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Summary

The trial was carried out on 44 hybrid male rabbits in
order to study the plasma levels of testosterone (T),
dihydrotestosterone (DHT), cortisol (C), triiodothyro-
nine (T3) and thyroxine (T,) in relation to age (71 vs 85
days) and environmental temperature (20 vs 27°C).
Age did not affect T, DHT, T+DHT. Only T/DHT result-
ed lower (P<0.01) for older rabbits. The 71 and 85
day-old rabbits showed similar levels of C, T3, T, and
T4/ T3 The different thermal levels did not influence T,
DHT, T+DHT, T/DHT and C. The rabbits reared at
27°C showed similar values of T3 and T, but a higher
(P<0.05) T4IT5 ratio in comparison with those kept at
20°C. Digestible energy intake/metabolic weight
appeared to influence (P<0.01) T3 positively and
T4/ T4 negatively.

Résumé )
L'essai a été réalisé sur 44 lapins mdles hybrides afin
d'étudier les niveaux plasmatiques de testostérone
(T), dihydrotestostérone (DHT), cortisol (C), triiodio-
thyronine (T), et thyroxine (T,) en fonction de I'dge
(71 vs 85 jours) et des conditions thermiques d’éleva-
ge (20 vs 27°C). L'age n’a pas influencé les niveaux
de T, DHT et de T+DHT. Seul le rapport T/DHT s’est
revélé inférieur (P<0.01) au 2° prélévement. Les
lapins 4gés de 71 et 85 jours ont présenté des valeurs
identiques de C, T3 T4 et T4T, Les différentes
valeurs thermiques n'ont pas influencé les taux de T,
DHT, T+DHT, T/DHT et C. Les lapins élevés a 27°C
ont présenté des valeurs semblables de Ty et T4, mais
un rapport T4/T3 plus élevé (P<0.05). Lingestion
d’énergie digestible par unité de poids vif métabolique
a influencé positivement (P<0.01) les niveaux de T et
négativement (P<0.01) le rapport T4/T3.

1. Introduction

The plasma endocrine status of rabbits has been stud-
ied in some trials in relation to physiological and
exogenous factors. With regard to androgens, Berger et
al. (1, 2. 3) studied the developmental pattern of plas-
ma testosterone and dihydrotestosterone in growing
rabbits. Correlations between testosterone and sexual
and behavioural development were also found (3).

Ambient stress factors such as temperature (16, 21,
22) and noise (22) resulted to affect corticosteroid
plasma levels. High environmental temperature (21)
influenced the thyroid hormones as well as high doses
of perchloric acid ammonia (8).

Our previous research considered the influence of age
and nutritive level on androgens (5). Endocrine status
was also studied in relation to different thermal condi-
tions (4). Given the scarcity of experimental work on
the effect of environmental temperature and age on
the endocrine response in male rabbits. the aim of the
present research is to provide an insight on the effect
of these factors on androgen, corticosteroid and thy-
roid hormone plasma profiles.

2. Material and methods

Fourty-four Provisal male rabbits were used, charac-
terized by a mean initial live weight of 989 g.

The animals were 35day-old commercial four-way
crossbred type rabbits, raised under the same rearing
conditions and nutritional plan during the pre and post
weaning period. Commercial pelletted feed (crude
protein=17.18% d.m.; crude fiber=5.48% d.m.,
digestible energy=10.57 MJ/kg as feed basis) was
administered ad libitum, like for the water. The animals
were randomly housed in two different rooms with
rearing temperature levels of 20+1.94 and 27+1.23°C.
Average relative humidity values were 75+7.21% for
both temperatures. The animals were reared individu-
ally up to 85 days of age in a Californian battery cage
system, without hindering ciecotrophy. The trial was
carried out in autumn, so a heating system was used
in the room at 27°C to reach this high temperature
level. In the first room the ventilation was natural; the
second was conditioned by an automatic control sys-
tem for temperature and humidity. The photoperiod.
provided by halogen lamps, consisted in 16 hours
of light and 8 hours of darkness. with a light intensity
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Table . Productive performance

Age Temperature Error mean

71d 20°C 27°C square”®
Animals n 20 24 20
Initials BW g 974 1005 995 983 3420
Final BW g 2161A 2643B 24888 2316A 36140
Metabolic BW kg 1.40A 1578 1518 1.45A 0.0053
Weight gain gid 33.0 35,28 31.3°A 13.61
Feed intake g/d 107A 1228 1228 107A 113
Feed efficiency a/g 3.24A 3.68B 3.50 3.42 0.0605
Within a treatment, values assigned different superscript letter were significantly different (P<0.01}).
*- 40 degrees of freedom.

Table 0. Plasma levels of some hormones
Age Temperature Error mean

71d 20°C 27°C square®
Animals n 20 24 20
T ng/ml 1.38 1.18 1.60 1.06 0.9922
DHT ng/ml 0.60 0.79 0.80 0.59 0.2621
T/DHT 2.308 1.49A 2.00 1.80 0.6146
T+DHT ng/ml 1.98 1.97 2.40 1.65 2.1273
C ug/di 1.85 1.65 1.78 1.72 0.2386
T3 ng/ml 1.12 1.08 1.16 1.04 0.0701
T4 ng/mi 37.8 36.6 38.7 36.62
T4/T3 33.9 31.64 37.4D 59.79

Within a treatment, values assigned different superscript letter were significantly different (A, B: P<0.01} (a, b: P<0.05).

*: 40 degrees of freedom.

of about 40 lux. Ammonia concentrations were similar
between the two treatments, on average 8.5 ppm.
Temperature and relative humidity values were
constantly recorded by means of thermohygrographs
(TIG - ITH -L.S.1).

At 71 (1st sampling) and 85 (2nd sampling) days of
age, each rabbit was subjected to blood samplings at
the same time in the morning after a fasting period of
two hours. The blood was sampled from the auricular
vein, collected in test tubes with 150 USP lithium
heparin. centrifuged for 15 minutes at 3000 rpm and
the plasma stored at -20°C until analysis. Testo-
sterone (T) and dihydrotestosterone (DHT) plasma
levels were quantified by radioimmunoassay (RIA) as
described by Berger et al. (1). The specificity of the
antiserum used [in the T-DHT RIA] was tested against
related steroids and expressed as percentage of
cross-reactivity. Only 5a-dihydrotestosterone had a
significant cross-reactivity of about 50%, while for all
the other androgens the cross-reaction was lower
than 7% - 5a-Androstane-3a, 17Ba diol (4%), 5a-
Androstane-33, 17Ba diol (6.5%), 5p-dihydrotestos-
terone (1%), Epitestosterone (0.5%)-, and for both
oestrogens and progestins lower than 0.05%. Cortisol
(C), triiodothyronine (T3) and thyroxine (T,) plasma
concentrations were determined using specific and
standardized RIA procedures based on Kkits
(Cambridge Medical Technology, USA) which have
been validated for use in rabbits. The intra- and inter-
assay coefficients of variation for each assay were

6.1-12.0%. All measurements were made in duplicate
and only the values included in the limits of each
method were retained.

Data were submitted to a two-way ANOVA with inter-
action, using the Harvey (10) package.

The correlations and regression equations between
plasma hormone concentrations and some productive
performance, daily gain (DG) and digestible energy
intake (DEI) per unit of metabolic body weight (MBW)
were calculated.

3. Results

As no significant interaction effects between age and
temperature were observed, in the following tables
only the main effects are reported.

Growth performances

Table 1 summarizes the productive performance
exhibited by the tested rabbits. In relation to age, the
85 day-old rabbits exhibited significantly higher
(P<0.01) final body (2643 vs 2161 g) and metabolic
weights (1.57 vs 1.40 kg). Although the oldest rabbits
presented higher feed intake (122 vs 107 g/d, P<0.01)
the growth rate was similar between the groups (33.4
vs 33.0 g/d) resulting in a feed efficiency of 3.68 g/g in
favour (P<0.01) of the younger animals (3.24 g/g).

As concerns rearing temperature effects, high thermal
levels induced the animals to eat less (107 vs 122 g/d,
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P<0.01), thus presenting a significantly (P<0.01) lower
daily body weight gain (31.3 vs 35.2 g). As a conse-
guence final live weight (2316 vs 2488 g) and meta-
bolic weight (1.45 vs 1.51 kg) were significantly lower
(P<0.01) in comparison with the rabbits kept at 20°C.
Feed efficiency did not differ between the 20 and 27°C
groups, averaging 3.46 g/g.

Hormonal profiles

The plasma levels of some hormones are shown in
table 11. Concerning androgen levels no difference was
found between animals of different age (85 vs 71 d): T
(1. 18 vs 1. 3 8 ng/ml), DHT (0. 79 vs 0.60 ng/ml) and
T+DHT (1.97 vs 1.98 ng/ml), but the T/DHT ratio
appeared to be significantly lower (P<0.01) for the older
rabbits (1.49 vs 2.30). All plasma androgen levels were
similar between the two temperature groups, averaging
1.33, 0.70, 2.02 ng/ml for T, DHT and T+DHT, respec-
tively. The T/DHT ratio did not differ (mean value: 1.90).

At increasing age plasma C concentrations showed a
tendential decrease: 1.85 and 1.65 pg/dl in 71 and 85
day-old rabbits respectively. The rearing temperature did
not affect plasma C concentrations (average:
1.75 pg/dl).

Going on to consider the thyroid hormones, age did
not appear to influence the T5 (1.12 vs 1.08 ng/ml) and
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Figure 1. Relationships between T3, T4/T; ratio and DEI/MBW
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T4 (37.8 vs 38.0 ng/ml) concentrations nor the T4/T4
ratio (33.9 vs 35. 1) significantly. T3 (1.04 vs
1.16 ng/ml) and T, (38.7 vs 36.6 ng/ml) plasma levels
did not appear to be significantly influenced by heat
stress conditions. Only the T,/T; ratio (37.4 vs 31.6.
P<0.05) significantly increased.

Table 1l presents only the significant correlations and
the relative linear regression equations between the
endocrine profile (T3 . T4) and the productive perform-
ance, they are graphically represented in figure 1. The
DEI/MBW is correlated positively with the plasma T4
level (r = 0.563, P<0.01) and negatively with the T,/T5
ratio (r = -0.589, P<0.01).

Table Ill. Linear regression equations (1)
relating plasma T3 (yl)t T4/T3 (y2) and DE/MBW (x I}

Linear regression equation Residual Standard Error r
yl =-0.676 +0.002 xI 0.2225 0.563**
v2 =91.462 - 0.078 x! 6.5425 -0.589™*

(1) Number of observations: 44
** = P<0.01

4. Discussion

The absence of interaction between age and rearing
temperature indicates a similarity of growth and phys-
iological reactions to heat stress conditions in animals
of both ages considered.

As concerns the productive performance in relation to
age, the older rabbits exhibited higher final live weight
and daily intake with a significant worsening of feed
efficiency. The negative effect of increasing age on
feed efficiency was already observed in previous
experiments (6, 17). A marked effect of the environ-
mental temperature was compared to the younger
rabbits, observed on almost all field performances:
heat stress induced a significant decrease of final
body weight and growth rate because of a lower feed
intake, thus decreasing the extra heat to be dissipated
to the environment and limiting the energy loss due to
thermolysis.

As concerns hormonal profiles, age did not have a sig-
nificant effect on steroids levels, due to the limited
interval of time considered during this stage of life. In
fact. Berger et al. (2, 3) and Chiericato (5) found a sig-
nificant increase in plasma T and DHT levels in grow-
ing rabbits. considering however a larger time interval.
The period of time considered in this experiment
enabled us to observe only a significant variation of
T/DHT ratio, caused by a decrease of T with respect
to an increase of DHT in rabbits aged between 71 and
85 days. As the nutritive level influences the steroid
plasma concentrations (4, 5), these results have to be
considered in relation to the feeding plan. The more
intensive feeding adopted in this experiment led the
rabbits to higher precocity levels. reaching sexual
maturity earlier, with higher androgen plasma levels.
These findings. together with those reported in a pre-
vious experimental work (5) point out the importance
of feeding program effects and their possible interac-
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tions with age on the androgen plasma concentrations
in rabbits. Going on to consider the effects of temper-
ature, the androgens exhibited plasma values tenden-
tially lower in the heat stressed animals. Similar
results were obtained in a previous study where a
wider temperature range than the present (12°C to
30°C) was adopted (4). These results, in view of the
indications of a previous research work (4), suggest
studying the relationships between nutritive levels.
ambient thermal conditions and plasma androgen
concentrations, considering a wider range of tempera-
tures. A comparison of these data with those obtained
by other authors is difficult, particularly for testos-
terone because of the different concentrations in rela-
tion to age and the well-known pulsatile pattern (15,
19) of this hormone. However, the present values are
within the range reported by other experimental con-
tributions carried out on rabbits (1, 4, 5, 15, 19).

The blood sampling carried out on 85 day-old rabbits,
compared to that observed at 71 days of age, did not
show a significant difference in plasma C levels. but
only a tendential decrease. Given the scarcity of avail-
able literature on this topic, the decrease of cortisol
levels in growing rabbits is hardly documented. Our
findings are in agreement with results obtained by other
researchers (16) who observed a cortisol decrease in
plasma with increasing age (50 d to 80 d). In other
monogastric species, such as swine (11, 14) cortisol is
affected by the age of the animals. Hot environment
conditions were not able to influence the plasma C lev-
els notably. It is possible to point out that the rabbits
reached a homeostatic state probably overcoming the
initial alarm reaction stage induced by the high tem-
perature. This conclusion is confirmed by data relating
to some corticosteroid hormones obtained by Spanish
authors (22) and in our previous trial (4), where a
markedly wider temperature range was tested. Our data
are not in accordance with the findings of Trammel et
al. (21) who found a decrease in cortisol levels in heat
stressed rabbits adopting temperature levels different
from ours (16.8 vs 32.2°C) in a more limited period of
time (23 d). Considering other monogastric species
such as swing, the cortisol plasma levels (18) present
an increase in presence of low rearing temperatures
due to calorigen action. The cortisol levels of this trial

are similar to those found at the University of Arkansas
(2 1) and in ltaly (4).

Going on to consider the thyroid hormones, they
appeared to be similar between the two age categories
of rabbits studied. There is a substantial absence of
experimental contributions on the effects of age on
these hormones in rabbits. In chickens, T3 concentra-
tions decreased throughout the productive cycle, while
T, increased with increasing age (12, 13). In relation to
temperature effects, only the T,/T5 ratio is affected sig-
nificantly by the treatment, increasing in the rabbits kept
at 27°C. This variation is due to an increase in T4 and
to a decrease in T3 in hot conditions. The results report-
ed by literature are not homogeneous (16, 21) due to
the different environmental temperature conditions test-
ed. This fact points out the need for further studies to be
conducted in similar environmental conditions. thus
enabling comparison. It may be worth mentioning that
hormonal response to environmental temperature can
be opposite, depending on the length of thermal expo-
sure (7). The temperature effect on thyroid functions
has been studied in other farm species, such as poul-
try. In chickens, T4 decrement and T, increment were
observed with increasing temperature (20). Hormonal
levels exhibited by the rabbits in this trial are similar to
those found by other researchers (8, 16, 21).

The productive performance was significantly correlat-
ed with the endocrine response of the animals. In par-
ticular, T; was positively affected by DEI/MBW. while
T4/T4 ratio appeared to be influenced negatively by
DEI/MBW. It is known that the increase of caloric intake
in individuals results in an increased diet-induced ther-
mogenesis; the increased levels of T, apparently derive
from increased peripheral conversion of T4 to Tg and a
decreased conversion of T to rT5 (9). Similar relation-
ships were found in our previous work (4) where a wider
range of temperature was adopted, pointing out that the
thyroid endocrine response takes place in a rather wide
range of thermal values.
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PRESS RELEASE

SECOND INTERNATIONAL WORKSHOP ON THE IMPROVEMENT
OF AFRICAN PEAR AND OTHER NEW SOURCES OF VEGETABLES OILS

The second international workshop on the improvement of African Pear and other new sources of vegetable
oils took place at Ngaoundéré from 3rd to 5th December 1997 in the premises of the Advanced School of
Agro-process Industries (ENSAI) of Ngaoundéré University (Cameroon). This workshop was sponsored by
the African Training for Leadership and Advanced Skill (ATLAS). African-American Institute (AAl), New York,
USA, International Service of Appropriate Technology, GTZ, Germany, The (CTA), ACP-Lomé Convention
and the International Commission of Agricultural Engineering (CIGR), Belgium.

The agenda included opening ceremony, samples show, presentations, panel discussions, meeting of the
scientitic organisation (ASANET, ACAGER), visit of the factory and African pear accessions, and closing
ceremony.

The number of participants at this workshop was 74 with 64 scholars/professionnals., and 10 academic
staff. The number of women was 11. Among participants, 14 came from abroad with 11 from Africa : lvory-
coast (3), Gabon (1), Mali (1), Niger (1), Nigeria (4), South Africa (1) and 3 from Europe : France (2) and
Germany (1), and 60 from Cameroon with 35 from Ngaoundéré.

Among 64 scholars/professionnals, the distribution was as follows:
— 89.5% of scholars

— 4.5% of non governmental organisation delegates

— 3.0% of industrials

— 3.0% sponsor representatives

For any information concerning the workshop proceedings
Please contact : Dr. C. KAPSEU, Coordinator
2nd Workshop on african pear and other vegetable oils
ENSAMUT, University of Ngaoundéré
P. 0. Box 455 Ngaoundéré, CAMEROON
Tel./Fax: (237) 25 27 51
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