
Origin of anti-M\l=u"\llerianhormone in bovine freemartin
fetuses

B. Vigier, D. Tran, L. Legeai, Jacqueline B\l=e'\zardand Nathalie Josso
Unité de Recherches de Génétique Médicale (INSERM), Hôpital Enfants Malades, 75743 Paris
cedex 15, and *Institut National de la Recherche Agronomique, Nouzilly, 37380 Monnaie, France

Summary. The origin of AMH responsible for M\l=u"\llerianduct regression in bovine
freemartins has been reinvestigated, using a sensitive RIA for this hormone. Between
50 and 80 days, M\l=u"\llerianduct regression occurs simultaneously in males and
freemartins. Both twins exhibited high and positively correlated serum AMH
concentrations, whereas gonadal in-vitro production of AMH and biological anti\x=req-\
M\l=u"\llerianactivity were detectable at a low level only in 2 out of 13 freemartins. In the
gonads of approximately half the freemartins after 80 days, seminiferous tubules
differentiated and the gonads produced AMH, but the output was very low compared
to that of the male twin. These data suggest that regression of M\l=u"\llerianduct in
freemartins is essentially mediated by AMH produced by the testes of the male twin.

Introduction
Anti-Müllerian hormone (AMH), a glycoprotein dimer (Picard, Tran & Josso, 1978) produced by
Sertoli cells (Blanchard & Josso, 1974; Tran & Josso, 1982), is responsible for regression of the
Miillerian ducts in male fetuses (Jost, 1947). Miillerian duct regression occurs simultaneously in
male and female bovine twins, when these are united by chorionic vascular anastomoses, as is the
rule in multiple pregnancies in bovids. The female product of such gestations, the sterile freemartin
heifer, has been known to cattle farmers for centuries (Hunter, 1779). According to the hormonal
theory favoured by Lillie (1917), a circulating hormone (i.e. AMH), produced by the fetal male and
transferred to the female twin via the placenta, is responsible for the inhibition of the development
of the Miillerian ducts and for the stunting and secondary masculinization of her gonads. This
hypothesis is opposed by the short range of effectiveness of AMH demonstrated by Jost's (1947)
classical experiments in the fetal rabbit, and by the inability of the testis of human lateral true
hermaphrodites to induce regression of the contralateral Miillerian duct (Van Niekerk, 1976). This
contradiction can be resolved by assuming that extensive dissemination of AMH is a peculiarity of
cattle (Ohno, 1979).

As an alternative to the hormonal theory outlined above, the possibility that the freemartin's
own gonads participate in the regression of her own Miillerian ducts has been considered (Lillie,
1917; Witscht, 1939; Jost, Vigier & Prépin, 1972; Vigier, Picard, Bézard & Josso, 1981).
Morphological masculinization of freemartin gonads, indicated by the appearance of seminiferous
tubules, is a relatively late event (Jost, Vigier, Prépin & Perehellet, 1973) but may be preceded by
signs of functional virilization, such as testosterone production (Shore & Shemesh, 1981) or anti-
Miillerian activity (Vigier et al., 1981 ). The application ofmonoclonal antibody-derived technology
(Vigier, Legeai, Picard & Josso, 1982; Tran & Josso, 1982) to the study of AMH has led us to

reinvestigate the cause of Miillerian regression in the freemartin fetus.
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Materials and Methods

Bovine material

Nine heterosexual litters <80 days of gestation were obtained by superovulation (Mauléon.
Mariana, Benoit, Solari & Chupín, 1970) or blastocyst transfer (Renard, Ozil & Heyman, 1981)
from the Institut National de la Recherche Agronomique at Nouzilly and Jouy en Josas; the
gestational age was known exactly. Five litters were composed of 1 male and 1 female, two of 1 male
and 2 females, and two of 3 males and 2 females. The presence of vascular anastomoses between the
fetuses was checked routinely. Freemartin effects upon ovaries and Miillerian ducts were

detectable in fetuses over 51 days. Fifteen heterosexual pairs of twins between 80 and 166 days were
obtained from the Rouen slaughterhouse; their gestational age was estimated from their crown-
rump length (Maneely, 1952). Inhibition of ovarian and Miillerian growth was evident in all
females; in addition, 4 showed slight virilization of the external genitalia. Male and female
singletons were obtained from the INRA or the Rouen slaughterhouse.

AMH radioimmunoassay
AMH was measured by RIA as previously described (Vigier et al., 1982) in fetal serum and in

incubation media in which fragments of gonadal tissue has been maintained for 24 h (Vigier, Tran,
du Mesnil du Buisson, Heyman & Josso, 1983). Culture medium consisted of Eagle's MEM, with
10% bovine female fetal serum added. Results are expressed as mU AMH per ml serum or released
per mg gonadal tissue. One unit of AMH is the amount released by 1 g of fetal testicular tissue
incubated in vitro over 4 h. The RIA measures AMH concentrations as low as 0-1-0-2mU/ml, with
a between-assay variability under 5%, validated for values between 2 and 60 mU/ml.

AMH immunocytochemistry
Freemartin gonads were treated immunocytochemically for AMH by the method previously

described for bovine testicular tissue (Tran & Josso, 1982), except that the fixative described by
McLean & Nakane (1974) was employed and an avidin-biotin method (Hsu, Raine & Fanger,
1981) was substituted for the immunoperoxidase technique.

Bioassay for AMH and histology in freemartin gonads
Bioassay for AMH was performed according to Picon (1969) using Miillerian ducts from 14-5-

day-old fetal rats as the target organ. Assessment of the degree of regression of Miillerian ducts
exposed for 3 days in organ culture to gonadal tissue was performed as previously described (Josso,
Forest & Picard, 1975). Because of the limited amount of tissue available, gonadal fragments were

first maintained for 24 h in culture medium, to allow assay of the AMH released, and then
associated with fetal rat reproductive tracts. At the end of the culture period, the expiants were

serially sectioned and gonadal tissue from freemartins was carefully examined for the presence of
seminiferous tubules.

Results

Serum AMH concentrations

Serum AMH was measured by RIA in freemartins and their male twins, and also in male and
female singletons. Individual results are shown in Text-fig. 1(a) and Table 1, and mean values
according to age, sex and pregnancy status in Table 2. From 50 to 110 days, male and freemartin
fetuses exhibited high serum AMH concentrations. Individual variations were wide, but, within
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Text-fig. 1. Concentrations of AMH in the serum of bovine fetuses (a), and the production of
AMH by gonadal fragments incubated in vitro over 24 h (b). *Value calculated using the
calibration curve beyond the limit of its published validation.
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Text-fig. 2. Relationship between serum AMH concentration in freemartins and their male
twins: y= 1-045 x- 1-3 (r = 0-969).
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Table 1. Serum and gonadal AMH in freemartin fetuses

Freemartins

Age

Gonad

Litter (days p.c.) Fetus (mU/ml) tubules

Histology Anti-Mullerian activity
-

(no. of rat reproductive tracts
Immuno- In-vitro production with Miillerian regression)

reaction for of AMH-
AMH (mU/mg tissue) Complete Incomplete None

-

Serum
AMH cone. Seminiferous

N12t

Nil
N15
N23t

 14}

N08Î

N24
 22
R21
R04
R37
R17
R40
R42
R06
R12
R43
R45
R32
R41
R44
R47
R23
R36

49

49
51
51

55

61

61
69
80
95
100
110
110
110
130
130
135
135
150
150
150
150
160
165

42-7
18-7

31-7
9-7

7-5
7-8
191
30-7

11-2
8-9

7-7
5-6
9-9

+
+ +

+ +

+ +

+ +

ND
ND

ND
ND
ND
ND
ND

0-2*
ND

0-5

01«

0-9

ND
ND
ND

ND

4
5
0
2
1
4
2
4
4
2
5
4
1
4
4

0
5
5
5
5
6

N, obtained from Nouzilly (INRA), age known exactly; R, obtained from Rouen slaughterhouse, age deduced
from crown-rump length; ND, not detectable.

* Value calculated using the calibration curve beyond the limits of its published validation.
t Quintuplets (3 males).
I Triplets (1 male).

each litter, a positive correlation (r = 0-97) was demonstrated between values in twins of either sex
(Text-fig. 2). However, the presence of seminiferous tubules within the gonads of a freemartin had
no apparent relationship to the concentration of AMH in its serum (Text-fig. la).

In-vitro production ofAMH by gonadal tissue
The production of AMH by fragments of testicular and ovarian tissue cultured for 24 h was

measured by RIA. Individual results are shown in Text-fig. 1(b) and Table 1; mean results
according to age, sex and pregnancy status are presented in Table 2. Fetal testes of singletons and
twins to freemartins produced large amounts ofAMH between 50 and 65 days, the amount ofAMH
produced per unit weight decreasing slightly in the later stages of pregnancy. However, AMH
production by freemartin gonads could be detected only in 1 culture out of 9 before 80 days, and in 3
out of 7 cultures after 80 days. In 2 of the latter, AMH production was associated with the presence
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PLATE 1

Immunocytochemical localization of AMH in the gonad of a 135-day-old freemartin (R43 F2).
Immunoreactive AMH is located within the few seminiferous cords present in the gonad.
Cryostat sections (10 µ  ), avidin-biotin peroxidase technique;  500.

(Facing p. 476)
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Table 2. Serum and testicular AMH in bovine fetuses according to their age, sex and gestational status

Fetuses

Age Gestational No.
(days p.c.) status studied

Serum AMH
cone.

(mU/ml)

Gonad

In-vitro production
of AMH

(mU/mg tissue)

Anti-Miillerian activity
(no. of rat reproductive tracts with

Miillerian regression)

Complete Incomplete None

49-80* Male singletons
Male twins
Freemartins
Females

11
13
13
6

14-68 + 8-54
23-14+12-16
25-70+14-50

0

2-80 + 0-90
2-78+1-18

0-0-2
0

43
0

0
31

31-166t Male singletons 14 11-50+ 5-14
Male twins 15 12-30+ 8-72
Freemartins 15 11-66 + 7-64
Females 6 0

2-06 + 0-i
0-0-9
0

12
1

36
19

2
54

Values are mean + s.d.
* Fetuses obtained from INRA; age known exactly.
t Fetuses obtained from Rouen slaughterhouse; age calculated.

of seminiferous tubules within the gonad. The amount of AMH produced by gonadal tissue of
freemartins, irrespective of their age, was always low, in 2 cases barely detectable, and could never

be compared with the level of AMH production by testicular tissue. No AMH production by
ovarian tissue of normal females could be demonstrated at any age.

AMH immunocytochemistry

Only the results obtained for freemartins are reported (Table 1) since those pertaining to normal
bovine fetuses of both sexes have been published previously (Tran & Josso, 1982; Vigier et al.,
1983). Gonads from 11 freemartins were studied by this technique, but only one contained
seminiferous tubules which stained positively for AMH (Plate 1).

Anti-Müllerian activity

Bioassay for anti-Miillerian activity was carried out with gonadal tissue from males and
freemartins from 22 heterosexual litters, the data for 6 of which have been previously published
(Vigier et ai, 1981). The results are shown in Table 1 for freemartins and their male twins in Table
2. The level of biological anti-Miillerian activity was highest in males under 80 days, and slightly
lower in older ones. Slight anti-Miillerian activity was exhibited by the gonads of 2 out of 11
freemartins between 49 and 80 days, and by those of 5 out of 14 older ones, all of which contained
seminiferous tubules.

Discussion

Our results indicate that serum AMH in freemartins is constantly elevated and closely correlated
with the level observed in the male twin, the acme coinciding with the period of physiological
Miillerian regression in the normal male fetus and in freemartins (Jost et ai, 1972), i.e. 50 to 80 days
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of gestation. During that period, testes actively produce AMH, but freemartin gonads only rarely
and in limited amounts. At first glance, production ofAMH by young freemartin gonads in which
seminiferous tubules have not yet appeared may seem surprising, since in the normal testis Sertoli
cells begin to produce AMH at the time they organize into seminiferous tubules (Tran, Meusy-
Dessolle & Josso, 1977). However, experimental dissociation between the 2 maturational events
has been demonstrated (Magre, Jost & Valentino, 1982), and could also explain the exceptional
cases in which AMH production by the freemartin gonad precedes the appearance of organized
seminiferous tubules.

After 80 days, evidence for AMH production by the freemartin gonad was obtained in
approximately half the cases studied, and was usually associated with the presence of seminiferous
tubules. Differentiation of seminiferous tubules within the freemartin gonad has been successively
attributed to the presence of XY cells in the gonadal primordium (Ohno, Christian, Wachtel &
Koo, 1976) or to passage ofH-Y antigen from the male to the female twin (Wachtel, Hall, Müller &
Chaganti, 1980). The amount of AMH produced by the seminiferous tubules scattered within the
freemartin gonad is negligible compared to the amount released by the testis of the male twin, and
does not significantly increase serum AMH in these animals.

In a previous study (Vigier et al., 1981), we had questioned the testicular origin of the AMH
responsible for Miillerian regression in the freemartin because of our failure, in most cases, to
extract anti-Miillerian activity from the serum of freemartins or their male twins. Using a more

reliable and sensitive method, we have now demonstrated the presence of circulating AMH at
similar concentrations in the serum of twins of both sexes, and have shown that at the time of
physiological regression ofMiillerian ducts, the freemartin gonad produces AMH only rarely and in
minute amounts.

These results may therefore be taken as confirmation of the classical 'hormonal theory',
regarding the regression of Miillerian derivatives in freemartin fetuses. Whether the same product
is also responsible for ovarian stunting, an event chronologically and quantitatively correlated with
Miillerian regression (Jost et al., 1972), remains to be determined. Interruption of placental
anastomoses between the male and the female twin before 45 days of gestation prevents Miillerian
regression and ovarian stunting in the female (Vigier, Prépin & Jost, 1976), but this does not prove
that the same substance is involved in both effects. Wachtel et al. (1980) have presented evidence
for circulating H-Y antigen in the freemartin and have postulated that H-Y antigen of testicular
origin is responsible for the masculinization of its ovary. However, Wachtel et al. (1980) did not
state whether this explanation applies only to the active phase of masculinization, i.e. the
morphological and functional differentiation ofSertoli cells which occurs in approximately half the
freemartins over 80 days (Jost et al., 1973), or whether H-Y antigen also bears responsibility for the
initial stunting and germ cell death which always affect the ovary of the female twin. Further work
is also needed to understand why the serum AMH concentration is similar in male singletons and in
male twins to freemartins. Obviously, the volume of distribution for the AMH produced by the
testes of male twins is much larger, while testicular weight (Jost et al., 1972) and testicular AMH
production do not appear to vary according to pregnancy status. Study of the regulation of AMH
secretion by fetal Sertoli cells may resolve this apparent contradiction.

We thank D. Chupín, Y. Heyman, P. Chesné, V. Gamier of the Institut National de la
Recherche Agronomique at Nouzilly and Jouy en Josas, and M. Lahure of the slaughterhouse at

Rouen for the calf fetuses; A. Simon and V. Ravet for histological sections; and A. Ardouin-
Dumazet for typing the manuscript.
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