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Twelve Creole bulls 13.3 months of age were divided into three groups
live weight. The first group received a low nutritional level and was housed in
a shaded stable ; the second group received a high nutritional level and was housed in the
same stable as the first group ; the third group received the same ration as the second
group but was exposed to solar radiation. Live weight and testicular diameter were
recorded fortnightly.
After 65 days, the blood of the bulls was sampled every 20 min for 12 h. Plasma LH
and testosterone were quantified by radioimmunoassay.
There was no significant influence of solar radiation on the testicular growth or the
hormonal levels. Underfeeding decreased testicular growth and the average plasma LH and
testosterone levels. However, this action was effective only in decreasing the number of
hormonal pulses per day (0.63 vs 2.55 LH pulses per day and 0.75 vs 2.50 testosterone
pulses per day) ; it did not change the basal hormone levels.
It is suggested that this decrease in LH pulsatility might be responsible for the slow
testicular growth in the underfed bulls.

Summary.
according to

Introduction.
A

low-quality diet delays puberty in males (Rattray, 1977). First ejaculation

at the age of 52 weeks in Holstein bulls fed at 60 p. 100 of the
recommanded TDN for maintenance and at 45 weeks in bulls fed a 100 p. 100
level (Van Demark and Mauger, 1964). Hormonal concentrations may by involved.
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Riera, 1966 ; Ortavant and Loir, 1978). This detrimental effect is related to the
increase of testicular temperature (Ortavant and Loir, 1978). The influence of high
temperature

on

hormonal concentrations and its relation to testicular growth have

been

investigated.
low-quality diet and high temperatures are the main factors involved in the
poor yield of cattle in tropical countries. The aim of this work was to study the
influences of underfeeding and solar exposure during the pubertal period on
testicular growth and the hourly variations of plasma LH and testosterone levels
of Creole bulls in a tropical environment.
never

A

Material and methods.

Twelve immature Creole Bulls 13.3 months of age were started on trial in
at the Gardel experimental farm of the INRA (Guadeloupe,
French West Indies). The bulls were assigned to three treatment groups

February (dry season)

according to live weight. Group 1 received a low nutritional level and groups 2
and 3 received high levels. The rations are described on table 1. Groups 1 and 2
were housed in a shaded stable and group 3 was exposed to solar radiation.
Meteorological data for the experimental period are shown in table 2.
Maximal and minimal air temperatures, relative humidity and global solar radiation
were recorded daily at a meteorological station situated 2 km from the farm. The
windspeed was measured at animal level with cup anemometers (starting
threshold : 0.8 m/s). The rainfall was also recorded at the experimental site.
The rectal temperatures and respiratory rates of the animals were measured
12 times (twice a week for 6 weeks) at 11.00, 13.00 and 15.00 h, and their
cardiac rates were also measured at 13.00 h on the same days.
Black globe (12-cm diameter) temperature, which provides an estimation of
the temperature felt by a non-sweating animal, was measured at animal levels at
13.00 h for 11 of the 12 days mentioned above. The results were 28.4 ± 1.2 °C in
the stable and 37.1 + 2.7 °C in direct sunshine.

The bulls were weighed fortnightly, and the antero-posterior diameter of
each testicle was recorded using a calipers each time. This provided a good
prediction of testicular weight (Coulter and Foote, 19791. Sixty-five days after the
beginning of the experiment, when the average testicular diameters of the three
groups were equivalent, the blood of the bulls was sampled by jugular
venipuncture every 20 min for 12 h ; it was centrifuged immediately at 4 °C and
the plasma stored at - 15 °C until LH and testosterone assays. The rectal
temperature and respiratory rate were measured on the same day at 08.00, 11.00,
14.00 and 17.00 h.
Plasma LH and testosterone levels were measured by specific radioimmunoassays (LH : Pelletier, 1972 ; testosterone : Garnier, Cotta and Terqui,
1978, modified by N-acetyl-cyclo-hexane extraction). We considered and LH or
testosterone value as a pulse when it was greater than the mean + 2 SEM level
encountered during the 12 hrs sampling period and was followed by at least one
lower value which was still elevated above the mean concentration.
On the same animals, repeated measurements (rectal, temperature, respiratory and cardiac rates, average and basal levels of LH and testosterone)
were analyzed by split-plot analysis of variance (Gill and Hafs, 19711. Average
daily weight gain, increase in testicular diameter and the number of hormonal
pulses per day, variables with an unknown distribution and a few data were
analyzed by the rank-test of Mann and Whitney (Snedecor and Cochran, 19711.
Results.

11 Heat regulation parameters.

Within-group. Neither the time of day nor the day of measurement had any
effect on the three parameters studied, i.e. rectal temperature, respiratory rate
and cardiac rate. Therefore, the general average of each group was used.
Between-group. The rectal temperature and the cardiac rate were not different
among the three groups. The respiratory rate was lower in group 1 than in groups
2 and 3 (P < 0.05) (table 3). On the day of blood sampling, the rectal

temperature and respiratory rate were similar to those recorded on other days.
The sampling itself had no effect on these parameters.
2) Live weight variations. &horbar; During experimentation, the average live
2 and 3 increased from 163 ± 8.4, 156 ± 6.6 and 155 ± 4.2
6.7, 207 ± 8.9 and 200 ± 6.4 kg, respectively. The average daily gain

weights of groups 1,
to 187 ±

significantly lower for group 1 (370 g) than for groups 2 and 3 (780 and
690 g, respectively ; P < 0.011.
).
3) Testicular growth. - The total increase in testicular diameter in groups 1,
2 and 3 during the experiment was 6.75, 13.03 and 11.0 mm, respectively. The
average daily increase in testicular diameter was 0.10, 0.20 and 0.17 mm,
respectively, for the three groups. Group 1 had lower testicular growth than
groups 2 and 3 (P < 0.05).
The testicular diameter in each group was correlated to the logarithm of the
live weight. The regressions of testicular diameter on the logarithm of the live
weight were not different among the three groups (table 4).
4) Plasma LH Level. &horbar; LH was released in the blood in a pulsatile pattern
(fig. 11. The number of pulses occuring during a 12-hr period varied from 0 to 4,
depending on the animal. From an average basal level of 2 ng/ml, the plasma LH
level increased rapidly to a mean level of 7 ng/ml (3-12 ng / ml), then decreased
slowly during an average LH pulse (total duration : about 60 min).
was

The average plasma LH level was higher in group 2 than in group 1 (2.57 vs
2.11 ; P < 0.05). There was no difference between groups 2 and 3 (table 5).
However, the basal level was almost the same in the three groups (1.88, 2.05 and
2.0 ng/ml, respectively ; table 51. The number of LH pulse per day was higher in
groups 2 and 3 than in group 1 (2.25, 1.75 vs 0.63 ; P < 0.05) and not

significantly different between groups 2 and 3 (table 5). The magnitude of LH
pulses in group 2 seemed to be higher than in group 3 (7.76 ± 1.31 vs
5.60 ± 0.96 ng/ml) but the difference was not significant (P < 0.07). Group 1
did not have enough pulses to estimate an average magnitude. The number of LH
pulses per day was highly correlated to the live weight and to the average daily
0.78 and 0.82, respectively ; P < 0.01).
gain (r
=

Testosterone was released in a pulsatile
5) Plasma testosterone level.
pattern, an increase in plasma testosterone occurring after each LH pulse. In the
-

sample after the LH peak, testosterone concentration began to increase in
plasma from a basal level of 0.4 ng/ml to an average level of 7 ng/mi
(4 - 10 ng/ml). The increase was less rapid than that of LH, and 60 min elapsed
between the beginning of testosterone increase and the onset of its decrease. The
total testosterone pulse lasted about 2 h (fig. 11.
Average plasma testosterone levels were higher in group 2 than in group 1
(2.65 vs 1.19 ng/ml ; P < 0.05). The plasma testosterone levels of group 2
seemed to be higher than those of group 3, but the difference was not significant
first
the

testosterone were not different among the 3 groups.
The number of testosterone pulses was lower in group 1 than in group 2
(2.5 vs 0.75 pulses/day ; P < 0.05) and not different between groups 2 and 3
(2.5 vs 1.75 pulses/day) (table 5). There was no difference in response time, ie
the time between the LH pulse and the testosterone pulse, or in the response
magnitude among the three groups.

(table 5). Basal levels of

Discussion.
The difference in growth among the groups of Creole bulls indicates that we
obtained two real distinct nutritional groups and that a difference in growth
(370 g/day vs 780 g/day) can induce a difference in testicular growth and
probably in the onset of puberty. It is interesting to note that testicular growth
according to live weight is constant, whatever the feeding level.
The results of underfeeding in the Creole bulls observed here, ie an induced
decrease in the plasma gonadotrophin level, confirm the work of earlier
investigators using male and female rats (Campbell et al., 1977 ; Blask et al.,
1980) and cows (Terqui et al., 1981).Thus, underfeeding constitutes a
« pseudohypophysectomy »
(Mulinos and Pomerantz, 1940), leading to a
decrease in testicular growth similar to that in rat (Sorrentino, Reiter and Schalch,

1971).

Underfeeding does not change the basal LH level. The low average LH level
proceeds solely from weak pulsatility. As for the other physiological states, the
regulation of LH levels is achieved by a frequency modulation of the pulsatility
during photo-periodic regulation (Lincoln et al., 1977 ; Terqui et al., 1980),
postpartum anoestrus (Gayerie, Cognié and Locatelli, 1980) or prior to puberty
(Lacroix and Pelletier, 1979).
The modulation of amplitude and frequency changes in pulsatile
gonadotrophin release is probably governed by the activity of neurons discharging
GnRH. These conclusions are based on the observation that passive immunization
with GnRH antibodies evokes an immediate blockade in episodic LH secretion
(Lincoln, 1979 ; Lincoln and Fraser, 1979).
Physiologically, LH pulsatility is low when pituitary sensitivity to GnRH is also
low (postpartum anoestrus : Terqui et al., 19811. But, the secretory LH response
of the pituitary to a synthetic GnRH injection is greater in diet-deficient animals
than in those with a control diet (rat : Campbell et al., 1977 ; cattle : Beal et al.,

1978 ; Gauthier and Maul6on, unpublished data). Thus, the low pulsatility
observed in underfed animals is a direct result of nutritional depcivation on
hypothalamic function rather than a defect in pituitary physiologi per se.
As the LH level, the average plasma testosterone level in decreased through
underfeeding. This decrease is due to weak testosterone pulsatility, the basal level
remaining unchanged.
Testosterone pulses are the testicular endocrine response to the LH pulse
(Thibier, 1977 ; Terqui et a/., 1980) and testicular sensitivity to LH secretion, in
terms of testosterone response, seems unchanged. Thus, low testosterone
pulsatility appears to be due only to weak LH pulsatility.
Temperature is known to reduce testicular weight and testicular endocrine
functions (Gomes, Butler and Johnson, 1971 ; Rhynes and Ewing, 1973). In our
study, however, the effect of solar radiation had no effect on the LH and
testosterone pattern or on testicular growth.
These results are not surprising since, even when the bulls of temperate
countries (Hereford) are submitted to heat stress, plasma testosterone
concentrations return to normal levels after 7 weeks (Rhynes and Ewing, 1973).
Furthermore, the Creole breed bull has a low sensitivity to heat. This is confirmed
by the lack of difference in rectal temperature, respiratory rate and cardiac rate
between animals when shaded

or not.
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Résumé. Douze taurillons créoles immatures, âgés de 13,3 mois en moyenne, sont répartis
3 lots selon leur poids vif. Le premier lot reçoit un bas niveau d’alimentation et est maintenu à l’attache dans un local abrité, le second placé dans la même étable reçoit un niveau
alimentaire élevé, quant au troisième, il reçoit la même ration que le second mais il est
et le diamètre testiculaire des animaux sont
exposé à l’extérieur sans protection. Le
enregistrés tous les 14 jours.
Après 65 jours d’expérience, des échantillons sanguins sont prélevés toutes les 20 min
pendant 12 h dans la veine jugulaire des taureaux afin de doser la LH et la testostérone
en

poids

plasmatiques.
Il n’y a aucune influence de l’ensoleillement ni sur les croissances corporelle et testiculaire, ni sur les niveaux hormonaux. Outre son influence sur la croissance corporelle, la sous
alimentation entraîne une diminution de la croissance testiculaire et des niveaux moyens de
LH et de testostérone, sans changement du niveau de base, mais par le biais de la diminution du nombre de pulses en 12 h.
Il semble donc que la diminution du nombre de pulses de LH soit responsable de la
croissance testiculaire lente chez les animaux moins bien alimentés.
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