replication and differentiation in the human endometrium, may induce the leiomyoma growth and has
a role in differentiation of endometrial adenocarcinoma. The aim of the study was to demonstrate the presence of carotenoids
in tissues from the normal uterus and from various tumors of the uterine corpus, as well as to compare the total content, major
carotenoids and % of carotenoids belonging to the provitamin A group between the tissues examined. Using three independent
methods of chromatography (CC, TLC, HPLC) we analysed 140 human samples. We identified 13 carotenoids belonging to
the eg. provitamin A group and epoxy carotenoids. In all the samples B-carotene, B-cryptoxanthin, lutein, neoxanthin, violax-
anthin and mutatoxanthin were isolated. In normal tissues, the mean carotenoid content was the highest in the follicular phase
endometrium (9.9 ng/g), while the highest percentage of carotenoids belonging to provitamin A group was found in the luteal
phase (18.2%). In the pathological group, the highest mean values were demonstrated for epithelial lesions (8.0 pug/g), and with-
in this group - in endometrioid adenocarcinoma (10.8 pg/g). In both groups, violaxanthin, B-cryptoxanthin, lutein epoxide and
mutatoxanthin were the predominant carotenoids. We have demonstrated that all uterine tissues show a concentration of [3-
carotene and B-cryptoxanthin, being the source of vitamin A. The highest total values of carotenoids obtained in the group of
endometrioid adenocarcinoma seem to confirm certain enzymatic defects in carotenoid metabolism in the course of the neo-
plastic process or some metabolic modifications. The finding of astaxanthin - the major antioxidant among carotenoids - in 63%
of tissues examined is also significant.
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Introduction taken up by corpora lutea and uterine endometrium, and
also significantly increased the total content of uterine
protein [6]. Also the uterine environment in pigs, apart
estrogens, prostaglandin and several proteins, includes
retinol [7]. Thus, carotenoid concentration in the mam-
malian uterine could regulate the uterine environment.
Vitamin A is provided to the human organism with
food, in the form of retinyl esters (animal products) and
carotenoids belonging to the group of provitamin A
(vegetable products). Among them [-carotene is the
most widely spread in nature. Its presence has been
described in the majority of lower and higher plants [8].
In man, this carotenoid pigment absorbed with food is
enzymatically converted into two vitamin A molecules.
The multiple enzymes are capable of catalysing each of
the steps required to convert dietary precursors to bioac-
tive metabolites, such as retinal and retinoic acid. These
steps can be catalysed by more than one enzyme and

. ; . o ) most of the enzymes involved are multifunctional [9].
and Gynecological Endocrinology, Medical University of Biatys- So this process is complex. The retinoic acid. a natural
tok, 15-276 Biatystok, M. Sktodowskiej-Curie 24A, Poland; tel.: p . . DICX. . > .
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The function of carotenoids in humans is not clear,
although we know that retinol (vitamin A) is involved in
vision-related processes, maintenance of differentiated
epithelia, mucus secretion and reproduction. Animal
studies have revealed that vitamin A and its derivatives
(retinoids) play a primary role in the physiological
development and growth of the uterine [1], while its
natural derivative - retinoic acid can restore normal uter-
ine epithelial cell differentiation in deficient animals [2].
[B-carotene supply has a beneficial effect on the growth
of the embryo and placenta [3,4]. A study of Schweigert
et al. on gilts demonstrated that vitamin A content and
distribution in uterine tissue was dependent on the stage
of gestation [5]. Chew et al. showed that in cats fed diets
containing [3-carotene this carotenoid was subsequently
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the cycles of cell replication and differentiation in the
human endometrium [10], and decidualization of
fibroblasts [11,12]. Tsibris et al. suggest that among
inducers, apart from estradiol, the transcriptionally
active PPARY:RXRa. heterodimers and all-trans retinoic
acid may regulate the leiomyoma growth and this mech-
anism is potentially reversible [13]. There has also been
a suggestion that retinoic acid may take a role in differ-
entiation of endometrial adenocarcinoma [14]. Deng et
al. assume that endogenous retinoic acid may play an
important role in opposing the stimulatory effect of
estrogen in the normal endometrium and potentially
suppressing the development of endometrial hyperpla-
sia and cancer [15]. It is likely that in rats retinoic acid
produced endogenously by the uterus plays a major role
in uterine cell biology, and this role is attenuated
through the CRABPs [16]. CRABP I and II facilitate the
mobilisation of retinol from retinyl esters and also the
metabolism of retinol to retinoic acid. This proteins
could also play a role in the transfer of retinoic acid to
the nucleus [17]. In women, the mean CRABP concen-
tration in endometrial carcinomas represents an approx-
imately 4-fold increase over the mean concentration in
the normal endometrium and CRBP concentrations tend
to be reduced [18].

In the present study, we analysed the content of
carotenoids in normal and pathological tissues of corpus
uteri, their concentration in tissues and belonging to
biochemical groups. We identified predominant
carotenoids and determined the percentage of
carotenoids belonging to the group of provitamin A. We
also attempted to show any differences between the
respective groups of tissue samples examined.

Materials and methods

Subject and sample collection. Material for analysis was obtained
from 140 women, aged 32-74, during the planned curettage or oper-
ated on for various tumors of the uterine corpus in the Department
of Gynaecology, Medical University of Bialystok. (see Table 1). His-
tologically, the material originated from the normal endometrium
and myometrium and from tumors of the uterine corpus (epithelial,
mesenchymal or mixed tumors).

Cancer tissue carotenoid analyses. The carotenoid pigments were
isolated using column chromatography (CC), thin-layer chromatog-
raphy (TLC) and high-performance liquid chromatography (HPLC).
Prior to chromatography, the material was homogenised with ace-
tone under nitrogen in dark glass bottles and the extracts were kept
in a refrigerator until analysed. Saponification was carried out with
10% KOH in ethanol at 20°C for 24 h in the dark under nitrogen.
Column and thin-layer chromatography was used to separate the
carotenoids, which were identified by comparison with standard
compounds (Hoffman-La Roche and Sigma Company) by a) the
behaviour on column chromatography; b) their UV-VIS spectra
(Beckman 2400); c) their partition between n-hexane and 95%
ethanol; d) their Rf-values on thin-layer chromatography; e¢) the
presence of allylic OH-group determined by the acid CHCLS3 test; f)
the epoxide test and g) the mass spectrum [19]. Pigments were deter-
mined also by ion - pairing, reverse - phase HPLC. To 1000 Ul of the
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Fig. 1. Structural features of carotenoids from investigated materials
(see Table 2).

clear extract, 300 Wl of ion - pairing reagent was added according to
Mantoura and Llewellyn [20]. The HPLC equipment consisted of
Shimadzu LC - 6A double - system pump, driven by a gradient pro-
grammer Shimadzu SCL-6B and Redone 7125 injector equipped
with a 20-ul loop. A Shimadzu SPD -6AV UV - VIS spectropho-
tometer detector set detection on 440 nm and Shimadzu RF - 535
fluorescence detectors.

Carotenoids as pigment standards were obtained from Hoffman
- La Roche Company, Switzerland, International Agency for '“C
Determinations, Denmark and Sigma Chemical Company,USA.

Quantitative determinations were performed by UV, VIS spec-
troscopy [21]. For the structures of carotenoids see Straub [22] and
Czeczuga [23].

Statistical analysis. In each group of examined tissues mean values
+ standard deviation (SD) were calculated. The Mann-Whitney test
was used to perform statistical analysis.

Results

The characteristics of study subjects are shown in Table
1. A list of carotenoids obtained form the investigated
samples is shown in Table 2 and Fig. 1.

The investigations allowed identification of 13
carotenoids in the tissue samples examined. Six
carotenoids: B-carotene, B-cryptoxanthin, lutein, neox-
anthin, violaxanthin and mutatoxanthin were found in
all the samples (100%), irrespective of the histological
type. 95% of the tissues contained zeaxanthin. 92.8%
had lutein epoxide, which was absent only from polypus
endometrialis. Astaxanthin was identified in all
histopathological groups (62.8%). Hydroxyechinenone
was found only in the follicular phase endometrium
(2.1%), as well as in epithelial tumors and other lesions
of epithelial origin (17.9%), including endometrioid
adenocarcinoma (5.7%). Antheraxanthin (11.4%) was
found in the muscular tissue, in epithelial tumors group
and in other epithelial lesions (most commonly in
endometrioid adenocarcinoma 5.7%) and in mixed
tumors (mixed epithelial and mesenchymal tumors -
adenomyoma). Canthaxanthin was identified only in the
group of myomas (2.1%). Of the 140 tissues examined,
only one contained -carotene (nonatypical hyperplasia
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Table 1. Characteristic of study subjects (normal tissues/tumors of the uterine corpus).
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Patients (n=140) Normal lissucs Tumors of the uterine corpus Total
Age (yeurs)* 51.7+8.43 502+11.1 50.1+9.7
Weight (kg )* 73.8+11.89 74.0x16 51 742+14.72
BMT* 25.6x738 29.0+6.53 28 34595
Age at menarche (years)® 14.3+1.75 14.1+1.58 14.2+1.63
Menses

Regular 25 62 87

Iregular 0 10 10
Tamily status (n)

Never married 1 2 3

Married 29 108 137
Parity (n)* 19409 23148 214133

Nulliparous (n) 2 19 21
Menopausal status (n)

TPremenopausal 0 0 0

Postmenopausal 5 38 43
Lamily history of ovary and breast cancer (n) 0 0 0
1lormonal therapy (n)

ocC 0 0 0

1IRT 0 0 0

*Values are means = SD

Table 2. List of carotenoids from investigated materials.

Carotenoid Srm? (?eil;'llgni ) Semisystematic name
1. a-carotene C4oHsg A-R-B B e-Carotene
2. B-carotene C,Hsg A-R-A [ p-Carotene
3. B-cryptoxanthin C,Hss0O A-R-C B,p-Caroten-3-ol
4. lutein C40Hs60, C-R-D B,e,Carotene-3,3"-diol
3. zeaxanthin C10Hs60, C-R-C B,p-Carotene-3,3"-diol
6. echinenone C,oHs4O A-R-E B1.p-Caroten-4-one
7. hydroxyechimenone CyHss0y | A-R-F 3-Hydroxy-f fj-caroten-4-one
8. canthaxanthin Cyolls;05 | E-R-L B.p-Carotene-4.4"-dione
9. astaxanthin Cyotls;04 | F-R-F 3,3’-Dihydroxy-f,p-carotene-4,4"-dione
10. lutein epoxide C,Hss05 | B-R-G 5,6-Epoxy-5,6-dihydro-f,e-carotene-3,3 -diol
11. antheraxanthin C,Hss053 | C-R-G 3.,6-Epoxy-5,6-dihydro-p,p-carotene-3,3"-diol
12. neoxanthin CyHss04 | G-R-H 5°.,6"-Epoxy-6,7-didehydro-5,6,5",6 tetrahydro-p,B- carotene-3,5,3"-triol
13. violaxanthin CyollssOy | G-R-G 5,6,57,6"-Dicpoxy-3,6,5",6"-letrahydro-p,p-carotene-3,3'-diol
14. mulatoxanthin CullssOy | C-Ri-I 5,8-L'poxy-5,8-dihydro-p,p-carotene-3,3 -diol
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Table 3. Carotenoids composition in the examined tissues of normal endometrium and myometrium.

Carotenoid detected Total content Major carotenoid % of carolenoids belonging
{(see Table 2) {pa/e)* (see Table 2) to the provitamin A group®
Endometrium
Endometrium folliculare (n=10)

. . . 9.7+£3.86
2.3,4,5,7.9.10,12, 13,14 9.9+1.56 3,10,13 Ap<0.0001
Endometrium luteale (n=10)

- ) 4.2+1.16 -
2,3,4,5,9,10,12,13, 14 #9<0.0001 13,14 18.2+2.57
Total in endometrium group 7.1£3.25 13.9£5.43
Myometrium (n=10)

. 4.6=0.66 -
2.3,4,5,9,10,11,12,13, 14 #5<0.0001 13,14 14.0+4.13
Total in whole group )
*Values are means=SD 0.23£2.91 13.9+:4.96

#statistically significant differences relative to the endometrium folliculare group;

“statistically significant differences relative to the endometrium luteale group

complex). Echinenone was not detected (see Table 3
and 4).

The total carotenoid content in the samples obtained
from endometrium and muscular tissues ranged from
2.6 to 11.8 ug/g tissue, mean 6.3+2.91 ug/g. Mean val-
ues in the tissues obtained from the endometrium were
higher compared to those from the myometrium but not
statistically significant (7.1£3.25 / 4.6+0.66 ug/g). In
the follicular phase mucosa, the mean carotenoid con-
tent was higher than in secretory phase (respectively:
9.9+1.56 and 4.2+1.16 ng/g).

The highest concentration of provitamin A
carotenoids was observed in the tissues of the secretory
phase uterine mucosa (18.2242.57%).

Violaxanthin, B-cryptoxanthin and lutein epoxide
were the predominant carotenoids in the follicular phase,
while violaxanthin and mutatoxanthin in the secretory
phase mucosa and in the uterine muscle (Table 3).

The total carotenoid content was slightly higher in
the material obtained from pathological lesions, rang-
ing between 1.1 and 13.6, mean 6.9+£3.31 (Table 4). It
was the highest in the group of epithelial tumors and
lesions of epithelial origin (8.0+£3.48 ug/g), especially
in endometrioid adenocarcinoma (10.8+1.87 ug/g). In
mesenchymal tumors, the mean carotenoid content
was 5.0+1.96 ug/g, being the highest in leiomyosarco-
ma (6.1+1.13 pg/g). The lowest values were noted in
the group of mixed tumors (4.7+0.56 ug/g).

The % of the provitamin A group carotenoid con-
tent was the highest in mesenchymal tumors (11.7%).
In the remaining two groups the values were similar.

Like in normal tissues, the predominant carotenoids
included lutein epoxide (37.1%), mutatoxanthin
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(28.6%), P-cryptoxanthin (7.1%) and violaxanthin
(5.7%). Lutein epoxide and mutatoxanthin were
detected in all the histopathological groups examined,
although the latter was not present in endometrioid
adenocarcinoma. [-cryptoxanthin and violaxanthin
were found only in the group of epithelial tumors and
lesions of epithelial origin (endometrioid adenocarci-
noma) (Table 4).

Discussion

This report describes the total content, major
carotenoid and % of carotenoids belonging to the
provitamin A group in normal tissues of the endometri-
um and myometrium and in tissues of tumors of the
uterine corpus. In addition, the results confirm differ-
ences between the study groups.

The up-to-now many years' studies have focused
mainly on [-carotene. Our results are the first to allow
complete identification of carotenoids of the provita-
min A group (oi-carotene, B-carotene, 3-cryptoxanthin,
hydroxyechinenone) or epoxide carotenoids (lutein
epoxide, mutatoxanthin, violaxanthin).

In 1992 Stahl found differences in the carotenoid
content in the respective organs, which varied
between individuals. Carotenoids were detected in
greatest amounts in the liver, adrenal glands and tes-
ticles [24,25]. Despite individual differences in
carotenoid patterns, [-carotene and lycopene were
predominant in all the subjects [24]. The function of
carotenoids in tissues of the reproductive organs in
women and their effects on the reproductive function
are unknown.
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Table 4. Carotenoids composition in the examined tissues of tumors of the uterine corpus*®. Carotenoids belonging to the provitamin A group:
[-carotene - yielding 2 vitamin A molecules; B-cryptoxanthin - yielding 1 vitamin A molecule; a-carotene - yielding 1 vitamin A molecule;
echinenone - yielding 1 vitamin A molecule; hydroxyechinenone - yielding 1 vitamin A molecule.

Carotenoid detected Total content Major carotenoid % of carotenoids belonging
(sce lable 2) (nglg)** (sce Table 2) to the provilamin A group**
Epithelial tumors and related lesions
Endometrioid adenocarcinoma (n=20)
2,3,4,5,7.9,10,11,12,13, 14 10.8+1.87 3,10,13 12.54£3.03
Lndometrial hyperplasia
Nonatypical hyperplasia
Simplex (n=10)
2,3,4,5,7,9,10,12, 13, 14 8.1+£2.92 10, 14 9.9+1.44
Complex
(adenomatous) (n=10)
1,2,3.4,5,7, 9,10,11, 12,13, 14 “?biaﬂl 3,10, 14 10242.87
Alypical hyperplasia
Simplex (n=10)
2,3,4,5,7,9, 1012, 13,14 8.2+3.18 10, 14 9.5+£2 .51
Complex (n=10)
2,3,4,5,7,9,1012, 13, 14 7.9£3.38 3,10, 14 11.00+4.25
Endometrial polyp (n=10)
2,3,4,5.7,9,12, 13, 14 ﬁ;j(:;:%](])gl 10, 14 11.7£2.51
Total in cpithelial tumors and related lesions group 8.0+£3.48 10.97+2.94
Mesenchymal (umors
Smooth muscle tumors
Leiomyosarcoma (n=10)
2,3,4,5,9,10,12, 13, 14 6.1x1.13 10, 14 9.9+£2 .41
Leiomyoma (n=20)
2,3,4,5.8,9,10,12, 13, 14 4.5£2.08 10, 14 12.6+4.29
Total in mesenchymal tumors group ’?p[i%i[%[)?)(: 11.7+£3.95
Mixed epithelial and mesenchymal tumors
Adenomyoma (n=10)
2,3.4,5,9.10,11,12,13, 14 f\:)z(:)t{[g(f(?l 10,14 9.8+1.33
Total in whole group 6.9+£3.31 11.06+3.17

*according to World Health Organization Classification of Tumors, Pathology and Genetics of Tumors of the Breast and Female Genital Organs. Ed. Tavas-
soli F.A., Devilee P., IARC Press., Lyon, 2003; ** Values are means +SD; statistically significant differences relative to the endometrioid adenocarcinoma

group; “statistically significant differences relative to the epithelial tumors and related lesions group

Our own research has revealed that in physiological —hydroxyechinenone and the predominance of B-cryp-
conditions carotenoid concentration is the highest in the  toxanthin are associated with this phase. However,
follicular phase endometrium. Also the presence of carotenoids of the provitamin A group constitute the
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highest percentage of pigments present in the luteal
phase endometrium, which may have a protective
effect and prevent pathological changes there. In 2004
Lindquist and Andersson revealed that the normal
endometrium expresses BCO1, the enzyme that cataly-
ses the first step in the conversion of dietary provitamin
A carotenoids to vitamin A. Thus it may be responsible
for local synthesis of retinol from the carotenoids accu-
mulated in the uterus in cases when their dietary supply
is insufficient [26].

In experiments on dogs, Weng et al. observed that
uptake of (-carotene and o-carotene by the uterine
endometrium and concentration of carotenoids
increased after supplementation of higher doses of 3-
carotene [4]. In our own experiments using 3 inde-
pendent methods we detected o-carotene in tissues of
atypical hyperplasia complex only once. The question
is why this carotenoid, present in 50% of tissues of
benign and malignant tumors of the breast and sur-
rounding fatty tissues [27], was observed only sporad-
ically in the present study.

-carotene content in human reproductive organs
was comparatively lower than that reported for tis-
sues of other human organs [28]. Compared to other
neoplastic tissues, tissues of endometrial cancer had
the lowest content of [-carotene [29]. Although
group A provitamin carotenoids were not the pre-
dominant ones, all the tissues (140 samples) con-
tained B-carotene and B-cryptoxanthin. Thus, any tis-
sue obtained from the uterine (normal or pathologic)
shows a concentration of vitamin A. The predominant
carotenoids were: [-cryptoxanthin and epoxide
carotenoids: lutein epoxide, mutatoxanthin and vio-
laxanthin. Lack of 3-carotene dominance can be due
to its involvement in a synergistic action with other
carotenoids [30] or with the effect that leads to the
reduction in the serum content of other carotenoids
[31].

In man, the major source of vitamin A is enzymat-
ic cleavage of (3-carotene and the principal source of
retinoic acid is generated in situ in target organs from
retinol. Cain ef al. were the first to make evidence that
in the human endometrium there is an expression of
retinol dehydrogenase (hRoDH-4) implicated in the
biosynthesis of retinoic acid and this expression is
compromised in cancer [10]. So carcinogenesis may
be associated with reduced retinoic acid biosynthesis.
This process may also involve hydroxyechinenone
(provitamin A group), higher values of which were
observed in histopathologically diagnosed endometrial
carcinoma and which was usually accompanied by
antheraxanthin. Worth noting is the fact that both in nor-
mal and pathological tissues, the mean total carotenoid
content was similar (6.2 / 6.9 ug/g). However, the mean
values were the highest in the group with endometrial
cancer (10.8 ug/g).
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The mean carotenoid content was low in polypus
endometrialis, twice as high in hyperplasia, and defi-
nitely the highest in endometrial cancer, which may
confirm the enzymatic defect in retinol metabolism
[10] or metabolic modifications [32] in the neoplastic
process. Endometrial transformations under the effect
of steroids and retinoids obtained from the culture of
the human endometrium by Kamelle e al. suggest that
these compounds may have an effect on endometrium
transformation, resembling dysplasia or cancer [33].

Similarly, in the group of mesenchymal lesions -
malignant lesions (leiomyosarcoma) showed higher
total carotenoid content, compared to benign lesions
(myomas).

Uterine leiomyomas, benign tumors of smooth
muscle cells, are the most common pelvic neoplasms
in women. In the normal myometrium the values of 3
carotene were more than twofold higher compared to
those obtained in leiomyoma group [28,29]. Based on
our study outcome, we found no differences in the
mean total carotenoid content between both groups,
the values were relatively low. However, these groups
showed high percentage of carotenoids belonging to
group A provitamin (respectively 14.0 and 12.6%),
which may confirm the involvement of retinoic acid in
the regulation of myoma growth [13]. Zeaxanthin,
present in 95% of the material examined, was identi-
fied in all but 7 samples obtained from the myometri-
um, while canthaxanthin seemed to be characteristic of
myomas.

Authors of numerous studies concluded that the
carotenoid effect is due to its prior conversion to vita-
min A. However, most dietary carotenoids cannot be
converted into retinoids. Some literature data indicate
that P-carotene can bind certain retinoid receptors
without being cleaved to form vitamin A [34]. Other
mechanisms of carotenoid pigments should also be
considered. Asthaxanthin found in 63% of the tissues
examined in the present study has the highest antiox-
idative properties [35], especially in tissues in which
oxygen tension is low (eg. in the uterus). Also [3-
carotene may serve to protect the uterine environment
from oxidative damage [6]. Chew and Park revealed
that dietary carotenoids withouth provitamin A activi-
ty, such as lutein, lycopene, asthaxanthin and canthax-
anthin demonstrated the immuno-modulatory action
(immuno-enhancing action) [36]. Canthaxanthin, (-
carotene o-carotene, lutein, PB-cryptoxanthin and
lycopene also take part in gap-junction communication
[37].

A number of factors can affect carotenoid concen-
tration in tissues. Some aspects of diets (fresh fruit and
vegetables) is associated with a decreased risk of
endometrial cancer [38], including the amount of fatty
tissue that serves as a certain type of carotenoid reser-
voir [39], or with smoking. It has been shown that the
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atmosphere of high content of free radicals modifies 3-
carotene metabolism to obtain forms rich in excentric
cleavage metabolites that are structurally similar to
retinoids, which could somehow interfere with the
metabolism of retinoic acid and thus retinoid sig-
nalling [32].

The question whether the presence of carotenoids is
the result of accumulation or the effect of a definite
function remains open, the more so as carotenoids
belonging to different groups may accumulate in blood
or tissues, and some of the environmental chemicals
may interact with the retinoic acid receptors in the
uterus [40]. Thus, the accumulation of carotenoids
may be the consequence of this event.

The possible involvement of carotenoids in the bio-
logical processes that occur in the uterine endometri-
um and muscle and the possible efficacy in the pre-
vention of cancer should be explored further.
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