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STORAGE OF RETINOIDS AND BETA-CAROTENE
IN THE GENITAL ORGANS OF JAPANESE QUAIL
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The present study was designed to investigate the effect of a one-month
feeding of retinyl acetate (RA) on the retinol (ROL), retinyl palmitate (RP) and [3-
carotene (BC) levels in the blood, testicles and ovarian follicles of adult Japanese
quails. The basal diet (containing vitamin A at 10 x 10° 1U/kg) was supplemented
with 100 x, 500 x and 1000 x 10° 1U/kg RA in Groups I, Il and III in both sexes.
Plasma vitamin A levels rose in all groups. The elevations were caused basically
by the RP fraction. The ROL concentration increased only slightly, indicating
saturation of the blood binding/transport system. Plasma BC was depressed in
both sexes. RA feeding resulted in high RP concentration in the genital organs
(testicles and ovarian follicles), indicating subclinical hypervitaminosis, while the
BC content of genital organs decreased considerably. The retinoid and BC con-
centration of ovarian follicles (F1-F5) was in the same range, indicating continu-
ous retinoid and carotene transport during the fast maturation period. Retinoid
content of the genital organs was higher in layers than in roosters. BC deposition
was decreased both in the testicles and in the follicles, indicating a competition
between RP and BC for the storage capacity of organs.
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Reports have suggested that high doses of vitamin A or 3-carotene (BC) dis-
rupt the oestrous cycle in mammals (Gellert, 1977). The specific role of retinoids
(formerly vitamin A) and/or carotenoids (especially BC) in avian reproduction has
not been clearly defined (Thompson et al., 1969; Bermudez et al., 1993). Egg pro-
duction and hatchability of eggs laid by hens given no dietary vitamin A supplemen-
tation were found to be significantly lower. Egg and chick weight were not consis-
tently altered by vitamin A status (Naber and Squires, 1993).

This study was designed to investigate the effects of a one-month feeding of
retinyl acetate (RA) on the retinol (ROL), retinyl palmitate (RP) and B-carotene (BC)
levels of the blood, testicles and ovarian follicles in adult Japanese quails.
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Materials and methods

Experimental animals

At six weeks of age, mature Japanese quail hens and roosters were divided
into six groups (30 birds in each) and fed a supplemented diet for four weeks.

The basal diet containing vitamin A in a dose of 10,000 IU/kg was supple-
mented with 100 %, 500 x and 1000 x 10°TU/kg RA in Groups I, I and III in both sexes.

At the beginning and in weeks 2 and 4 of the experiment, five birds of
each group were slaughtered by sudden decapitation. Blood was gathered into
heparinized tubes and the plasma was separated by centrifugation. The genital
organs of the animals were quickly removed. All samples were stored deep fro-
zen until analysed. The experiments were carried out with the consent of the
Animal Experiments Board of the University.

Vitamin A preparation

The required dietary level of vitamin A was adjusted by the use of Vita-
min A capsules 50,000 [U (EGIS, Budapest) commonly available in pharmacies.
The active ingredient of this preparation is RA (Hoffman-La Roche, Basle).

Retinoid and f-carotene analysis

Retinoid analysis was carried out using the method described by Biesalski
et al. (1986), modified by us as follows. Retinoids and carotenoids were ex-
tracted from the blood plasma, follicles and testes with n-hexane containing an
antioxidant (50 mg/LL BHT). The extract was injected onto a Si-100-S 10 CN
column (BST Ltd., Budapest). The elution parameters were: mobile phase n-
hexane : methanol (99.5:0.5), flow rate 1.51 ml/min at 50 bar. UV detection was
carried out at 325 nm. Concentrations of [3-carotene were measured in a similar
arrangement but detection was carried out at 450 nm. The peaks were identified
using standard compounds: retinol (ROL) (Sigma, St Louis), retinyl palmitate
(RP) (NBC, Cleveland), and B-carotene (BC) (Merck, Darmstadt). Concentra-
tions were determined from the peak heights obtained by measuring the standard
dilutions.

Results and discussion

Laying quails

Plasma vitamin A levels were increased in all treated groups. With supple-
mentation, blood ROL concentration increased slightly more powerfully in laying
hens than in roosters, indicating saturation of the binding/transport system of the
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blood. Alterations in plasma vitamin A levels were caused basically by an eleva-
tion of the RP fractions. The retinyl ester (RP) concentration of hens was much
higher (twice, 12 times and 13 times in Groups L, II and III, respectively) in the
second week of the experiment as compared to the level measured at the begin-
ning, but that was followed by only a mild increase. The change was pronounced
in laying hens, especially in those of Group III. Plasma BC was depressed in all
treated groups and showed an inverse correlation to RA supplementation during
the experiment (Table 1). Our results are in line with those of Weiser et al. (1992),
who found that after feeding vitamin A to chickens in a dose of 10,000—
30,000 IU/kg of feed the retinoid content of the liver increased in a dose-dependent
manner, whereas the retinol content of plasma increased only slightly. Vitamin A
intake considerably influenced the retinyl ester concentration of the plasma.

Table 1

Retinoid and B-carotene concentrations of the blood in Japanese quail
(RP and ROL mg/L, BC pg/L)

Sampling Day 1 Week 2 Week 4

Group Analyte H R H R H R

RP 2.3+0.9 1.240.5 6.3+1.5 6.120.7*  41.5422.9®  8.5+3.2"
I ROL  2.6+0.7 3.0£0.3 5.1£0.5 3.240.4 3.8£1.4 3.8£0.8
BC  60.742.8  57.5£58  57.3%53  25.6+1.9° 53.943.8 7.8+0.2%
RP 2.3+0.9 1.240.5  27.3+12.8° 24.7£54°  60.1£20.8° 16.9£9.9'
11 ROL  2.6+0.7 3.0£0.3 9.7£1.8°  6.2+£0.9  13.1£3.2°  4.1+£1.2
BC  60.742.8  57.5£58 52347  26.6+53" 43.8422 8.4+1 .6
RP 2.3+0.9 1.240.5  12.8435.4% 20.6+4.5°  84.5£56.2% 60.5£12.5%
I  ROL  2.6+0.7 3.0£0.3  11.7£5.0 56519  12.947.1 6.4+2.3
BC  60.742.8  57.5%+5.8  55.7+£3.1  40.1£5.7  44.5+4.7° 22.7+5.6

H = hens; R = roosters; Degree of significance (z-test); between values obtained on day 1 and in
weeks 2 or 4:a=P <0.001, b=P < 0.01, ¢c = P < 0.05; between values obtained in week 2 and
week 4: d =P <0.001,e=P <0.01, f=P <0.05; between sexes: g=P <0.001, h=P<0.01,i=
P <0.05

After administration of various high levels of vitamin A to chickens the
vitamin A levels of plasma, liver and egg were higher than in the control group,
but plasma carotenoid levels decreased (Hashish et al., 1984; Abawi et al., 1985;
Richter, 1995).

Developing ovarian follicles mature in rapid succession. Immature folli-
cles reach maturity within 5—10 days, depending on the species (Gilbert, 1971).
This hierarchy involves 5—6 large yellow follicles; marked from F1 to F5 or F6.
F1 means matured, i.e. preovulatory, follicle. The growth of follicles is con-
trolled by pituitary hormones (FSH and LH). In our present experiment, the in-
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vestigated retinoid (ROL and RP) and BC concentration of ovarian follicles (F1—
F5) was in the same range, indicating a continuous retinoid and carotene trans-
port during the fast maturation period (Table 2). The deposition of RP was dose
dependent. The efficiency of BC storage decreased. A similar competition be-
tween retinoids and BC was demonstrated in our previous investigations in the
storage capacity of the yolk (Kerti et al., 1997) and in the blood (Pusztai and
Bardos, 1995), respectively.

Table 2

Retinoid and -carotene concentrations of follicles (ng/g)

Sampling Week 4
Day 1
Analyte Follicle Group I Group II Group III
RP 1 74.6x£12.0 132.849.12 652.3£89.5 621.3£106.7
2 138.5+67.8 116.9£32.4 566.3+70.2 720.1£104.6
3 117.9+56.3 109.5£35.7 607.4+112.1 858.9+£97.56
4 143.4£31.5 152.3£78.4 630.2£124.6 850.9£115.2
5 95.8+£17.4 137.5£34.6 510.4£98.9 680.6+137.1
X (1-5) 114.0£28.9 129.8+16.9 593.3+56.2° 746.3+105.1%
ROL 1 12.3+3.4 23.6£7.3 88.6£11.0 84.2+9.6
2 12.3+£5.6 24.1£5.9 79.3+£7.8 80.3+£13.2
3 8.7£5.6 22.6£7.5 81.8+7.3 92.7+£7.9
4 10.0£2.7 21.848.3 78.7£6.5 94.0+6.3
5 5.7£1.7 17.9+6.3 65.7£5.9 91.6+£9.9
% (1-5) 9.8+2.7 22.0+2.4 78.8+8.3" 88.6+5.9%
BC 1 0.6=0.08 0.2+0.01 0.3+0.02 0.2+0.05
2 0.6+0.07 0.3+0.01 0.2+0.05 0.3+£0.07
3 0.5+0.18 0.2+0.04 0.2+0.09 0.4+0.03
4 0.5+0.05 0.2+0.11 0.1£0.09 0.3+£0.12
5 0.5+0.08 0.3+£0.08 0.2+£0.12 0.1£0.11
X (1-5) 0.54+0.05 0.24+0.05¢ 0.20+£0.07¢ 0.26+0.11¢

Degree of significance (s-test) between values obtained on day 1 and in week 4: a=P <0.00l,b=P <
0.01, ¢ =P < 0.05; between groups at the end of the experiment: d =P <0.001,e=P <0.01, f=P <
0.05

Roosters

As a result of treatment, the RP concentration of blood plasma rose drasti-
cally in all treated groups by the end of the second week, compared with values
measured at the beginning of the study. The rate of elevation was fivefold, 20-fold
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and 17-fold in Groups L, Il and III, respectively, and it was significant in all
groups. These values continued to increase, but that rise was significant (p <
0.05) only in Group III. The ROL concentration increased only slightly. Plasma
BC was depressed in an inverse correlation to RA supplementation (r = —0.59);
it was already much lower by the second week and continued to be significantly
different throughout the experiment (Table 1).

The storage of retinoids in the testicles has been found to be directly cor-
related with the dose used. RP and ROL concentrations and content increased
over time in a dose-dependent manner (Groups II and III: p < 0.01). The BC
concentration was inversely related to the dose (Group I: p < 0.05) (Table 3).
The depressed concentration of carotenoids after supplementation with high
doses of vitamin A can be explained by saturation of the storage capacity. The
binding sites can take up more retinoid compound from the high amounts of ad-
ministered vitamin A than from carotenoids. As a consequence, the concentra-
tion of carotenoids will decrease. This mode of action was posited by Sklan et
al. (1989) for the decreased hepatic storage of carotene. High doses of retinyl
palmitate (350 mg/kg) significantly (p < 0.05) increased the vitamin A levels of
plasma and liver. The concentrations of two carotenoids (B-carotene and can-
thaxanthine) decreased in the plasma and liver (Sklan et al., 1989). In addition to
the decline of carotenoid concentrations at high doses of vitamin A, the vitamin
E content of tissues also decreased considerably (Frigg and Broz, 1984; Vahl
and van’t Klooster, 1987).

The increase of dietary retinoid concentration caused subclinical hyper-
vitaminosis in Groups I and II. This was indicated by the marked elevation of RP
in the blood (Table 1). In the third group, hypervitaminosis indicated by
cachexia and death occurred by the fourth week. The effects of excess vitamin A
had already been studied in several experiments. Dietary supplementation with
high doses of vitamin A (30,000 [U/kg feed) in broiler chickens resulted in im-
paired growth and an increased mortality rate, but feed intake and utilisation did
not change. The same change was detected in laying quails fed a diet supple-
mented with vitamin A at a rate of 811,000 IU/kg (Mehringer, 1987).

Comparison between sexes

There were no differences in the blood retinoid (RP and ROL) and BC con-
centrations between hens and roosters at the beginning of experiment (Table 1).
Plasma retinoid, especially RP, concentrations were increased more markedly in
female birds than in males. This difference was significant in Groups I and II in
week 4 (Table 1). Retinoid content of the genital organs was higher in laying
hens (Table 2) than in roosters (Table 3). The storage of retinoids in the gonads
was found to be in a direct ratio to the doses applied. These findings indicate
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that layers are metabolically more sensitive to a vitamin A surplus. This seems to

be similar to the phenomenon when oral contraceptive agents containing female

sex hormones cause a marked elevation in plasma retinoids (Underwood, 1984).
Table 3

Vitamin A (ROL and RP) and B-carotene (BC) concentrations of testicles

Group ng/s Day 1 Week 2 Week 4
I RP 6.0+1.8 4.442.5 8.8+4.1
ROL 0.440.2 0.2+0.1 0.840.5
BC 0.045+0.01 0.029+0.01 0.016+0.005%"
1l RP 6.0+1.8 14.7+6.4° 19.3+5.2°
ROL 0.4+0.2 2.8+1.8° 5.3+1.1°
BC 0.045+0.01 0.033+0.007 0.020+0.005"
111 RP 6.0+1.8 35.3+11.8 178.3+65.1
ROL 0.4+0.2 3.8+1.6° 10.6+3.6"
BC 0.045+0.01 0.036+0.01 0.028+0.009"

Degree of significance (#-test): between values obtained on day 1 and weeks 2 or 4: a=P < 0.001,
b=P <0.01, c =P < 0.05; between values obtained in weeks 2 and 4: d =P <0.001, e=P < 0.01,
f=P<0.05

The results indicate that retinoids and carotenoids (in our investigations
especially ROL, RP and BC) have dissimilar storage characteristics in the geni-
tal organs of Japanese quail. This phenomenon may be attributed to the different
endocrine status of layers and roosters. These metabolic characteristics prepare
layers for the deposition of retinoids into follicles. Our results were obtained af-
ter an elevated dietary vitamin A supplementation. Fortification of the egg yolk
with retinoids in order to produce eggs of better quality (Bardos et al., 1996)
and/or hatchability (Kerti et al., 1997) requires caution because an overdose in-
volves the risk of hypervitaminosis in layers.
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