fluctuations of plasma LH and testosterone
in Charolais bull calves during the first year of life
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Summary. Plasma LH and testosterone have been measured by radioimmunoassay in
samples collected weekly from 10 Charolais male calves from birth till one year of age.
Plasma LH increased from the lst to the 5th week of age, then fluctuated widely from the
5th to the 20th week (3-5 ng/ml) and finally decreased to about 2 ng/ml and remained
steady up to one year of age. Plasma testosterone increased very slowly from the Ist to the
20th week of age and then increased more rapidly with large fluctuations up to one year.
Thus an intense LH release between the Ist and the 5th month of life was not followed
clear testosterone release suggesting that testicular sensitivity to LH was not yet established. Conversely, after the sixth month of age discrete LH variations were able to induce
large releases of testosterone into the blood. It is suggested that high pituitary activity
during the first month of life is a signal for puberty.
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Despite the number of recent studies devoted to plasma LH and testosterone in
a comprehensive view concerning the relationship between these hormones
first year of age is still lacking. Thus plasma LH is said not to vary between
the
during
the third and twelfth months of age (Odell, Hescox and Kiddy, 1970 ; Karg et a/.,
1976) to increase between the first and seventh months (Mori et al., 1974) or to increase
from seven months of age to adulthood (Gombe et al.,1973). Similarly although plasma
calves,

was found to increase with age, this increase was said to be erratic
and Swanson, 1972) or multiphasic (Secchiari et al., 1976).
Hafs
(Rawlings,
Some of these discrepancies could be due in part to a pulsatile pattern of relaese
which has been described for LH both in adult (Katongole, Naftolin and Short, 1971)
and young bulls (Gombe et al., 1973 ; Thibier, 1975). They could arise also from
insufficient blood samplings or number of animals studied.
This confusing situation in the bull contrasts with our knowledge in the sheep
in which the prepubertal period is associated with a pulsatile pattern of LH followed
by a decrease in the level after puberty, whereas testosterone increases linearly
(Foster, 1974 ; Courot, de Reviers and Pelletier, 1975).
Thus, in an attempt to clarify the endocrine changes around puberty the concurrent patterns of plasma LH and testosterone were followed in Charolais calves from
birth till one year of age.

testosterone

Materials and methods.
Ten Charolais calves born between January and April 1974 were used in this
experiment. Body weights were recorded each month. Blood samples were collected
by venepuncture from the jugular vein at 9.00 a.m. once a week from 1 to 52 weeks
of age.
Plasmas were stored at - 14 !C until the end of the collection period and all
samples were assayed simultaneously for LH by radioimmunological methods (Pelletier,1972 ; Lacroix,1975) and for testosterone after extraction of 0.5 or1 ml of plasma
with ethylacetate cyclohexane mixture (lv/lv) (Garnier, Cotta and Terqui, in preparation). Antibody obtained by immunization of rabbits against testosterone 3-(0-Carboxy-) methyloxime coupled to bovine serum albumin cross-rea.cts with epitestosterone : 2 p. 100, A4-androstenedione : 4 p.100, 5 oc-androstan 3 B-17 B diol : 9 p. 100,
dehydroepiandrosterone : 1.8 p. 100 and 5 oc-dihydrostestosterone (DHT) 47 p. 100.
Sensitivity read between 0.05 and 0.1 ngjml.
The results obtained with this technique fit closely with those obtained with a
very specific gas-chromatography method (Attal, 1970). For example the correlation
coefficient between methods was -!- 0.85 for 236 assays of bovine plasma and the
0.8004 X -0.02) had a slope close to 1. Comparisons with and
regression line (y
without a chromatographic step on celite columns to isolcte testosterone from DHT
showed this step to be unnecessary, indicating that DHT which cross-reacts strongly
with the antibody used was at a negligible level compared to testosterone in bovine
=

plasma.
Conversely, direct measurement of testosterone without any extraction led to
higher values. Variation coefficients, were 4.37 p. 100 and 9.92 p. 100 for high and low
values respectively (data from Dechesnes, 1976 : personnal communication).
Plasmas were assayed in iduplicates. LH results are expressed in ng LH Reichert
=x NIH-LH-SI.
1072.2
Results.
I. Growth. Body weight increased linearly with age from 47.5 :1:: 2.1 kg at birth to
39.5 + 35.6 X, P < 0.001).
+ 0.998 ; y
464 + 11 kg at one year of age (r
Further growth was homogeneous between animals (variation coefficient 2.85 p. 100).
=

=

II. Plasma LH. LH was detectable in plasma at the first bleeding, four to eight days
after birth, with a mean level of 1.29 ! 0.30 ng/ml. No correlation with body weight
was evident. At one year of age mean plasma LH level was 2.19 ! 0.10 ng/ml. The
mean LH level over the year varied from.1.94 to 3.94 ng/mi between calves (P <
0.05).
For the ten animals the over-all LH mean level was 2.62 ! 0.17 ng/ml.
The plasma LH pattern from birth till one year of age (fig. 1a) presented three

phases :
plasma LH increased
the
mean
LH
level
was
2.26 ! 0.23 ng/mi.
period
plasma
From five to about twenty weeks of age plasma LH showed
-

this

-

From birth to about five weeks of age,

regularly. During

large fluctuations

detectable in all individuals (fig. 2a) Mean plasma LH level during this
3.72
! 0.20 ng/ml.
phase
After the 20th week of age, plasma LH gradually decreased with a progressive
decline in the intensity of fluctuations, and the plasma level became stable around
2 nglml. Mean plasma LH level during the period was 2.18 :::!:: 0.05 ng/ml.
up to 20

ng/mi

was

-

showed that the mean LH levels during these three phases
different (P < 0.001). Assuming that a value higher than
150 p. 100 of the over-all mean annual value (approximately 4 ng/mi) corresponded
to an LH peak in plasma, frequency of peaks varied significantly (P < 0.001) through
the first year of age. The maximum number of peaks was found during the third and
fourth months of age (fig. 3).
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III. Plasma testosterone. Plasma testosterone was very low at birth, being less then
0.1 ng/mi, and at one year old had risen to 3.4 ! 1.1 ng/mi. The mean testosterone
level over the year varied from 0.93 ! 0.19 to 2.49 :::!:: 0.48 ng/ml between calves
(P < 0.02) with a 267 p. 100 difference between these extremities. For the ten animals
the over-all LH mean level was 1.71 ! 0.10 ng/ml.

Three phases for LH could also be shown (fig. 16).
From 1 to 20 weeks of age plasma testosterone increased at first very slowly.
Mean testosterone level was then 0.48 ! 0.04 ngjml and no major fluctuations were
seen during this period. However, in some cases (fig. 2b) a sharper increase in plasma
testosterone could be observed from the 15th to the 20th week of age.
From 21 to 35 weeks of age the mean testosterone level was steady (1.49 !
0.13 ng/ml) but individual patterns fluctuated widely (fig. 2b).
From the 36th week to one year of age, plasma testosterone levels gradually
3.15 ± 0.21 ng/ml), as did the amplitude of fluctuations.
increased (mean value
-

-

-
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Mean

plasma testosterone levels during these three phases differed significantly
0.001). The frequency of testosterone values higher than 4 ng/ml, which was
assumed to represent a peak, increased significantly with age up to one year of age
(P < 0.001) (fig. 3).
(P

<

IV. LH-testosterone interaction. An over-all significant negative correlation between
plasma LH and testosterone throughout the year (r
0.46) was found. However a
-! 0.42) between birth and 20 weeks was observed ; this
positive correlation (r
correlation was nullified afterwards (r
0.13).
Furthermore no correlation was observed between the mean annual individual
levels of LH and testosterone (r
0.03).
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Discussion.
In Charolais calves, plasma LH firstly increases after birth, secondly varies widely
from two to five months and then declines and remains steady up to one year of age.
The main feature of this pattern is the second phase where large individual fluctuations
occurred from week to weeks. This pattern has also been observed during the same
prepubertal period in Friesian, Hereford, Limousin and Maine-Anjou breeds (Lacroix
and Pelletier, unpublished data). Peak values are related to the presence of a pulsatile
pattern of secretion, particularly intense in the two to five-month period (Lacroix
and Pelletier, 1977). These results agree with high pituitary activity shown in sheep
before puberty (Foster, 1974 ; Courot, de Reviers and Pelletier, 1975).
Afterwards the frequency of pulses decreases (see fig. 3) although they are
presumably present during the whole lifespan (Katongole, Naftolin et Short 1971 ;
Smith et al., 1973 ; Thibier, 1975). These results differ markedly with those of Odell
et al. (1970) and Karg et al. (1976) who showed no variations in plasma LH during the
first year of life. Similarly, they differ from those of McMillan and Hafs (1968), Gombe
et al. (1973), Swanson et al. (1971) who indicated a major increase in plasma LH after
the 6th month of life. An early increase in plasma LH was mentioned by Rawlings et
al. (1972) and Mori et al. (1974), although in those cases, monthly collection of blood
minimized the phenomenon and the importance of the prepubertal period had not
been previously pointed out.
There is general agreement concerning the pattern of plasma testosterone which
increases roughly from birth to the first year of age with a faster increment after
6 months of age (Rawlings et al.,1972 ; Secchiari et al., 1976). However, neither a drop
in plasma testosterone was observed between 11 and 12 months of age as suggested
by Rawlings et al. (1972) nor a multiphasic pattern, as found by Secchiari et at. (1976)
in Friesan calves. Data from our Charolais calves indicate there are three steps in the
increase of plasma testosterone, with the second and the third ones having large
weekly variations. Another point of view would be to neglect the slight decrease
observed between the 28th and 33rd week of age and to consider the testosterone
increase roughly as linear (see fig. 1b). However, data from Secchiari ei al. (1976)
and consideration of the number of peaks in plasma levels (fig 3) favours the first

hypothesis.

Finally the increase in testosterone level at one year of age cannot be considered
high basal level but is the combination of pulses of testosterone and a basal level
which remains in fact very low. The occasional absence of pulses could explain the
decrease in plasma testosterone observed by Rawlings et al. (1972).
The main point of this study is however the correlation between plasma LH and
testosterone. Firstly, one must consider that large LH variations before the 15th week
of age occurred in plasma without a response in testosterone which was confirmed by
a monthly circahoral variations study of plasma LH and testosterone (Lacroix et
Pelletier, 1977). Conversely, when plasma testosterone increased steeply from the
15-20th to the 25th week plasma LH decreased and major fluctuations disappeared.
Thus, it seems highly probable that a large LH release during the first months of
life is responsible for the increase in testosterone production which in turn moderates
LH secretion. This period would correspond to initiation of testis sensitivity to LH and
then the normal negative feed back mechanism would work. Secondly, otter 6 months
of age endocrine relationships found in the adult seem to be established with testosterone reaching values at one year of age as that observed at maturity.
During this period it seems that testicular sensitivity to LH is sufficiently high to
ensure a large testosterone release in response to a discrete plasma LH change.
Although the role of FSH was not studied in this experiment, it seems at least
that the pulsatile LH pattern in the calf as in the lamb is one of the earliest endocrine
signals for puberty occurring around the ninth month of age in the Charolais breed
as a
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Les variations des taux de LH et de testostérone plasmatiques ont été estimées
à partir d’échantillons de sang collectés chaque semaine chez
10 veaux Charolais mâles depuis la naissance jusqu’à l’âge d’un an. En moyenne, la LH
e à la
plasmatique augmente de 1 à 5 semaines d’âges, puis fluctue largement de la 5
e semaine (3-5 ng/ml) enfin décroît pour rester à un niveau relativement stable voisin de
20
2 ng/ml jusqu’à un an. La testostérone augmente très lentement entre 1 et 20 semaines
d’âge puis plus rapidement avec des grandes fluctuations de 20 semaines à un an.
Ainsi la secrétion intense de LH entre le premier et le 5
e mois de vie ne s’accompagne
que d’une réponse testiculaire réduite alors qu’après 6 mois d’âge la sensibilité testiculaire
à la LH semble importante puisqu’on constate de grandes fluctuations de testostérone en
réponse à des taux réduits de LH. Il est suggéré que la décharge de LH dans les premiers
mois de vie correspond à un signal essentiel pour la puberté.
Résumé.
par

radioimmunologie
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