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Carotenoid Contents in Mammals
I. Apodemus flavicollis and Clethrionomys glareolus

Bazyli CZECZUGA & Elzbieta MALZAHN

Czeczuga B. & Malzahn E., 1980: Carotenoid contents in mammals.
. Apodemus flavicollis and Clethrionomys glareolus. Acta theriol.,
25, 41: 501—509 [With 2 Tables & 1 Figs.].

For A. flavicollis individuals examined, 10 carotenoids were identi-
fied in different parts of the body in males, and 14 in females. Total
carotenoid contents in males varied from 0.198 (skin) to 0.874 jig/g
(lungs), and in females from 0.510 (intestine) to 2.091 \ig/g (liver).
Fifteen carotenoids were identified in C. glareolus. The total content
in males ranged from 0.316 (skin) to 1.542 jag/g (lungs), and in females
— from 0.178 (skin) to 3.585 fig/g (liver).

[Dept. Biol., Medical Academy, Kilinskiego 1, 15-230 Biatystok, and
Mammals Res. Inst.,, PAS, 17-230 Bialowieza]

1. INTRODUCTION

Carotenoids are some of the most commonly occurring pigments in
plants and animals (Isler, 1971). They accompany chlorophyll
pigments in green plants, and occur in the cells of both autotrophic
and heterotrophic bacteria (Czerpak & Czeczuga, 1979). In addi-
tion they are proper to both the lower fungi and pileus-bearing fungi
(Czeczuga, 1978b). During the course of recent studies on the
occurrence of carotenoids in representatives of different divisions of
invertebrate animals, we became interested in the question of the
presence of these pigments in different representatives of  Mammalia,
since these animals has not so far, apart from fragmentary reports
(Karrer & Jucker, 1948), formed the subject of detailed studies.
As is well known, carotenoids play an important part in the animal
organism. As shown by numerous studies (Dingle & L ucy> 1965),
carotenoids primarily stabilize cell membranes, participate in oxidore-
duction processes (Karnauchov, 1973) and, in relation to the
organism as a whole, take part in, inter alia, the reproduction of
animals (Goodwin, 1950), and also form a source of vitamin A
which, as is well known, constitutes a biologically active substance of
great importance to the animal organism.
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In view of the foregoing, we began studies on the contents of these
pigments in different organs of selected species of mammals. We were
additionally interested in the problem as to whether certain carotenoids
are proper only to mammals. This is the first study of a series devoted
to the occurrence of carotenoids in numerous species of mammals, in
this particular paper dealing with individuals of such species as Apo-
demus flavicollis and Clethrionomys glareolus.

2. MATERIAL AND METHODS

Six individuals of both sexes of Apodemus jlavicollis  (Melchior, 1834), collected
in May 1979 in the Biatowieza National Park, and twenty individuals of Clethrio-
nomys glareolus  (Schreber, 1780) taken from animals bred in captivity at the
Mammals Research Institute, PAS, at Biatowieza, were wused for the studies,
which were concerned with the skin, muscles, liver, lungs and small intestine,
separately for males and females.

The material collected was covered with 95% acetone in bottles, to which
nitrogen was added, after which the bottles were kept in a refrigerator at
a temperature of minus 4°C. Before chromatographic identification, the corres-
ponding parts of the body for each sex and species were combined, on account of
the small amount of material at our disposal. Separation of the different
carotenoid pigments was made by means of columnar and thin-layer chromato-
graphy. The material had previously been saponified with 10% KOH in a
nitrogen atmosphere at room temperature for 24 hours. After hydrolysis the
extract was passed through the column filled with A1,0;. Length of column
varied from 15 to 25 cm (from Quickfit, England). The different fractions were
eluted, using different combinations of solvents. The eluent was next evaporated
and the residue, after evaporation, was dissolved in the appropriate solvent (Cze-
czuga & Czerpak, 1976), in order to plot the absorption curve, the maxima
of which served, inter alia, to identify the various carotenoids. ldentical carotenoids
(from F. Hoffmann — La Roche, Basle) were used for identification of (3, y-
carotene, canthaxanthin, lutein, zeaxanthin and astaxanthin. Absorption maxima
were determined by using the Specol spectrophotometer.

In addition to columnar chromatography, the acetone extract obtained was
separated into different bands, using thin-layer chromatography. For this purpose
use was made of glass plates measuring 15X40 cm, which were covered with
silicagel (from Merck), then transferring the acetone extract by means of a special
micropipette on to the starting line, also using different solvent systems (Cze-
czuga & Czerpak, 1976). R value was next determined in accordance with
generally accepted principles.

Identification of the various carotenoids was made on the basis of absorption
maxima for the different fractions, Ry value, the epoxide test and also the
relations obtained for the epiphase and hypophase. Quantitative relations for the
various carotenoids were determined by Davies' method (Czeczuga & Czer-
pak, 1976).






3o

BOo

88
ocT
833
88

g8=8

S

o3E
A8
o8

Wo

88o

8at

NOM
©

.HKigio

hmun



Carotenoid contents in two rodent species 505
3. RESULTS

The results obtained by chromatographic analysis have been set out
in Tables 1 and 2. For the A. flavicollis, 10 carotenoids were identified
in different parts of the body in males, and 14 in females. Such caroten-
oidls as fi-cryptoxanthin and astaxanthin ester in males of this species
occurred in all the parts of the body analyzed, whereas the remaining
carotenoids were found only in certain parts of the body. The dominat-
ing carotenoids included (3-carotene (skin and lungs), and astaxanthin
(both forms) in the remaining parts of the body. Total carotenoid contents
in A. flavicollis males varied from 0.198 (skin) to 0.874 |ig/g (lungs), a-
cairotene, lutein, isozeaxanthin, violaxanthin and cryptoflavin were found
onlly in female individuals of this species. The remaining carotenoids
were the same as in males. Carotenoids occurring in the largest amounts
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Fig. 1 Carotenoid contents in different sexes of the two species of rodents.

intclude (3-carotene epoxide (skin), |3-cryptoxanthin) (lungs), zeaxanthin
(miuscles), lutein (liver) and its epoxide form (intestine). The total carote-
noid contents in females of A. flavicollis varied from 0.510 (intestine) to
2.(091 ng/g (liver).

The result of chromatographic analysis of individuals of C. glareolus
haive been set out in Table 2. Fifteen carotenoids were identified, the
miajority of which occurred in both females and males. Such carotenoids
as lutein and mutatochrome, however, were found only in males, and
y-tcarotene and phoenicoxanthin only in females. The group of carotenoids
occurring in the largest amounts in males include ~-carotene epoxide
(liungs), lutein epoxide (liver), zeaxanthin (skin), isozeaxanthin (muscles)
amd astaxanthin (intestine). In the case of females the dominating carote-
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noids are |3-cryptoxanthin (lungs), lutein epoxide (liver), zeaxanthin
(muscles and intestine) and astaxanthin ester (skin). The total carotenoid
contents in males varied from 0.316 (skin) to 1.542 \ig/g (lungs), and in
females — from 0.178 (skin) to 3.585 jug/g (liver).

4. DISCUSSION

It is a known fact that animals are not able to produce carotenoids
de novo, since this is proper only to plant organisms, animals obtaining
them only together with their food, and being able to oxidise only
certain of them. Studies with labelled C* carotenoids (Hata & Hata,
1973) showed that carotenoids ingested with food are assimilated in the
small intestine, certain of them being next converted into vitamin A in
the wall of the small intestine (Thompson et al, 1949; Suzuki
et al., 1963), or carried together with the blood to the various organs,
in the cells of which they are deposited either in the form in which they
were ingested together with food, or in a more oxidised state, in the
form of a defined xanthophill (Hata & Hat a, 1973). In respect of the
carotenoids found in individuals of the two species examined, the major-
ity of identified carotenoids occur in larger or small quantities in dif-
ferent parts of higher plants (Goodwin, 1976; Czeczuga, 1978a).
Only carotenoids such as canthaxanthin, phoenicoxanthin and astaxan-
thin occur very rarely in higher plants, although they have so far been
shown to be present, even if only sporadically, in algae and fungi. On
the other hand, in both invertebrates and vertebrates, they are exhibited
relatively frequently, particularly astaxanthin, in both the pure and
ester forms of this carotenoid (Isler, 1971). It must therefore be
concluded that these carotenoids form in the study species by means
of conversions of (5-carotene or precursors of these carotenoids. Cantha-
xanthin and phoenicoxanthin lie in the path of conversions of (3-carotene
into astaxanthin, although, astaxanthin, judging by the list of carotenoids
shown to be present in individuals of the two study species, may form
in a different path of conversions of “-carotene or its derivatives such
as (3-cryptoxanthin, zeaxanthin or adonixanthin. All these carotenoids
lyirg in the above-mentioned paths of p-carotene conversions, have
been shown to be present in individuals of both the study species.

As is well known, canthaxanthin and astaxanthin belong to the group
of ketocarotenoids (Is1er, 1971) which are capable of combining with
proteins and forming carotenoid-protein complexes. Astaxanthin is most
often included in the composition of these complexes, and canthaxanthin
to a lesser degree. The biological function of the these complexes is
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varied. They impart colour to, for instance, the chitinous integument of
numerous representatives of Arthropoda or other species of invertebrate
animals (Cheesman et al, 1967). In addition carotenoid-protein com-
plexes participate in control of protein configuration, endowing numerous
animals with i.a. protective colouring (Lee, 1977), and they are also con-
sidered to play the part of a protective barrier against radiation, in
particular against short rays. The presence in the mammals examined
of carotenoids combining with proteins would suggest that these com-
plexes are also present in other representatives of this class.

When comparison is made of total contents of carotenoids it is found
that in the mammals examined, the liver and lungs contained more
carotenoids than the other parts of the body. Greater carotenoid contents
in the liver in comparison with other parts of the body has already
been observed in numerous species of fish (Czeczuga, 1979a), in
representatives of amphibians (Czeczuga, 1980), in reptiles (Cze-
czuga, 1979c), and in some species of birds (Czeczuga, 1979b). In
addition it is clear from comparison of mean carotenoid contents in in-
dividuals of different sex (Fig. 1) that females contain a far greater
amount of them than males. Thus, while males of A. flavicollis contain-
ed only 0.456 £ 0.042 \ig/g of body weight, females of the same species
contained at the same time 1.366 £0.054 \y.g/g. Similarly, the males of
C. glareolus contained 0.877 £ 0.032 ng/g, and females 1.489 +0.028 \xg
of carotenoids/g of body weight. In this context it is worth recalling that
a greater amount of carotenes is often observed in women in comparison
with mean. Bessey et al. (1946) drew attention to this kind of pheno-
menon when analyzing (3-carotene and vitamin A contents in serum from
humans of different sex, and this has subsequently been confirmed by
other researchers (Pearson, 1967, Modrzejewski, 1977). This
may be a characteristic proper to all vertebrate animals.
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ZAWARTOSC KAROTENOIDOW U SSAKOW.
I. APODEMUS FLAVICOLLIS | CLETHRIONOMYS GLAREOLUS

Streszczenie

Autorzy stosujac kolumnowa i cienkowarstwowg chromatografie badali wyste-
powanie i zawarto$¢ poszczeg6lnych karotenoidéw w skdrze, miesniach, watrobie,
ptucach i jelitach u osobnikéw obu pici A. flavicollis oraz C. glareolus.
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Jesli chodzi o osobniki A. flavicollis to ustalono obecno$¢ takich karotenoidéw jak
a-, (3-carotene, 0O-carotene epoxide, (3-cryptoxanthin, canthaxanthin, lutein, lutein
epoxide, zeaxanthin, isozeaxanahin, adonixanthin ester, astaxanthin, astaxanthin
ester, violaxanthin, mutatochrome oraz cryptoflavin. Ogé6lna zawarto$¢ karotenoi-
déw wahata sie w granicach 0,187—0,874 \ig/y u samcéw oraz 0,510—2,091 p.g/g
ciezaru ciata u samic.

Co za$ sie tyczy badanych osobnikéw C. glareolus to stwierdzono obecno$¢ z ko-
lei takich karotenoidow jak (3-, y-carotene, |3-carotene epoxide, |3-cryptoxanthin,
canthaxathin, lutein, lutein epoxide, phoenicoxanthin, zeaxanthin, isozeaxanthin,
adonixanthin ester, astaxanthin, astaxanthin ester, violaxanthin oraz mutatochro-
me. Ogo6lna ich zawarto$¢ wahata sie w granicach 0,316—1,542 fig/g u samcow
i 0,178—3,585 \x.g/g ciezaru ciata u samic.

Srednia zawarto$¢ karotenoidéw u samic obu gatunkéw byta wieksza anizeli
u samcow.



