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elements are implicated in fetal and postnatal growth ; the hormonal
discussed in this review. In the first section, general hormonal effects on the
growth of domestic animals are reviewed with special emphasis on the role of the pituitary
and its hormones (growth hormone, prolactin, ACTH) ; somatomedin action is considered
in this perspective. The effects of the thyroid and its hormones, the adrenal cortex and corticosteroids, gonads and sex steroids and insulin are discussed.
In the second part of this review, the problem of hormonal balance and growth during
fetal and postnatal life is analyzed. The complementarity of the « growth activities » of the
growth hormone (GH) and the placental somatotropic or lactogenic hormone (CS or PL)
during fetal life is emphasized. The relations between these hormones, somatomedins and
fetal development are reviewed in detail : thyroid hormones and estrogens as well as
insulin may also play a role in fetal development.
In neonatal life the correlations between plasma hormone concentrations and growth
are more or less strict. These levels depend on the kinetic factors of hormone metabolism
whose correlation to growth has been studied. The mode ot action of some hormonal treatments and the effect of selection on some hormonal balances are also discussed.
In the third part of this report, a critical study indicates the limitations in investigations
on growth endocrinology. Special attention has been given to the problem of hormone level
fluctuations in relation to plane of nutrition, stress, light/dark cycle, as well as to the paucity
of data on growth peptides and the limitations of assay methods.

Summary. Many

factors

are

Introduction.
Fetal and

on many elements, some of which, such as
conditions
and hormones, play a key role. In
factors,
genetic
rearing
this report, we only consider the hormonal factors, emphasizing the correlations and

postnatal growth depends

nutrition and

interrelations between hormone levels or some parameters of their patterns, and
aspects of the growth and development of domestic animals.

certain

I.

-

General hormonal effects

on

the

growth

of domestic animals
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Pituitary gland and its hormones. The effects of hypophysectomy vary with breed
and age at the time of the operation.
In the chicken, early hypophysectomy after hatching causes a high mortality, and
at 50 days slows down
ponderal growth (Goussopoulos, 1978). If carried out later, animal growth is also retarded but prolonged beyond that of the controls, so that the
operated animals catch up to, or even exceed, the controls.
During fetal life, hypophysectomy does not cause an arrest of growth in the rabbit
(Jost, 1947) or the sheep (Liggins and Kennedy, 1968 ; Barnes et a/., 1976). After birth,
pituitary regulation of ponderal growth in the rabbit only reaches its full efficiency
from about 100 days onwards (Vezinhet, 1968b). In the lamb, this regulation occurs
earlier because hypophysectomy causes growth to
stop at 25 days of age (Vezinhet,
1968at 1976). However, these effects on ponderal growth give no indication of the relative development of different tissues.
In the species studied in which hypophysectomy is performed after birth, the adipose deposits increase spectacularly relative to the liveweight, and their development
in relation to the total
adipose mass is similar in the controls and the operated animals,
except for the perirenal deposits which develop relatively more after the operation in
the lamb and rabbit (Vezinhet, 1976). As concerns other tissues,
hypophysectomy
usually slows down skeletal development, while the relative growth of the muscular
mass is either retarded in the chicken and before 100
days in the rabbit, or arrested in
the rabbit after 100 days and in the lamb (Vezinhet,
1976). The quantity of DNA ceases
to increase in the
hypophysectomized rabbit, indicating an arrest of muscle nucleus
multiplication (Cordesse, 1979).
Some of the differences in the tissular development of hypophysectomized animals
to the controls evidence the effects of the operation on metabolisms.
Thus, the adiposity of hypophysectomized rabbits is due rather to a decrement of
lipolysis than to increased lipogenesis. Reduced lipolytic activity in the lamb may even
compensate for a slowing down of lipogenesis (Vezinhet, 1976).
These effects of hypophysectomy could result either from the direct effects of some
pituitary hormones or from the decreased secretion of pituitary-dependent endocrine
as

compared

glands.

Among these hormones, pituitary GH or growth hormone is particularly interesting. A chronic treatment of bGH (bovine growth hormone) clearly improvesthe weight
gain of hypophysectomized lambs, being about that of the controls (Vezinhet and Dauzier, 1970 ; Vezinhet, 1976). In these lambs, bGH reestablishes muscular and bone
growth similar to that in normal animals, and it considerably reduces adipose stores.
On the other hand, bGH has no effect on the ponderal growth of normal lambs (Vezinhet, 1973).
In hypophysectomized rabbits older than 100 days, bGH is inactive for reasons
which may be imputed to its specificity. In fact, pGH (porcine growth hormone), which
is similar to rabbit GH, tends to reduce the adipose stores of the hypophysectomized
rabbit (Vezinhet, 1976). These lipolytic effects are seen in vivo after acute bGH treatment of lambs and pGH treatment of rabbits ; on the other hand, bGH used on rabbits
does not triggor a release of the free fatty acids in the blood.
pGH in vitro has also proved to be lypolytic on rabbit adipocytes. On the contrary,
bHG shows no lypolytic action in vitro on either rabbit or lamb adipocytes (Vezinhet,

1976). The data obtained in vitro on rabbit adipocytes with pGH demonstrate that GH
has a direct effect on adipose tissue. Its direct effect is also evident on hepatic tissue,
which has GH membrane receptors (Tsushima and Friesen, 1973), and on muscle tissue
where it initiates protein synthesis (Kostyo and Knobil, 1959).
On the other hand, GH would have no direct effect on cartilaginous or bone tissues,
although it stimulates their growth, since biological GH assay is carried out by measuring the increase in thickness of the proximal epiphyseal cartilage ofthe hypophysectomized rat tibia (Greenspan et al., 1949). The influence of GH on the cartilage or bone
acts through hormonal mediators, the somatomedins (Daughaday et al., 1972), whose
formation is triggered by hepatic GH and, to a lesser extent, by renal GH. These somatomedins have been mostly studied in humans and rats, but act on pig cartilage and the
embryonic chick pelvis used in their assay. They influence bone growth by inducing
sulfate incorporation into proteoglycans and DNA, RNA and protein synthesis, and
also stimulate muscle protein synthesis and glucose oxidation in rat adipose tissue.
Their effect in vitro is antilypolytic instead of lipolytic as GH. Somatomedins have a
more marked effect on muscle and liver in vitro than GH, which must be used at high
doses.
Finally, a placental hormone having a twofold activity (lactogenic and somatotropic) has been isolated in the pregnant females of some species (humans, cattle,
sheep). Studying the pregnant ewe, Martal and Djiane (1977a) isolated oPL (ovine
placental lactogen hormone) still called oCS (ovine chorionic somatotropin or somatomammotropin). oCS acts on bone growth and increased the liveweight gain of hypophysectomized rats (Martal and Djiane, 1977a ; Martal, 1978).
Besides somatotropic hormones, prolactin has been found to have some anabolizing properties when injected into rats, increasing the weight of puberal females
(Reisfeld et al., 1961 ; Bates et al., 1964), and augmenting protein synthesis in the diaphragm of hypophysectomized rats incubated in vitro (Hamid et al., 1965). It may be
implicated in the effects of photoperiodism on bovine and ovine growth. In fact, when a
rather high ambient temperature is maintained, heifers reared under a light/dark
cycle of 16 L-8 D grow more rapidly than animals under a natural light
/dark cycle
’
(Peters et al., 1978). Also, lambs reared under long daylength of 16 L-8 D have a significantly higher growth rate than those raised under short daylength (6 L-16 D) (Driver
et al.,1976). It is interesting to note that animals raised under a long daylight ratio have
a higher serum prolactin concentration (sheep : Pelletier, 1973 ; Forbes et al., 1975 ;
cattle : Peters and Tucker, 1978) and the same serum GH content (sheep : Driver et al.,
1976 ; cattle : Peters and Tucker, 1978) as slower-growing animals reared under a
shorter daylight ratio.
Contrary to GH, prolactin has no effect on serum free fatty acids or aminoprotein concentrations in cattle and sheep (Manns and Boda, 1965).
Besides stimulating the adrenal cortex, ACTH has a distinctly lipolytic effect in the
rabbit, and according to Desbals (1962), it would be the typical lipolytic hormone of
that species. Other than its considerable action on lipid metabolism, ACTH would
affect carbohydrate metabolism by inducing hypoglycemia and hepatic neoglucogenes
apparently by triggering insulin secretion (Desbals, 1967).
The pituitary may also act indirectly by mediating the activity of some endocrine

glands.
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thyroid and its hormones. Thyroidectomy of the sheep fetus

retards

growth

and

ossification, development of the skeleton and secondary skin follicles and causes muscular weakness (Erenberg et al., 1974 ; Thorburn, 1974) ; the young are born alive
but live

only

short time. Administration of an

antithyroid drug, methyl thiouracil, to
only prolonged pregnancy, but the birth of dead lambs
smaller than the controls (Lascelles and Setchell, 1959). Thyroidectomy in the rabbit
fetus does not stop growth before day 29 of pregnancy, but it increases body fat (Jost,
1977). Thyroidectomy after birth also retards the growth of lambs (Falconer and Draper, 1968) and calves (Spielman et al., 1944).
Thyroid hormones are necessary for tissue differentiation and especially for
maturation of the brain and the skeleton ;the effects of thyroidectomy thus depend on
when the operation is done, and also on when these tissues differentiate. During the
postnatal period, thyroid deficiency retards the growth of almost all the organs, causing a more or less important arrest of development. Thyroid hormones are also
involved in muscle growth, and initiate protein synthesis, particularly of myosin
(Flaim et al., 1978).
The adrenal cortex and corticosteroids. An excess of glucocorticoids is usually
associated with retarded growth (Daughaday et al., 1975).
The glucocorticoids have a catabolizing effect on muscle protein, resulting in an
increase of serum amino acids, especially alanine and glutamine. Corticoids act mainly
on white muscle fibers,
3-methyl histidine being for some authors an indicator of this
muscle protein degradation (Mayer and Rosen,1977). The corticosteroids would be GH
antagonists, slightly inhibiting GH action on somatomedin formation (Daughaday
et al., 1975).
Glucocorticoids also show lipolytic activity in vivo and in vitro, but, as noted by
Davies (1973), authors have obtained varying results on response intensity.
Daughaday et al. (1975) studying cartilage, reported that glucocorticoids caused a
decrease in the number and size of chondrocytes as well as some cellular disorganipregnant

a

ewes causes
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zation.

Some authors using chronic glucocorticoid treatments on sheep and cattle have
shown a significant increase in weight gain ; others reported no effect. Carcass composition would show a decrease in protein content and an increase in fat (Spurlock
and Clegg, 1962 ; Clark et al., 1963 ; Carroll et al., 1963 in bull calves). This increase
in adiposity could be due to hyperglycemia and hyperinsulinemia caused by the injections (Bassett and Wallace, 1967 ; Bassett, 1968).
Gonads and sex steroids. Castration has been practised since the beginning of animal domestication.
The growth rate of steers is lower than that of bulls, the difference varying with the
breed, rearing conditions and plane of nutrition (Turton, 1969). The same is true of
carcass yield and feed efficiency ; weight gain composition would tend to be richer in
meat and bone and poorer in fat in intact males. Moreover, these animals would have
more large-fiber muscle richer in connective tissue than the castrates. The differences
vary with the muscle, the development of some being considered a secondary sex
character.
Studies on sheep were mostly carried out by Hammond and his collaborators

(1932), who obtained

results similar to those cited above : higher liveweight gain, more
muscular and skeletal development and less adiposity in intact than in castrated males.
Turton (1969) studying pigs also showed a more rapid ponderal growth in intact than
in castrated males ; their carcass characteristics resembled those mentioned for cattle
and sheep, but boar meat palatability was a problem.
As concerns sex hormones, the anabolizing role of androgens is well known in
the rat through the works of Scow (1964), Kochakian (1965, 1966) and Krieg and Voigt
(1976). Besides accelerating growth and skeletal maturation in rats, androgens induce
more muscular development with increased
protein synthesis and lower muscle protein catabolism ; they would be glucocorticoid antagonists (Mayer and Rosen, 1977).
On the other hand, estrogens have an anabolizing effect in rats, tending to slow
down ponderal and skeletal growth ; after GH treatment they inhibit the increment of
plasma somatomedins.
The data on ruminants are quite different, the androgens producing disappointing
results (Rombauts, 1974) although known for their anabolizing effects in rats. Testosterone given alone
proved to be a mediocre growth factor. Other androgens, such as
methyl androstenediol, were more active, having a stronger effect on heifers than on
castrated males. Testosterone had a clear anabolizing effect however when associated
with estrogens. Trienolone acetate or R 1697 (
), an intermediate steroid between
1
and
to
be
efficient
on
culled cows (Beranger and Malterre,
estrogens
androgens, proved
results
differed
with
the
hormone
Therefore,
1968).
type and the sex of the animal
treated.
Estrogens, such as diethylstilbestrol and hexestrol, have been used in stock raising
for a long time (at least when the legislation permits it). Diethylstilbestrol given by
implant or orally improves liveweight gain, protein retention and the feed conversion
ratio in the following decreasing order in cattle and sheep : castrated females, females,
intact males, suckling young on which the effects are uncertain (Burgess and Lamming,
1960). The growth rate in pigs is little affected, but the carcasses are slightly leaner
and boar taint is strongly inhibited (Plimpton et al., 1971).
On the contrary, the results obtained with natural estrogens, such as estradiol, are
less convincing. Among the progestagens, malengestrol acetate is somewhat efficient
on heifers and cows but not on males or castrated females
(Bloss et al., 1966). Estrogenare
the most efficient.
and
combinations
progesterone
estrogen-testosterone
Aside from the hormones mentioned above, an anabolizing hormone, insulin,
induces muscle proteinogenesis (Manchester, 1970), stimulates lipogenesis and shows
antilipolytic activity, the overall result on adipose tissue being an increase of adipocyte
triglyceride storage. These effects are less evident in ruminants in which volatile fatty
acids are essential metabolites. Insulin also stimulates ponderal and linear growth in
the hypophysectomized rat (Salter and Best, 1953). This weight increment would
mostly result from fat accumulation, but also from increased protein retention. Moreover, insulin is necessary if GH anabolizing action is to be effective (Daughaday et al.,
1976). To illustrate this, babies of diabetic women frequently have a high weight, indicating that insulin may play a role in fetal growth.
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Following the observations of Honnebier and Swaab (1974)
authors have attributed a role to MSH (melanocyte-stimulating
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The interrelations among hormonal concentrations, the patterns of their secretion
degradation and some factors of growth, differ before and after birth.
1.

During fetal life.
Martal (1978), experimenting with sheep, shows close correspondance between
fetal weight and the sum of oGH and oCS « growth activitiesbecause the total plasma
oGH and oCS concentrations remain constant at about 200 ng/ml from day 60 of fetal
life (Martal, 1979). At first, oCS « growth activity» is predominant since it appears
from day 16-17 in the trophoblasts (Martal and Djiane, 1977). The fetal plasma oCS
concentration then increases, reaching a maximum towards day 120 of fetal life
(Djiane and Kann, 1975). oGH appears later in the pituitary and the fetal plasma at
about day 50 (Stokes and Boda, 1968). Its plasma concentrations increase to reach a
maximum between days 130 and 140 of fetal life (Bassett et al., 1970, 1973 ; Alexander
et al., 1974 ; Bassett and Madill, 1974 ; Gluckman et al., 1979). Thus, while at day 60
« fetal growth activity » is predominantly oCS, at day 120 plasma oGH concentration is
about one-third that of oCS and at birth it is about one-half (Martal, 1979). Fetal oGH is
secreted by the fetal pituitary and does not originate from the pregnant ewe.
-

The balance of the two hormones is quite different in the dam and the fetus. In fact,
in the pregnant cow and ewe, plasma GH is much lower than in the fetuses (Oxender
et al., 1972 ; Bassett et al., 1970 ; Gluckman et al., 1979) ; on the other hand, there is
about 200 times more CS than GH. The plasma oCS pattern provides a simple and
rapid diagnosis of pregnancy and twinning in the ewe at day 110 of pregnancy (Clau-

1979).
Somatotropic fetal pituitary cells are observed from day 67 of fetal life in cattle and
from day 30 in pigs (Dubois, 1971).
Cs, which has growth and lactogenic activity, is found in pregnant ruminant and
primate females, but is absent in other species such as the pig, dog and cat (Martal,
1979).
Finally, a positive correlation has been found between somatomedin P (Gluckman
and Brinsmead, 1976) or somatomedin C (Underwood et al.,1978) in the umbilical cord
blood and the weight of the human baby at birth. However, while somatomedin formation is GH-dependent, CS and perhaps other placental hormones also induce somatomedin C synthesis (Hurley et al., 1977) ; the increment of somatomedin C concentration would be the same for equal doses of GH or CS. Moreover, hCS (human chorionic somatotropin) is positively correlated with the serum level of somatomedin C which
binds to fetal tissue receptors (Underwood et al., 1978). These authors conclude that the
chorionic somatotropic hormone is essential to fetal growth ; it would initiate the synser,

thesis of somatomedin and use it as a mediator.
Heinrich et al. (1978) confirm that NSILA (a peptide of the somatomedin
concentration is positively correlated with the birthweight of newborn infants.

family)

Contrary to the preceding conclusions, Jost (1977) postulates a more important
role for thyroid hormones than for GH in rat and sheep fetuses. However, encephalectomized rat fetuses with an intact pituitary show slower growth than decapitated ones
deprived of GH (Rieutort and Jost, 1976). Girard et at. (1976) note that plasma GH
concentration in 21.5-day fetal rats is lower in larger fetuses and reciprocally. Ponderal growth continues for the first 4 postnatal weeks in newborn hypophysectomized
rats (Walker et al., 1952).
Thyroidectomized sheep fetuses with retarded growth have a plasma GH concentration twice that of the controls (Hopkins and Thorburn, 1972). Liggins and Kennedy
(1968) reported that a hypophysectomized sheep fetus which continued to grow was
smaller than its twin control. Barnes et al. (1976, 1977) also noted that after hypophysectomy the fetus continued to develop and that the lambs survived and grew after birth
for 30 to 40 days. However, the retarded skeletal growth noted by Hopkins and Thorburn (1972) apparently resembled that of thyroidectomized lambs. This interpretation
was confirmed by the data of Thorburn and Hopkins (1973) who reported that thyroxinemia was very low after hypophysectomy.
Owing to its effects on skeletal development, somatomedin may also be involved.
In fact, somatomedin P concentration, which does not vary during the last quarter of
ovine fetal life, decreases after fetal hypophysectomy : 0.31 V
glml instead of 0.91 yg/ml
in the controls (Robinson et al.,1978). The concentration of fetal somatomedin C in pigs
is constant between day 24 and the end of fetal life, showing values of about 25 p. 100
of that of the dam (d’Ercole et at., 1976).
This possible role of somatomedin appears in the results of Robinson et at. (1976,
1977) who, using the technique of Alexander (1964), induced retarded fetal development by resecting some of the endometrial caruncles in the ewe before pregnancy. The
fetuses were hypoglycemic and hypoinsulinic whether or not growth was retarded.
Those with retarded growth also had normal plasma oGH concentration, very little
prolactin and a significantly lower somatomedin level than the controls (Falconer et al.,
1977). Decreasing the placental surface might cause a decline in oCS secretion which
would explain the drop in somatomedin content (Robinson et at., 1978).
The relations between thyroid activity and fetal growth have been evidenced by
fetal thyroidectomy, since many studies on the ewe have shown the placenta to be
impermeable to thyroid hormones (Nathanielsz et al., 1973a ; Thorburn and Hopkins,
1973 ; Mellor et al., 1976).
The fetal sheep thyroid begins to bind iodine from day 50 of fetal life (Fisher et at.,
1977). Thyroxinemia is at first low, then augments at 100 days to values higher than the
maternal ones ; it remains high until day 135 of about a 145-day pregnancy. On the
other hand, triiodothyronine, which is detectable just before birth, increases rapidly
during the first postnatal days (Nathanielsz et al., 1973b).
In the bovine fetus during the last trimester of fetal live, plasma thyroxine concentration is clearly higher than in the dam ; fair amounts of triiodothyronine are also
found (Strbak et al., 1976).
Fetal thyroidectomy in sheep caused a drop in thyroxinemia and extended pregnancy ; ponderal growth also slowed down and the appearance of ossification centers
was retarded. These effects disappeared after thyroxine treatment (Hopkins and
Thorburn, 1972 ; Thorburn, 1974 ; Robinson et al., 1978). The fetuses also had shorter

legs but the same trunk length as the controls, and died after birth since they could not
suckle or stand up and the thermoregulatory system did not function.
These data differ from those obtained on the rabbit (Jost, 1971, 1977) in which fetal
thyroidectomy did not prevent fetal growth but increased body fat. The thyroid however
begins to differentiate and function late in this species.
To our knowledge, there are no data on the correlations between thyroxinemia
or its pattern, and the fetal development of domestic animals.
However, Barlet and Theriez (1979) obtained a positive and significant correlation between plasma triiodothyronine concentration in lambs from birth to postnatal
day 7 and their birthweight. On the other hand, the correlation between birthweight
and thyroxinemia was only positive when determined 3 days after birth.
Terqui (1978) showed a very strong relation between peripheral blood total estrogen concentration in the ewe at day 110 of pregnancy and in the sow at day 25 and the
total weight of the young at birth ; maternal estrogen levels would explain the 50
to 60 p. 100 variability in litter weight.
Fetal growth and the total estrogens of maternal plasma would be highly correlated. Maternal effect, expressed by estrogen level at day 110 of pregnancy, would
continue to affect growth after birth, since Terqui has evidenced a positive correlation
between maternal estrogens and the postnatal growth of lambs up to about 90 days.
He obtained parallel results in cattle and goats. A similar correlation between maternal
urinary estradiol and the birthweight of newborns would also exist in women.
Trying to analyze the mode of estrogen action, Terqui (1978) proposed some
mechanisms. Estrogens would favorize uterine development (Knight et al., 1977), augment blood flow (Caton ef al., 1974 ; Barron, 1978) and increase liver weight. Moreover, they would influence mammary gland development, thus explaining the relation
between the total plasma estrogens of the pregnant female and the milk production
after parturition (Terqui, 1978).
The role of insulin is suggested by some observations on humans and rats. In fact,
the children of diabetic mothers often have a higher-than-normal weight may be due
to fat accumulation (Cardell,1953). The fetus of the pregnant diabetic woman is hyperinsulinic ; the abnormally high amount of insulin is not transferred to the fetus, the placenta being considered as impermeable to that hormone. The high level would result
from the transfer of maternal glucose to the fetus, hyperglycemia, when it is too high,
causing fetal hyperinsulinemia (Jost, 1977).
Girard et al. (1976) studying the rat, note that, contrary to the GH pattern, fetal
plasma insulin level at 21.5 days is higher in bigger fetuses and reciprocally.
Atinmo et al. (1976a, b) in their studies on the influence of the dietary protein level
in the pregnant sow show that from week 13 of fetal life, insulinemia increases more
rapidly in the fetus as the dietary protein level of the sow increases. There would thus
be a positive correlation between insulinemia and fetal growth rate. Maternal insuli.
nemia is also affected since it rises with the protein level from week 10 of pregnancy *
*

These authors note no influence of the protein composition of the maternal diet on fetal plasma
which is about 10 times higher than in the sow. It should be remembered that the pregnant
has no pCS.
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Bassett et al., 1973 ; Alexander et al., 1973) ; there would be less response to an increase of fructosemia (Bassett et al., 1973).
Robinson et al. (1976,1977), studying the effect on fetal growth of uterine cotyledon
resection in the pregnant ewe, noted that the fetuses were hypoinsulinic and hypoglycemic whether or not their growth was retarded.
Thus, insulin could not be implicated in the retarded growth observed in the experiments of Robinson et al.
There are few data on the effects of prolactin. It should be recalled that prolactin
concentration is low in the fetal sheep with retarded growth (Robinson et al.). These
authors even suggested a fetal regulation of somatomedin activity by prolactin since
this activity was lower than in the controls. Bala et at. (1978a, b) reported that prolactin
induces the production of somatomedins and increases their activity in the female rat
hypophysectomized 60 days after birth. (An article dealing with growth hormone,
somatomedins and prolactin during fetal life has just been published. It discusses the
secretions and effects of these hormones in the human mother, fetus and newborn

(Shelley, 1973 ;

(Baumann, 1979).)
Plasma corticosteroid concentration increases in the fetal plasma during the last
prenatal days (sheep : Liggins et al., 1973 ; Bassett and Thorburn, 1969 ; cattle : Fairclough et al., 1975 ; Hoffmann et al., 1976 : pigs : Fèvre, 1975). These fetal hormones
initiate parturition in the mother (Liggins et at., 1973).
2.

-

After

birth.

Several aspects of the interrelations between hormonal activity and
factors in domestic animals have been studied.

a)

Correlations between hormonal concentrations and

some

growth

growth.

These concentrations have been determined in the endocrine

glands

and in the

plasma.
Most research carried out

GH has shown no correlation between pituitary GH
and Hansel, 1956 ; Hafs et al., 1971 ;
sheep : Charrier, 1973). The ratio : amount of pituitary GH/body weight is maximum
at birth and decreases rather rapidly with the age of the calf (Curl et at., 1968), sheep
(Charrier, 1973) or pig (Baird et al.,1952 ; Baker et al.,1956), but none of these authors
could show any correlation between this pattern and growth.
However, they generally agree that the plasma GH levels are high at birth then
decrease with age (cattle : Purchas et al., 1970 ; Hafs et al., 1971 ; Trenkle and Irvin,
1970 ; Joakimsen and Blom, 1976 ; Trenkle and Topel, 1978 ; sheep : Johns, 1974 ;
Johns and Bergen, 1976 ; pigs : Chappel and Dunkin,1975 ;Althen and Gerrits,1976a ;
chicken : Harvey and Scanes, 1978). Thus, plasma GH level in the chicken particularly
declines from 10 weeks in females and from 11 weeks in males (Harvey and Scanes,
1978). In cattle, Joakimsen and Blom (1976) report that although plasma GH content
tends to decrease with age, it temporary increases in the bull calf between 6 and
8 months, the period when daily live-weight would be maximum.
This plasma concentration would be higher in males than in females (cattle :
content and animal

on

weight (cattle : Armstrong

Trenkle and Irvin, 1970 ; Reynaert et al., 1976 ; sheep : Fowler et al., 1968) ; no difference is found however between male and female pigs (Chappel and Dunkin, 1975).
In cattle (Trenkle, 1977 ; Trenkle and Topel, 1978) and sheep (Wallace and Bassett,
1970) it is little affected by the plane of nutrition.
Data in the literature do not agree on the correlations between plasma GH
content and some growth factors, the results varying with breed, age and sex. In pigs,
for example, the correlation with growth rate is positive and significant in males
between 3 and 7 weeks, but non-significant in females. On the other hand, after
7 weeks it is negative but non-significant in both sexes (Chappel and Dunkin, 1975).
However, in general the correlation between plasma GH level and growth rate is
non-significant or negative and low (bovines : Purchas et al., 1970 ; Hafs et al., 1971 ;
Trenkle, 1977 ; pigs : Siers and Hazel, 1970).
The correlation with the percentage of carcass adipose deposits is usually negative
(cattle (table 1) : Trenkle and Irvin, 1970 ; Trenkle and Topel, 1978 ; pigs : Chappel
and Dunkin, 1975) ; however, some authors have found a positive correlation in pigs
(Siers and Hazel, 1970 ; Siers and Swiger, 1971).
The correlation between plasma GH and carcass muscle weight is usually positive
(table 1) (Trenkle and Irvin, 1970 ; Joakimsen and Blom, 1976 ; Trenkle and Topel,
1978) for cattle, and sometimes negative as in pigs (Siers and Hazel, 1970 ; Siers and
Swiger, 1971 ; Chappel and Dunkin,1975). However the area of a section and the RNA
content of the bovine longissimus dorsi on one hand, and the plasma GH level on the
other show parallel variation (Trenkle and Irvin, 1970 ; Trenkle and Topel, 1978)
(table 1). These data show that a high amount of plasma GH is usually associated with
a

high musclefadipose deposit

ratio.

Data on the interrelations between serum somatomedin level and growth in
domestic animals are rare. Lund-Larsen et al. (1977) obtain a positive correlation
between plasma somatomedin A and growth rate or linear growth in cattle ; somato-

medin level would vary little between 4 and 7 months, and then would increase at about
10 months. Harvey and Scanes (1977) find contrary results on the chicken. They report
that the plasma somatomedin P level in males (assayed on pig costal cartilage) is maximum at about 5 weeks.
In the rabbit, serum somatomedin A level augments from postnatal day 3, increafrom
0.5 f
sing
-lgfml at 10 days to 1 yg/ml at 180 days (Charrier, 1978). Between birth
and 2 days, the serum inhibits somatomedin A effect ; this point will be discussed later.
Hall and Filipsson (1975) studying the child, obtain a high positive correlation between
plasma somatomedin A level and growth rate at the same age.
These results show that, in spite of the effecfs of the GH analyzed previously, the correlations between plasma concentration and growth are not very clear. However, there usually
seems to be a negative correlation with adiposity and a positive one with carcass
muscularity.
On the other hand, some authors studying corticosteroids have found that the
plasma cortisol level has a high negative correlation with liveweight gain in cattle
(Obst, 1974 ; Trenkle and Topel, 1978) (table 1). The latter authors obtained a very
significant negative correlation with lipid and RNA contents in the bovine longissimus
dorsi. They also observed that cortisolemia increased with age, the increase being
aggravated by dietary restriction.
Testosteronemia varies with age in males, particularly in regard to sexual maturation. However, at a given age, no significant correlation is found between testosteronemia and growth rate in bull calves (Lund-Larsen et al., 1977). Sitarz et al. (1977), on
the other hand, observed that at a given age, bulls which had the highest growth also
had the highest testosteronemia, but these experiments were carried out comparing
rations with different protein levels.
lnsulinemia would tend to augment with age in the lamb (Johns and Bergen, 1976)
and in weaned cattle (Trenkle, 1970 ; Trenkle and Topel, 1978). The results of Young
et al. (1970) and Kosugiyama et al. (1975) are more complex ; they show that diet
composition, especially cereal content, affects insulinemia ; this was also reported in the
first experiments mentioned.
Trenkle and Topel (1978) show high positive correlations between insulinemia and
liveweight, the percentage of carcass adipose deposits and muscle lipids in cattle. The
correlations with the percentage of carcass muscle and longissimus dorsi DNA and RNA
are high but negative (table 1). The correlations between basic insulinemia and adiposity would not be surprising since the lipogenic and antilipolytic effects of insulin are
well known, particularly in humans where obesity is usually associated with high
insulinemia. The problem is different in ruminants due to their special metabolism
in which lipid is primarily synthesized in the adipose tissue from acetic acid which is
the key energetic metabolite in these animals.

Thyroxinemia increases in the first postnatal hours in lambs (Reklewska, 1975) and
calves (Kahl et a/., 1977) or in the first few postnatal days in pigs (Slebodzinski, 1965).
After this initial increment, it decreases ; another decline is observed after weaning. In
the lamb (Reklewska, 1975), thyroxinemia then reaches levels comparable to those

of the adult. In the calf, on the other hand, it is elevated after 6 weeks, being 80 p. 100
higher in the adult than at 6 weeks.
The thyroxine/triiodothyronine ratio in the calf is modified, increasing from 27 at
birth to 55 at 6 weeks and to 37.5 at 22 weeks (Kahl et al.,1977). However, interrelations
with grouwth are rare.
We wish to compare the previous results with those of Lunn et al. (1979) on Gambian children whose growth is retarded between 3 months and 3 years of age due to
undernourishment, which makes them unresistent to certain diseases (gastroenteritis,
malaria, etc.) and affects their growth. These authors tried to determine the effect of
unfavorable environmental factors on hormonal balance. They noted that plasma
insulin level decreased after birth to stabilize from about 1 year. Plasma GH and cortisol levels augmented, reaching a maximum at about 1 1/2 years, then declined until
3 years.
They obtained : a positive correlation between insulinemia and ponderal growth
rate, especially the rate of height increase ; a negative correlation between cortisolemia and growth rate ; a low negative correlation at the significance limit between
plasma GH level and growth rate, and a high positive correlation between the insulinemia/cortisolemia ratio and growth rate.
The authors reported similar results on rats fed an energy and/or protein-restricted diet.
They considered that under stress (undernourishment, sickness, etc.) cortisol
secretion would increase and that energy restriction would lower insulin release.
These two hormones would act on hepatic somatomedin formation under the effect of
GH, the insulin being synergic and the cortisol a GH antagonist (Daughaday et al.,

1976).
In closing this section on growth, it is fruitful to try to establish a correlation betthese hormonal levels and other functions, as for example, lactation, by comparing high and low potential cows (24 and 10 kg of milk/day on week 7 of lactation).
Hart et at. (1978) note that high potential animals have a higher plasma GH and a
lower insulin content during lactation than low producers. After drying-off, the high
producers have the lowest thyroxine level.

ween

b)

Correlations between the kinetics

of hormone

metabolism and

growth.

Plasma concentrations are the result of fixed factors : secretion rate (hormone
plasma by the gland synthesizing the hormone) and metabolic clearance

release into
rate.

These factors have been studied on sheep (Trenkle, 1976) and cattle (Trenkle and
Topel,1978). The latter authors showed (table 2) that these two factors increased for GH
with liveweight and age and were unaffected by the plane of nutrition or the breed.
Althen and Gerrits (1976b) obtained similar results in pigs.
On the other hand, these factors, corrected tothe kilogram of liveweight, decreased
with age. They had a negative correlation with liveweight as well as with the amount
of carcass fat and longissimus dorsi lipids, and a positive correlation with the percentage
of carcass muscle and amount of longissimus dorsi RNA. On the contrary, correlation
with weight gain was not significant. These correlations are thus similar to those previously mentioned in relation to plasma concentration (table 3).

c)

Mode

of action ofsome

hormonal treatments.

The mode of action of two hormonal treatments has been studied ; one treatment
sex steroids, the other TRH (thyrotropin releasing hormone).
As mentioned earlier, some sex steroids (diethylstibestrol, melengestrol acetate,
for example) have a growth effect which is marked in castrated male cattle, less evident
in females, and weak in intact males. In an attempt to determine the mode of action of
these steroids, Trenkle (1970). Purchas et al. (1971) and Hafs et at. (1971) studying cattle,
reported their action on the concentration, secretion and metabolic clearance of different hormones to determine if the steroids had direct or indirect effects. Melengestrol
acetate tended to decrease plasma GH and cortisol levels in sheep (Hafs et al., 1971),
confirming the correlations already mentioned, especially the negative one between
plasma corticosteroid level and liveweight gain.

used

The
in bull

diethylstibestrol

treatment, which

augmented liveweight gain by

12 p. 100

concentration to rise up to day 50 of treatment
the level tended to decline but remained higher than

calves, caused plasma GH

(Trenkle, 1970). After 50 days,
that of the controls. The effects on insulinemia were low. Trenkle (1969) studying
diethylstibestrol intake in lambs, reported increased insulinemia with no large variations of basal glycemia. In pigs, Bidner et at. (1973) obtained a significant increment of
serum GH concentration, especially in castrates.
Finally, in cockerels, in which testosterone slows down growth, this hormone
induces an earlier decrease of the plasma GH level than in the controls (Harvey and
Scanes, 1978).
Other hormonal trials using chronic treatment have been carried out with TRH
which increased thyroid and prolactin hormone secretions ; Davis et al. (1976, 1977)
working on lambs, McGuffey et al. (1977) on calves, and Davis et al. (1977) on heifers
reported a higher growth rate in treated animals. In heifers, this treatment enhanced
the prolactin level more than the GH level (Davis et al., 1977). In calves, an increase
of insulinemia was observed after each TRH injection (McGuffey et al., 1977). On the
other hand, Convey (1973) showed that when the lactating cow was perfused with TRH,
serum GH, prolactin and thyroxine levels increased concomitantly with milk production.

d) Effect ofselection.
9Bnother way of determining hormone-growth intercorrelations
certain growth-releated factors, and thus modify hormonal balances.

is to select for

Most of this work has been carried out on pigs. Althen and Gerrits (1976a, b)
selected strains of the Duroc and Yorkshire breeds for backfat thickness which varied
from 1 to 2.7 (28.1 to 75.1 mm) when the animals were slaughtered at a liveweight o
95 kg at about 30 weeks of age. These strains were compared to a control strain which
had not been selected for backfat thickness. When weaned at about 8 weeks old, the fat
animals of both breeds had the lowest serum GH content ; the differences still persisted
at slaughter although they were less (table 4).

(From Althen and Gerrits, 1976.)

In a second experiment, the same authors tried to determine the influence of
selection on the rates of GH secretion and metabolic clearance in Duroc pigs, but they
could find no differences between fat, lean and control strains.
Lund-Larsen and Bakke (1975) selected two swine strains differing in growth rate>
carcass length and fat thickness. The lean animals grew faster, had a longer carcass
than the fat ones, and were characterized by the highest serum GH and somatomedin
levels. Moreover, these pigs had a higher triiodothyronine level. The thyroxine level
was also higher, but only at 20 kg of liveweight (Bakke and Tveit. 1977).
Wood et al. (1977) compared the lipid mobilization aptitude of Pietrain and LargeWhite pigs ; the Pietrain had a leaner carcass. After a meal or during fasting, they
showed lower glycemia and insulinemia with higher plasma fatty acid concentrations.
Moreover, these pigs were less sensitive to insulin antilipolytic action and more sensitive to the lipolytic effect of norepinephrine. These authors showed a correlation
between a marked ability to mobilize lipids and a leaner carcass. The leanness of
the Pietrain pigs would be due to limited fat deposit rather than to increased lean mass
(Lister, 1978). Lean pigs also have a high percentage of muscle, are very sensitive to
stress and produce exudative meat more often than fatter animals.
Highly muscular cattle are also sensitive to stress and have a large number of
white aW muscle fibers (Ashmore, 1974).
However, some authors consider that the injection of glucorticoids may cause
myopathy (Vignos and Greene, 1973 ; Mayer and Rosen, 1977) by acting on the white,
rapid-contraction, a.W fibers in the rabbit (Smith, 1964 ; Mayer and Rosen, 1977).

Ill.

-

Experimental

limitations

Some of the following limitations inherent in the studies mentioned may be the
of the contradictory or insufficient results obtained :

cause

1.

-

Fluctuations

ofhormonal levels.

Many authors have not taken into account that the fluctuations of hormonal levels
may result in a faulty interpretation of their correlation with growth.
Plasma GH concentrations have been mostly studied in humans and rats. Outjes
and Ney (1972) have shown a diurnal rhythmicity in humans who evidence a minimal
concentration in the morning before waking and a secretion peak at the beginning of
deep sleep. Moreover, physical exercise, stress or eating a protein-rich meal, for
example, causes a temporary increase of plasma content. Besides this diurnal rhythmicity, the plasma level of the rat is pulsatile, showing secretion peaks about every
3.9 hrs (Tannenbaum and Martin, 1976). Several authors have found this same type of
rhythmicity in the plasma GH concentration in cattle ; they mention that these patterns
show 1 to 3 peaks over à 5.5-hr period (Trenkle, 1977), or a double peak every 3.5
to 5 hrs (Driver and Forbes, 1978). However, these fluctuations are less marked than
in humans or rats (Wagner and Oxenreider, 1972 ; Trenkle, 1977 ; Trenkle and
Topel, 1978).
In ruminants, the GH concentration varies with a certain number of factors, and
after a meal a different pattern is obtained in the suckling young than in adults (Bassett, 1974a, b). In lambs, it decreases slightly after suckling, then increases, clearly

a maximum 30 mn after milk intake. In adult sheep, on the other hand, a
meal is followed by a rapid decline of plasma GH which, instead of increasing as in the
lamb, then remains low for about 4 hrs before rising to reach a level similar to the
preprandial value. The minimum plasma GH concentration in the adult would be
concomitant with a high volatile fatty acid concentration, low in free fatty acids (FFA).
Perfusion of volatile fatty acids, hypoglycemia, fasting and stress would have relatively
little effect on ruminant plasma GH content, which is more stable than in human or rats
(Wallace and Bassett, 1970 ; Wagner et al., 1970 ; McAtee and Trenkle, 1971 ; Reynaert et al., 1976). On the other hand, a drop in glycemia, fasting and stress would stimulate GH secretion in pigs (Machlin et at., 1968).
Other hormones, such as corticosteroids, show similar fluctuations.
It is thus evident that endocrine gland or blood sampling affects the hormonal
concentrations recorded.

showing

2.

-

Paucity of

data

on

growth peptides.

Somatomedins, especially somatomedins A, C and P, are considered as active
GH mediators. However, they are not the only peptides implicated in growth ; some
of the most important ones are various GH-dependent somatomedins which are differentiated by the biological material used for their assay (Van Wyk et al., 1973, 1974).
Somatomedin A is assayed by radioactive sulfate S)
35 incorporation in vitro into the pro(
teoglycans of chick embryo pelvis (Hall, 1970) ;
somatomedin B

by

tritiated

somatomedin C

by

radioactive sulfate

physectomized

rat costal

thymidine incorporation

in vitro into human

glial

cells

(Uthne, 1973) ;
or

tritiated

cartilage (Van Wyk

somatomedin P by radioactive sulfate
Den Brande and Van Buul, 1978).

et

incorporation

thymidine incorporation

into

hypo-

al., 1973) ; and
in vitro into

pig costal cartilage (Van

These somatomedins, which have a molecular weight of 5 000 to 7 000, are characterized by (i) their GH-dependence, (ii) their somatotropic effects, particularly on the
skeleton : plasma sulfation factor (PSF) (Salmon and Daughaday, 1957 ; Daughaday
et al., 1959), and (iii) their insulin-like effects on adipose, muscle and hepatic tissues
(even in the presence of antibodies raised against insulin).
At present, four somatomedins have been found : somatomedins A, and A
2 isolated
by Uthne, C by Van Wyk and P by Van Den Brande. Somatomedin B is no longer considered as a somatomedin because it has a weak action on cartilage sulfate incorporation

(Fryklund

et

al.,

1976).

Besides these somatomedins are other growth peptides which all have the same
characteristics as those mentioned above, including GH-dependence. Some of the main
ones are the NSILA’s (non-suppressible insulin-like activity-soluble). In fact, in some
situations, such as fasting in humans, plasma immunoreactive insulin (IRI) of pancreatic
origin only accounts for about 10 p. 100 of the bioactive insulin or ILA (insulin-like
activity). The major part of ILA is not suppressed by insulin antibodies, and thus corresponds to the NSILA’s whose active part can be extracted with ethanol acid ; their
physiology has been compared by numerous authors (Megyesi et at., 1977). Recently,

another peptide, or purified ILA, has been isolated by Posner and Guyda (1976) and
studied by Corvol et al. (1978).
The NSILA’s are composed of two factors, IGFI and IGF II (insulin growth factor)
which have been purified by Rinderknecht and Humbel (1978a, b). Their primary structure is similar to that of proinsulin (Zapf et al., 1978a, b).
Besides the NSILA’
, MSA (multiplication-stimulating activity), a necessary serum
S
factor in the multiplication of most animal cells in culture (Nissley and Rechler, 1978),
was isolated by Pierson and Temin in 1972. This factor stimulates sulfate incorporation
into rabbit costal chondrocytes in culture.
Aside from this family of peptides, other growth peptides have been found whose
GH dependence is doubtful or very unlikely ;
NGF (nerve growth factor), extracted in 1960 by Cohen from the sub-maxillary glands
of male rats, is composed of several sub-units, among which p1 acts on the nerve cells.
Its formation in the sub-maxillaries would be testosterone-dependent (Berger and
Shooter, 1978 ; Thoenen et at., 1978) ;
EGF (epidermal growth factor), isolated in 1962 by Cohen, is of unknown structure and
has a mitogenic effect on epidermal and granulosa cells, for example (Gospodarowicz
et al., 1978 ; Carpenter and Cohen, 1978) ;
FGF (fibroblast growth factor), isolated by Gospodarowicz, stimulates the mitoses of
chondrocytes and hepatocytes, for example (Gospodarowicz et al., 1978) ;
MGF (myoblast growth factor) induces myoblast proliferation and fusion (Nicholson,

1976 ; Gospodarowicz et al., 1978) ;
Erythropoietin is at least partially under GH control but does not act on the skeleton
(Van Wyk et al., 1973) ;
Serum factors S,, S
II have been reported by Frank et al. (1975) and Dieter
2 and SF
et al. (1978).
Somatomedins A and IGF I on one hand, and MSA and IGF 11 on the other, seem to
have similar structure, receptor binding and immunology (Zapf et al., 1978), but only
the determination of somatomedin primary structure can furnish definitive proofof
these suppositions.
The study of these GH-dependent peptides is complicated by the existence of vector
proteins and inhibitory substances. In fact, the peptides bind to serum proteins, but it is
not known if each peptide has its own vector protein, or if only one or a few of them
exist (Zapf et al., 1978). For example, somatomedins A, and A
2’ IFG I, IGF II and MSA
for
a
The
vector
compete
partially purified protein binding.
protein binding of these
interferes
with
their
and
action
peptides evidently
assay
(Zapf et al., 1978).
Moreover, there may be one or more serum peptide inhibitors. Charrier (1978)
showed that young rabbit serum contained one or more substances inhibiting somatomedin A from 2 days before birth to 2 days after. These inhibitory substances would
also be found in the serum of children or rats suffering from denutrition where « somatomedin» activity is low or non-existent in spite of high plasma GH content (Van Den
Brande and Du Caju, 1973 ; Salmon, 1975).
It is therefore understandable that the almost total lack of data on these peptides
in domestic animals calls for prudence when interpreting hormone-growth interrelations.

3.

-

Limitations due to

possibly deficient

assay methods.

The assay methods used seem well founded (biological assay, competitive binding,
radioimmunology, for example), but the results are sometimes difficult to interpret, as
in the case of insulin before the insulin-like serum factors were known.
This would also be the case of GH which is radioimmunologically assayed in the
plasma because its concentrations are of the order of some nanograms per ml, and
hence impossible to measure by the biological tibia test. However, according to Ellis
and Grindeland (1973) and Ellis et al. (1978), the results of these two methods of measurement are sometimes very divergent, ranging from 1 to 5 to 1 to 200 (table 5). These
differences are found whether the GH is assayed in the plasma or the pituitary, and
they cannot be explained by the presence of somatomedins, NSILA’s or GH-dependent
factors. According to Ellis et al. (1978), they would result from the presence of large
molecules having biological, but not immunological, GH-like activity. The molecules
would have a molecular weight of 60 000 to 80 000 and would form in the pituitary as
well as in the plasma after GH injection ; they would not induce somatomedin C
formation.

4.

-

biological

Correlations between hormones involved in

growth

and other hormones, and the

material used.

In addition to the hormones already discussed, others of the
metabolisms and thus on growth.

Somatostatin,

a

hypothalamic

digestive tract act on

GH release, was demonstrated
pylorus and the duodenum by
GH release, this hormone also prevents pan-

hormone

inhibiting

in the pancreas and the mucous membranes of the

Dubois

(1975). Besides inhibiting pituitary

creatic insulin and glucagon secretion (Guillemin, 1978).
The main gastrointestinal hormones can be divided into two large families which
have an analogous structure and interact antagonistically (Track, 1977 ; Grossman,

1977 ; Johnson, 1977 ; Brown and Otte, 1978). The family of gastric and duodenal gastrins also includes cholecystokinin and motilin. Enteroglucagon, GIP (gastric inhibitory
polypeptide) and VIP (vasoactive intestinal polypeptide) are found in the secretin

Aside from their effects on digestive tube secretion or motricity, all these
hormones would stimulate secretion of insulin, thus interfering with insulin-dependent
metabolisms.
Finally, studies on the effects of hormones on tissues have been carried out too
often on rat epididymal tissue or on muscles such as the bulbocavernosus or levator ani
whose development in the rat constitutes a secondary sex character, while the various
skeletal muscles and adipose tissues do not necessarily respond in the same way to
hormones.

family.
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Résumé. Parmi les nombreux facteurs qui agissent sur la croissance faetale et postnatale,
les facteurs hormonaux sont envisagés.
Dans une première partie, les effets généraux des hormones sur la croissance des animaux domestiques sont étudiés avec notamment, le rôle de l’hypophyse et des hormones
hypophysaires (hormone de croissance, prolactine, ACTH). L’action des somatomédines est
considérée dans ce cadre. Les effets de la thyroïde et des hormones thyroïdiennes, du cortex
surrénalien et des corticostéroïdes, des gonades et des stéroïdes sexuels, de l’insuline, sont
abordés.
Dans une deuxième partie, le problème des équilibres hormonaux et de la croissance
fait l’objet d’une analyse au cours de la vie foetale et après la naissance.
La complémentarité pendant la vie faetale des « activités croissance » de l’hormone de
croissance (GH) et de l’hormone placentaire somatotrope ou lactogène (CS ou PL) est soulignée. Les relations entre ces hormones, les somatomédines et la croissance faetale sont
précisées ; les hormones thyroïdiennes, les oestrogènes pourraient aussi avoir un rôle, ainsi
que l’insuline dans le développement du foetus.
Après la naissance on note des liaisons plus ou moins strictes entre les concentrations
plasmatiques hormonales et la croissance. Ces concentrations dépendent des paramètres
cinétiques du métabolisme des hormones dont les rapports avec la croissance sont étudiés.
Le mode d’action de quelques traitements hormonaux et l’effet de la sélection sur certains
équilibres hormonaux sont également signalés.
Dans une troisième partie, une étude critique permet d’entrevoir les limites des investigations sur l’endocrinologie de la croissance. Sont notamment évoqués le problème des
fluctuations des niveaux hormonaux en relation avec l’état nutritionnel, le stress, le moment
du nycthémère ainsi que l’insuffisance des connaissances sur les peptides de croissance et
les limites des méthodes de dosages.
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