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Sterols in various organs of adult female swine

par Jocelyne AIGUEPERSE, J. REMY, F. CHEVALLIER *

Laboratoire de Radiobiologie appliquée, Commissariat @ I’Energie Atomique,
Département de Protection, 78350 Jouy-en-Josas, France

* Laborafoire de Physiologie de la Nutrition
Université Paris X, Bat. 447, 91405 Orsay Cedex, France.

Summary. Adult female swine were maintained at a constant weight of 70 kg by controli-
ed feeding of a semi-purified diet. The concentrations of free and esterified sterols were
determined in 17 tissues and organs. These concentrations were constant regardless of the
diet period (3-32 weeks), except in the plasma, where a significant decrease was observed.
The results are discussed and compared with those previously obfained with swine or rats.

Gas chromatographic analyses showed that cholesterol was the major sterol, both in
the free and esterified fractions. The percentage of cholesterol in total sterols reached
98 p. 100 or more in each organ or tissue except hair and bone marrow (free fraction only).
In hair, desmostenol accounted for 35.5 p. 100 of the free sterols and 18.2 p. 100 of the este-
rified sterols. A’-cholesterol and methostenol, other cholesterol precursors, were detected
in minute amounts in several organs. A’-cholestenol was present in bone marrow at a
concentration of 3 p. 100. Compared with rats, swine organs are poor in precursor sterols.

Concentrations of free and/or esterified cholesterol have been previously deter-
mined in some organs of swine, including plasma (Reiser et al., 1959 ; Fausch et al.,
1968 ; Scott and Morrison, 1968 ; Stokke, 1974), liver (Reiser ef al., 1959 ; Fausch et al.,
1968 ; Stokke, 1974), aorta (Reiser et al., 1959 ; Scott and Morrison, 1968), coronary
artery (Reiser et al., 1959), adipose tissue (Fausch et al., 1968), adrenals (Cmelik and
Ley, 1975) and epidermis (Gray and Yardley, 1976). In addition, Kim et al. (1974)
studied 26 organs of 20-week old swine, but only total cholesterol was measured. None
of these studies included the sterolic « precursors » of cholesterol biosynthesis (fig. 1).
As a prerequisite to metabolic research, it was felt that these data should be completed.
In the present study concentrations of free and esterified sterols, on the one hand, and
those of cholesterol and other sterols, on the other, were determined in 17 organs and
tissues of adult female swine. For many experimental purposes the classic fattening of
swine, observed when they are fed a common diet ad libitum, is not desirable. To avoid
this fattening, adult swine have been maintained at constant weight by controlling the
daily food intake. This study concerns adult female swine in a physiological equilibrium
defined by their own strain and by the composition of the semi-purified diet fed to them.
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FIG. 1. — Sterolic precursors of cholesterol biosynthesis.

Methods.

After weaning, female swine of the Large White strain were fed a ground stock
diet : 74 p. 100 barley, 4 p. 100 peanut oil cake, 4 p. 100 soybean oil cake, 3 p. 100
alfalfa meal, 4 p. 100 fish meal, 4 p. 100 yeast, 4 p. 100 vitamin mixture, 3 p. 100 mineral
supplement. The vitamin composition and mineral supplement were those recom-
mended in Nutrient Requirements of Swine (1968). The lipid concentration in this diet
was 3.3 p. 100, sterols 0.07 p. 100 ; cholesterol represented only 0.1 of this percentage,
B-sitosterol 0.6, campesterol 0.2 and other undetermined phytosterols 0.1. This ground
stock diet was adapted for moderate growth, and used for many experimental pur-
poses. Its energy value was 3.91 Kcal/g. Moreover, the diet was not furnished ad libitum
to the swine, but was limited for a normal growth. Under these conditions, an 8-month
old swine weighed approximately 70 kg instead of 110-120 kg, as it would if fed, after
weaning, a common diet ad libitum for fattening (Robinson, 1976). Water was always
furnished ad libitum.

The criterion for beginning the experiment was animal weight (70 - 2 kg). At
that fime, twenty swine were fed a semi-purified diet : 34 p. 100 skim milk, 48 p. 100
starch, 4 p. 100 cellulose, 6 p. 100 lard, 2 p. 100 vitamin mixture and é p. 100 mineral
salts. Vitamin composition and mineral salts were similar to the previously mentioned
diet. Cholesterol conceniration was 0.01 p. 100 and that of phytosterols was negligible
(< 0.001 p. 100). Energy value was 3.51 keal/g.
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The animals were fed twice daily at 8 a. m. and 4.30 p. m. The daily quantity
(between 0.8 and 1 kg/day) was slightly modified during the experiment in order to
maintain a constant body weight. Two pigs were killed after 3, 11 and 32 weeks, and
the 14 others after 10 weeks ; their mean weight was 70.3 4 0.3 kg at the beginning
and 70.8 4- 0.8 kg at slaughter. The animals were anesthetized (fluothane-nitrous
oxide plus heparinized penthotal) and killed by iniracardiac puncture. The cardio-
vascular system was washed with isotonic saline and the following organs were
removed :liver, intestine, lung, heart, kidney, adrenals, aorta, perirenal adipose tissue,
bone marrow, brain, spinal cord, ovaries, skin and muscle. Bone marrow was remo-
ved directly from several vertebrae. The skin was cut off the neck and the hair shaved
off. The muscles were stripped from the rump and the fillet, and freed of connective
tissue ; intestinal contents were discarded by washing. After homogenization, each
organ was stored in alcohol and the heparinized blood was centrifuged (2 200 g at
4°C for 20 min.) ; plasma and red cells were recovered.

Lipid was extracted in Kumagawa by alcohol 99. Free and esterified sterols were
separated on silicic acid column (Chevallier and Mathé, 1964). After saponification, the
sterols were precipited by digitonin and quantified by Lieberman-Burchard reaction.
Sterol analysis was done by gas-liquid chromatography usingaVarian Aerograph 1 400
Model instrument equipped with a ionisation hydrogen flame detector. A2 mm x 1.5m
glass column, packed with 2 p. 100 QF, (fluoroalkyl silicone) on 100-120 mesh Vara-
port 30 (Varian Aerograph), was used isothermally at 200°. Nitrogen was the carrier at
a flow of 30 mi/min. Injector and detector temperatures were 250 and 2600, respectively.
The internal standard Sa-cholestane was selected because of its short retention time
and complete resolution was obtained from the cholesterol peak. Sterols were identified
by comparing their retention times with those of known standards previously perform-
ed by D'Hollander and Chevallier (1969). Figure 2 represents the order of GLC oufflow.

{ j Cholesterol

Cholestane

Desmosterol
A7-Cholestenol

Methostenol i
Undetermined sterols

1

FIG. 2. — Gas liquid chromatogram of swine sterol organs (free and esterified form) after breaking sterol-
digifonin complex. Column conditions : Glass column was 2 p. 100 OF, (fluoroalkyl nitrogen as
carrier gas at 30 ml/min.
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The identified sterols were cholesteroi (cholest-5-en-38-ol), desmosterol (5a-cholesta-5,
24-dien-3p-ol), A?-cholestenol (Sa-cholest-7-en-33-ol) and methostenol (4a-methyl-
S5a-cholest-7-en-33-ol). Traces of other sterols were detected. Because of their unknown
nature, they were grouped as « undetermined sterols ». Sterols other than cholesterol
were present in minute amounts. Since there was significant error in the determination
of trace amounts, -+ is used to denote less than 1 p. 100, while 1to 2 p. 100 is designated
by -++.

Results.

Relative sterol proportions were only determined in the two swine killed after
3 weeks. Cholesterol represented 64.5 p. 100 of the free sterols in hair, 94 p. 100 in bone
marrow and 98 p. 100 or more in all other organs (table 1). It was the only free sterol
detected in the ten organs ; liver, lung, heart, kidney, adipose tissue, spinal cord, brain,
muscle, plasma and erythrocytes. As to other free sterols, hair contained 35.5 p. 100 of
desmosterol and bone marrow 3 p. 100 of A’-cholestenol. Elsewhere, cholesterol was
the only esterified sterol detected in ten organs : fung, heart, kidney, adrenals, adipose
tissue, spinal cord, brain, ovaries, muscle and plasma. Once again, desmostero| concen-
tration was high in hair (18.2 p. 100).

Large variations of free and esterified cholesterol concentrations were observed in
certain organs (bone marrow, ovaries, adrenals, adipose tissue, hair, skin). These

TABLE 1

Mean percentages of cholesterol, desmosterol, A7-cholestenol, methostenol and undetermined sterols
in the free (F) and esterified (E) fractions of certain organs of two adult female swine

(+ :less than1 p. 100 ; 4+ : 1-2 p. 100)

Undetermined

Cholesterol Desmosterol A7-cholestenol Methostenol
Sterol sterols
F E F E F E F E F E

Lifer ............ 100 98 -+ +
Intestine ......... 98 98 + 4 + -+
Lung ............ 100 100
Heart ........... 100 100
Kidney .......... 100 100
Adrenals ........ 99 100 4
Aorfa............ 98 99 -+ + +
Adipose tissue .... 100 100
Bone marrow .... 94 99 3 3 -+
Spinal cord ...... 100 100
Brain ........... 100 100
Ovaries.......... 98 100 + + ++
Skin .......o... 98 98 - + +-
Hair ............ 64 82 36 18
Muscle........... 100 100
Plasma .......... 100 100
Erythrocytes ..... 100 0
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variations cannot, however, be correlated with the time of maintenance (3, 10, 11
and 32 weeks) on the semi-purified diet. Consequently, only the means of data and
standard error (SEM) are reported (table 2). One exception concerned the plasma
(table 3), where the concentrations of free and esterified cholesterol decreased slowly
with time. The difference was significant (Student’s t test) between 3 and 32 weeks
(0.01 P << P < 0.02).

The highest percentage of esterification was found in the plasma (approximately
76 p. 100) ; this value was not age-dependent (table 3). In the ovaries, adrenals and

TABLE 2

Mean concentration (mg/g) of free (F) and esterified (E) sferols (- SEM) in 16 organs
and tissues of 20 adult female swine

Free Esterified ETF 100
mg/g mg/g p. 100
Liver ..ovvriei i 214 + 0.34 0.22 4- 0.04 95 +1.5
Intestine* ..................... 1.83 + 0.14 0.07 + 0.01 3.5 +06
LUNG toe e 3.27 4 0.34 0.04 + 0.01 1.3 4+ 0.5
Heart .........ccooivinna... 0.98 + 0.11 0.03 + 0.01 28 +1.0
Kidney ......... ... . . 312 4 0.37 0.04 4+ 0.01 1.2 +03
Adrenals ...................... 4,67 + 3.46 0.64 4+ 0.34 159 + 98
Aorfa ... . 1.08 4+ 0.14 0.03 + 0.01 25 4+1.0
Adiposetissue ................. 1.02 + 0.46 0.05 4+ 0.03 514 £+ 29
Bonemarrow ................. 0.97 + 0.35 0.04 -~ 0.01 43 4+ 141
Spinalcord .................... 550 + 5.4 0.03 4 0.01 ** 0.06 + 0.01
Brain .....coovveiiiiiiiin... 242 4 3.2 0.02 + 0.01 ** 0.07 4- 0.01
Ovaries .........ciivvennann.. 1.94 4 0.63 0.56 + 0.39 219 + 9.0
Skin ... 0.76 + 0.20 0.05 + 0.02 6.5 +23
Hair ..., 1.71 4 0.44 0.15 + 0.1 6.8 + 3.6
Muscle rump ***, ... .......... 0.48 0.006 1.2
fillet ¥** ... .. ......... 0.57 0.008 1.2
Erythrocytes ................... 1.36 + 0.01 0 0
* 12 swine.
** 6 swine.
**% 2 swine.
TABLE 3

Mean concentration (mg/ml) of free (F) and esterified (E) sterols (4= SEM) in the plasma of adult
female swine killed after various times of maintenance on a semi-purified diet

Time

Age maintenance Number of Free Esterified _5 400
(weelq ook swine (mg/g) (mg/g) ETF

35 3 2 0.184 4- 0.003 0.631 4 0.042 77.4

42 10 14 0.154 + 0.005 0.491 4 0.016 76.1

43 11 2 0.156 + 0.019 0.519 + 0.068 76.9

64 32 2 0.136 + 0.005¢ 0.412 4+ 0.017 @ 75.2

2 0.01 < P < 0.02 versus results of 3 weeks maintenance time.
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liver, the percentages ranged from 9.5 o 22 p. 100 (table 2), and in another group of
organs (adipose tissue, bone marrow, skin and hair) from 4.3 to 6.8 p. 100. In ali other
organs, this value was even lower. Esterified cholesterol was not detected in ery-
throcyies.

TABLE 4

Mean weights (g) of cerfain organs of six female swine and mean contents (mg) of corresponding
extracted sterols

Organ weight Sterol content

(9 (mg)
Liver ........ ..ot 1 546 3429
Intestine ............... 1166 2 320
Lung ....oooiviiiit 935 2975
Heart ................. 324 351
Kidney .......oooiinlt 127 418
Adrenals............... 3.5 24
Aorta ........ ... 25.2 29
Spinalcord ............ 42.5 2204
Brain.................. 104.5 2263
Ovaries ............... 11.5 34

Discussion.

The mean concentration of free and esterified sterols in the organs of adulte
female swine is fairly constantly independent of the duration the semi-purified diet was
fed, except for the plasma where the concentration significantly decreased between
experimental weeks 3 and 32 ; at that time, the swine were 35 and 64 weeks old
(table 3). The total cholesterol concentration of two females maintained on the ground
stock diet also decreased with age. This value was 0.787 mg/ml at 24 weeks and
0.667 mg/ml at 36 weeks ; the difference, however, is not statistically significant. Never-
theless, these observations suggest that the decrease observed in the experimental
swine was due to the ageing of the animals. This decrease is not reported by McClellan
et al. (1972) with miniature swine (Pitman-Moore stain). The discrepancy in the findings
may be explained either by the nature of the two strains used, or by the particular diet
diet fed to them. Let us add that in swine sex does not affect serum cholesterol levels
(Rothschild and Chapman, 1976) as it doesin humans (Schilling et al., 1964) and mature
mice (Weibust, 1973).

Kim et al. (1974) measured the total cholesterol concentration in male swine of the
Large White strain after seven weeks of feeding a hypercholesterolemic diet. The
cholesterol concentrations they measured were generally higher than those detected in
the present study in the blood, liver, lungs, kidneys, intestine and skin. Simultaneous
administration of cholestyramine or clofibrate, however, lowered the concentrations
in those organs, and they were then close to the data presented in table 2. On the
contrary, significant differences are observed in sterol distribution in various organs
(table 4). For example, the sterol contentinthelungsis twice ashigh in the current
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experiment as in that of Kim et al. Such comparisons only express the variations in

relative organ weight between 2 groups of swine of different ages and submitied to
different feeding conditions.

On the other hand, comparison of the present data with those obtained on rats
(D’Hollander and Chevallier, 1969), shows strikingly similar sterol concentrations in
all organs and tissues, except for the adrenals and bone marrow in which concen-
trations are 2 to 3 times greater in rats than in swine. Swine organs are poor in pre-
cursor sterols as compared to rat organs, particularly for esterified sterols. Moreover,
the percentage of esterification in the majority of rat organs is 3 to 10 times greater for
precursor sterols than for cholesterol. This is not observed in swine.

Recu en avril 1978.
Accepté en juin 1978.
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Résumé. Des truies adultes ont été maintenues & poids constant (70 kg) par une restric-
tion contrélée de I'alimentation semi-synthétique qui leur est fournie. Les concentrations du
cholestérol libre et estérifié déterminées dans 17 tissus ou organes sont indépendantes de la
durée de I’expérience (3 & 32 semaines) & une exception prés. Dans le plasma, on a noté
une diminution significative de la cholestérolémie. Ces résultats sont discutés et comparés a
ceux obtenus précédemment avec des animaux de méme espéce ou avec des rats.

Les analyses par chromatographie en phase gazeuse ont montré que le cholestérol est
le principal stérol des fractions libre et estérifiée des stérols. Le pourcentage correspondant
aiteint 98 p. 100 ou plus dans chaque organe ou tissu sauf dans les poils et la moelle osseuse
(fraction libre seulement). Dans les poils, le desmostérol représente 35,5 p. 100 des stérols
libres et 18,2 p. 100 des stérols estérifiés. Le A7-cholesténol et le méthosténol, autres pré-
curseurs du cholestérol, ont été détectés en traces dans plusieurs organes. Le premier
d’entre eux atteint 3 p. 100 des stérols libres de la moelle osseuse. Comparativement aux
rats, les organes de la truie sont pauvres en stérols précurseurs du cholestérol.
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