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Summary. Somatomedin-A (SM-A) was assayed by Hall’s method using chick embryo
pelvis. The relatively high inorganic S0
4 concentration of rabbit sera (1.5 mM) interfered
with the estimation of the relative potency R of SM activity. Separation of the serum stimulation period from radioactive sulfate incorporation (post-incubation system) thus
permitted this inconvenience to be eliminated. Using this technique we have estimated
rabbit SM-A activity from birth to 180 days of age. The sera from 0 to 2-day old newborn
rabbits inhibited 35
4 uptake by chick pelvis cartilage. We observed a transition period
SO
between 3 and 5 days of age after which the sera obtained became stimulant. SM-A activity increased slowly from 0.5 to about 1 U/ml in the age period between 10 and 180 days,
but there

was

considerable individual variation.

Up to now, three kinds of chemically and biologically different somatomedins
have been described (Uthne, 1973 ; VanWyk et al., 1973) : somatomedin-A (SM-A)
which stimulates sulfate uptake by chick cartilage (Hall, 1970) ; somatomedin-B
(SM-B) which stimulates DNA synthesis in human glia-like cells (Uthne, 1973), and
somatomedin-C (SM-C) which stimulates sulfate uptake by rat cartilage (Van Wyck
et al., 1974). The somatomedin stimulating sulfate uptake by pig rib cartilage has been
called SM-P (Van den Brande and Van Buul, 1978).
For the assay of rabbit somatomedin we have modified and adapted Hall’s technique (1970) which measures SM-A activity.We will first explain the reasons which led
us to modify Hall’s technique by separating the stimulation phase from the radioactive
incorporation phase during in vitro incubation. Then we will report the results
obtained with this technique in the newborn to 180 days old rabbit.
Material and methods.

by dissection of 11-day old embryos.
Incubation medium.
Hall’s synthetic medium buffered with 50 mM Hepes was
used after adjustment of serine up to 0.35 mM and of glutamine up to 0.70 mM (Hall,
1970) ; pH was raised to 7.45 by addition of NaOH. Streptomycin sulfate (200 mg/1),
penicillin (200.00 IU/I), and amphotericin B (20 mg/1) were added to the medium.
Pelvis.

-

Chick

pelvis

-

leaflets

were

obtained

Sera. -We used New Zealand male rabbits, except during the stages from birth
days in which the sex was undetermined. The sera were obtained by cardipunction. After coagulation for 10-15 min at room temperature, the blood was centrifuged during 15 min at 1 800 g. All samples were stored at - 25°C until assayed.
to 10

Healing.-The sera were diluted 50/50 (v/v) with Hall’s medium and the pH
lowered to 5.5 with HCI. They were then placed in stoppered flasks in a cool waterbath which was brought to 100 °C and left boiling for 15 min. The samples were centrifuged after cooling, the proteic clot discarded and the supernatant obtained brought
to the initial volume by addition of distilled water. The pH was again raised to 7.45
with NaOH.
Sulfate concentrations. - The mean plasmatic inorganic sulfate concentration in
rabbit is about 1.5 mM (108-270 mg/l ; Brown and Lewis, 1941). The range of individual variation is therefore around 1.6 mM. In order to test the effect of serum sulfate
concentration on 35
,SO, to our standard
A
4 uptake, we added 0.9 and 1.5 mM N
50
serum, thus permitting a variation of physiological range.
Incubation method. &horbar;The SM bioassay was carried out either by simultaneous
incubation of serum and radioactive tracer or in two operations. In the first operation,
stimulation was achieved by Hall’s medium added with serum, and in the second, the
leaflets were transferred to Hall’s medium without serum and post-incubated in the
presence of the tracer alone.
Simultaneous incubation was carried out in a 20-hour water-bath, agitated for
30 s every 15 min. The post-incubation method demanded 20 hrs of incubation and
4 hrs of post-incubation. At the end of the incubation period, the leaflets were boiled,
let stand overnight in saturated Na,SO,, rinsed for 3 hrs in running water, individually
g (Packard) and measured for radioactivity in a clashydrolysed in 0.25 ml Soluene
sical scintillation medium PPO-POPOP-toluene.
Statistical

analysis.

Statistical analysis was done using covariance of the 4-point
for computation we used an HP 10 computer programmed for

-

bioassay (Finney, 1964) ;
this operation.
Results.

Post- and simultaneous incubation.

Table 1 shows that estimation of SM activity of a same serum changes depending
which of the two types of incubation is used.
The addition of sulfate provokes a steady drop of the cartilage incorporation
in simultaneous incubation according to the serum concentration. No modification
in the incorporation was observed with post-incubation (fig. 1). This is expressed at
the relative potency R estimation level by an apparent drop in activity with the simultaneous method and by maintenance of1 U/ml activity with post-incubation (table 2).
Assay accuracy, estimated by x Gaddum’s index, was always better with post- than
with simultaneous incubation. Therefore, post-incubation was systematically used to
estimate SM-A activity in rabbit.
on

Somatomedin-A activity in rabbit.

Figure 2 shows the variation of SM-A activity in the 10 to 180-day old rabbit.
Each stage evidences great individual variability, and a slow progression of activity
from 0.5 U/ml at 10 days to 1 U/ml at 180 days is also observed.
The
-

-

-

period from birth to 10 days of age can be divided
4 uptake,
days : almost all sera inhibit S0
days : one-half of the sera are inhibitors,
> 5 days : all the sera are stimulators.

0-2
3-5

into 3

parts (fig. 3) :

In order to confirm the inhibitory effect of newborn rabbit serum, we made it
react when mixed with our standard serum (fig. 4), and observed the stimulation
caused by the standard at concentrations of 5 and 10 p. 100, the inhibitory effect of
a pool of 0-day serum at the same concentrations, and the results obtained by mixing

both sera. It is obvious that the 0-day serum inhibited the activity of the standard.We
noted that after heat treatment, both sera became stimulators and their action additive. We would like to point out that the heating conditions (100 O
C at pH 5.5) not only
eliminated the inhibitory effect, but also a part (50 to 70 p. 100) of the original SM acti-

vity (table 3).
The factor inhibiting sulfation by chick embryo pelvis chondroitin also blocks
DNA synthesis. Figure 5 shows that 3
H-Thy incorporation decreases in the presence
of inhibitory serum in both the methods used.

Discussion.
Most somatomedin bioassays deal with the incorporation of radioactive sulfate
5) by the cartilage chondroitin. Serum sulfates would not present a problem in esti135
relative potency (R) if all sera contained the same sulfate concentration as the
standard. However, this is not the case. High serum concentrations can produce wide
variations in the inorganic sulfate pool of the incubation medium, and we showed
that in rabbit individual variations in serum sulfate concentrations could affect the R
estimation. Because constant amounts of
S are added to the medium, it is evident that
35
there will be an inverse relationship between the serum concentration and the specific radioactivity of the incubation medium. The importance of this parameter has
been emphasized by Daughaday et al. (1959) and more recently by Audhya and
Gibson (1974). Several authors attempted to overcome this problem in different ways.
Phillips et al. (1974) standardized the sulfate concentration present in the serum and
incubation medium. Schimpff and Donnadieu (1973) buffered the serum SO, differences by a bulk supplementation of inorganic sulfate to the incubation medium ;
however, in this case, the specific radioactivity decreased to very low values, inducing
a weak radioactive incorporation and finally a long counting time. A third solution is
to process the incorporation of the radioactive precursor during a post-incubation phase
without the presence of the serum (Salmon and Du Vall,1970a and b ; Van den Brande
and Du Caju, 1974). Under our experimental conditions, this solution totally eliminates the influence of the physiological variation of serum sulfates.

mating

are scarce on SM activity in growing animals. Recently, Stuart et al. (1976)
that
the SM activity found in rat by the costal rat assay, was measurable only
reported
at low levels until 11 days after birth and thereafter remained steady throughout life.
In pigs, a positive correlation between body length and serum SM-A activity has been
demonstrated (Lund-Larsen and Bakke, 1975). In young bulls, SM-A activity has been
correlated with the rate of weight gain and linear growth (Lund-Larsen et a/.,

Data

1977).
SM activity variations due to aging have been studied up to now mainly in humans.
A weak« sulfation factor» activity in newborn children was reported a long time ago
by several authors (Daughaday et al.,1959 ; Almquist and Rune, 1961 ; Chesley,1962 ;
Daughaday and Parker, 1963 ; Kogut et al., 1963). Using the pig cartilage assay,
Tato et al. (1975) found a weak SM activity up to 10 hrs after birth, then at 4 to 5 days
a peak equal to that of the adult which dropped to lower values during the following
days and months. These authors could not, therefore, demonstrate any inhibitory effect
in those sera of low SM activity. Using the same technique, Hintz et al. (1974b)
reported an average activity of 0.5 U/ml in cord plasma in 52 full-term newborns,
showing simultaneous weak SM activity and high GH concentration. By incorporation of
SO, in rat costal cartilage, Giordano et al. (1976) confirmed these results
35
in a group of 16 newborn babies.
With the chick embryo pelvis assay, Kastrup and Andersen (1975) reported a SM
activity of 0.7 U/ml in the full-term newborn and of 0.3 U/ml in premature babies.
These values stabilized after 6 days of age to the normal value of a 6-month old baby.
With the same technique, Pierson et al. (1976) reported weak SM activities in newborns less than 10 days old. Therefore, weak SM activity in humans from birth to the
next few days afterwards has been consistently reported in the literature. Although
low, the reported values are all positive, and up to now no negative value has been
reported in any species under normal biological conditions. This is the case of the
newborn rabbit in which negative SM activity induces weaker incorporation of radioactive precursor by the cartilage under the action of the serum than in the control

cartilage.
More elaborate techniques like the radio receptor assay only react to the stimulatory effect. By developing the RRA for SM-A, Takano et al. (1975) recently confirmed
that SM-A activity in children under 2 years old does not reach 50 p. 100 of adult
values. It is remarkable on the contrary that SM-B activity assayed by radioimmunoassay remains at the same level in human at one day, one week, one year and twenty
years of age. It only decreases at 40 years of age when it declines to one-half of the
value it had in the 20-year old (Hall et al., 1976).
At present, we do not know the exact nature of the inhibitory factor in newborn
rabbit serum. However, several hypotheses can be postulated. Non-esterified straight
chain fatty acids inhibit the protein synthesis mechanism only on SM-stimulated cartilage ; they have no effect on non-stimulated cartilage (Delcher et al., 1973). Nevertheless, since newborn rabbit serum induces lower S0
4 uptake than in the control, the
hypothesis of free fatty acid intervention is invalidated. A second hypothesis may concern prostaglandins A. Eisenbarth (1974) demonstrated the strong inhibitory effect
of these substances on sulfation with either stimulated or inactivated chick pelvis chondroitin. Thirdly, glucocorticosteroid action may be a possibility ; these substances

known as strong cartilage metabolism inhibitors, effective even at concentrations
utilized at SM assay (Eisenbarth, 1974).
Lastly, plasmatic factors of a proteic nature, which are thermolabile and destroyed by trypsin, have also been reported to inhibit in vitro cartilage metabolism (Salmon, 1972 ; Garland et al., 1972). However, heat suppression of the inhibitory power
of newborn rabbit serum is not a specific enough procedure to assign it to this category of proteic inhibitors.
Since the heat treatment brings about a strong diminution of serum SM activity,
a possible explanation could be that blood SM is protein-bound (Hintz, 1974a).When
C all proteins are precipitated and therefore, so is all the protein-bound
heated to 100 o
the
free SM remains in the liquid phase.
SM ; only
must underline that SM-A assay in mammals implicates the use of
we
Finally,
chick cartilage. It may be that newborn rabbit serum contains a factor inhibiting in
vitro sulfation by chick pelvis chondroitin, which does not necessarily inhibit mammal
cartilage and a fortiori rabbit cartilage. This point needs to be clarified.
are

Reunion

Groupe Développement INRAIProductions
Montpellier, 17-18 mai 1977.

animales

Résumé.

La méthode de Hall (1970) basée sur l’incorporation in vitro de 35504 dans le
pelvis d’embryon de poulet a été utilisée pour doser l’activité somatomédine A (SM-A) du
sérum de lapin. La concentration en S0
4 inorganique du sérum de lapin est relativement
élevée (1,5 mM). Par enrichissement de notre sérum standard avec de faibles quantités de
sulfate, d’ordre physiologique, nous montrons que l’effet perturbateur introduit est suffisant lorsque le sérum et le traceur sont simultanément en présence pour altérer l’estimation
de l’activité SM-A du sérum. Donc les variations plasmatiques individuelles de concentraen sulfate sont-elles aussi suffisantes pour entraîner une estimation erronée de l’activité SM-A. La séparation dans le temps de la phase de stimulation par le sérum et de la
phase d’incorporation radioactive (appelée post-incubation) permet d’éliminer cet inconvénient. L’utilisation de cette technique a permis l’estimation de l’activité SM-A chez le
lapin de la naissance à l’âge de 180 jours. De la naissance à 2 jours, les sérums sont inhibiteurs de l’incorporation de 35
4dans le cartilage pelvien. De 3 à 5 jours existe une
50
période de transition au-delà de laquelle les sérums deviennent stimulateurs. Entre 10 et
180 jours l’activité SM-A augmente lentement de 0,5 U/ml à 1 U/mi, avec une variabilité
individuelle élevée. Il est possible de supprimer par la chaleur le pouvoir inhibiteur des
sérums de lapin nouvenu-né ; mais un tel traitement réduit en même temps de 50 à 70 p. 100
l’activité SM-A.

tion
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