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Gonadotropin-Releasing Hormone in Milk

Abstract. The hypothalamic hormone gonadotropin-releasing hormone (GnRH)
has been found in milk of man, cow, and rat. Radioimmunoassays of acidified milk
indicate concentrations of GnRH ranging between 0.1 and 3 nanograms per millili-
ter. Multistep extractions, followed by electrophoresis, reveal gonadotropin-releas-
ing activity in the fraction that comigrates with the GnRH-marker. A second hy-
pothalamic hormone, thyrotropin-releasing hormone, is present in milk at a much
lower concentration. **‘Milk-GnRH’’ may influence the secretion of the gonadotropic

hormones in neonates.

The gonadotropin-releasing hormone
(GnRH), which activates gonadal func-
tion by promoting gonadotropin secre-
tion from the anterior pituitary, is pres-
ent in minute amounts in the hypothala-

mus [approximately 100 ng and S ng in
human and rat, respectively (/)]. Mea-
surement of the peptide in the peripheral
circulation has presented many diffi-
culties (2) and only elaborate extrica-
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Table 1. Scheme of extraction of GnRH from milk.

Recovery
Step Brief description of 1 uc of
[*H]GnRH (%)
1 Lyophylized skim milk (4.5 liters) or 400 g of powdered milk was stirred with 3.5 liters of acetic acid (2N) in
methanol for 48 hours at room temperature 100
2 Filtration through Whatman No. 1 filter paper, evaporation of solvent under vacuum, and exfraction of residue
with 200 ml of acetic acid in methanol 99
3 Filtration, evaporation, and extraction in methanol (200 ml)
4 Filtration of suspension and evaporation. Residue redissolved in 250 ml of acetic acid (IN)
5 Three extractions with ether (discarded); acetic acid phase evaporated 98
6 Residue redissolved in 400 ml of water and ultrafiltrated through Amicon UM 05 membrane*
7 Residue (40 ml) lyophylized and redissolved in 10 ml of acetic acid in methanol 85
8 Electrophoresis of the material at pH 3.5 for 10 minutes at 10 volt/cm and 60 minutes at 60 volt/cm; extraction

of area containing radioactive GnRH marker with acetic acid (1N) and removal of solvent by evaporation under
reduced pressure 10

*Ultrafiltrate was processed like the residue through steps 7 and 8 and checked for TRH.

Table 2. Effect of milk-GnRH on gonadotropin secretion from rat pituitaries in vitro. Pituitaries
from 12-day-old male rats were incubated for 90 minutes in 1 ml of Krebs-Ringer bicarbonate
medium (pH 7.4) containing 1 mg of glucose per milliliter (/0) and the agents listed. Hormone
release was determined by bioassay (/7).

tions of plasma from the hypothalamo-
hypophyseal portal system of the rat
have yielded meaningful results: less
than 30 pg/ml on diestrus and 115 = 26
pg/ml on proestrus (3). We have sought

Hormone release (Vp;g/r;lil)r

. . . . Treatment
GnRH in other biological fluids such as reatmen LH FSH
spi Y ‘ d R
lc)f:r:lbros'gmz;ltﬂmg Wthh'WaS four; hto Control 0.42 = 0.04% 0.42 + 0.07
¢ devord of the hormoneé in normal - gy pihetic GnRH (1 ng) 2.97 = 0.15¢ 1.55 + 0.06%
man subjects—and in milk. Milk-GnRH (1 ng)$ 3.75 = 0.32t 2.76 = 0.191
GnRH was first detected in pasteur- Milk-GnRH plus antiserum§ 1.42 = 0.25| 0.83 +0.22|

ized cows’ milk previously acidified to
pH 3. Amounts measured by radio-
immunoassay ranged between 0.5 and 3
ng/ml. As serum proteins have been re-
ported to interfere with GnRH radio-
immunoassay (2), chemical identification
of the GnRH-like material was attempt-
ed.

Gonadotropin-releasing hormone la-
beled with tritiated pyroglutamate (1 uc,
New England Nuclear; 23.5 c¢/mmole)
was added to powdered milk (Four
Cows, Dutch Domo-Bedum, Beilen; 400
g, equivalent to 3 liters) or to pasteurized
skim milk (Tnuva; 4.5 liters), and GnRH
was extracted as shown in Table 1. The
area of the electrophoresis paper encom-
passing the radioactive GnRH marker
(Step 8) was extracted; its GnRH content
was determined by radioimmunoassay
and its gonadotropin-releasing activity
assessed by bioassay in vitro. Radio-
immunoassay of this electrophoretic
fraction indicated the presence of 670 ng
of GnRH. If one considers the 10 percent
recovery of the labeled hormone (Table
1) and the amount of starting material
(4.5 liters), this value corresponds to 1.5
ng of GnRH per milliter of milk; pow-
dered milk was found to contain a similar
amount of GnRH. ““Milk-GnRH"* pos-
sesses the inherent biological property of
the native hypothalamic hormone, that
is, induction of the release of follicle-
stimulating hormone (FSH) and lute-
inizing hormone (LH) (Table 2). More-
over, exposure to antiserum directed
against the synthetic peptide (¢) mark-
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*Mean * standard error for 12 to 20 determinations of LH and six of FSH.
tAs determined by radioimmunoassay after electrophoretic sep-

(P < .01) from control (Student’s ¢-test).
aration.
(P < .01) from milk-GnRH (Student’s ¢-test).

edly reduces the biological activity of
milk-GnRH, which denotes its immuno-
logical similarity to the native hormone.
A second hypothalamic peptide, thy-
rotropin-releasing hormone (TRH), is
present in milk at a much lower concen-
tration (approximately 1/20 of that of
GnRH), although the hypothalamus con-
tains as much TRH as GnRH (/).
Milk-GnRH may have a physiological
role in inducing the elevated gonadotro-
pin levels found in serums of human and
rat neonates (5). When suckling of fe-
male pups is prevented, by separating
them from their mothers for 3 hours, the
concentration of LH in their serum is sig-
nificantly lower than that of their suck-
ling littermates (34.4 = 2.9 as opposed to
125.0 = 24.7 ng/ml; P < .001). This sug-
gests that some of the milk-GnRH is ab-
sorbed from the gut of the immature rat
in a biologically active form. The as-
sumption that milk is the source of
this gonadotropin-releasing activity is
strengthened by the fact that in the rat, at
least, the neonate pituitary is not yet
functionally linked to the hypothalamic
source of GnRH (6). Furthermore, the
hypothalamus itself in this species un-
dergoes sex-differentiation only during
the first week of life, and milk-GnRH
may be involved in the masculinization
of the male hypothalamus by causing the

§Prior preincubation overnight with 20 ul of antiserum to GnRH.

+Significantly different
||Significantly different

release of testicular steroids which act
on the brain (7). In the female rat, the
ovary does not respond to gonadotropins
during the first week of life (8).

The presence of considerable amounts
of GnRH in milk raises not only the
question of its role there but also of its
origin. Somatostatin, a so-called hy-
pothalamic hormone, has been found al-
so in the pancreas and is assumed to be
synthesized there (9). The high concen-
tration of GnRH in milk, which greatly
exceeds that in serum, implies either an
active concentrating mechanism in the
mammary gland or an additional, ex-
trahypothalamic origin for this peptide.

TALLIE BARAM

YiTtzHAK KocH
Department of Hormone Research,
Weizmann Institute of Science,
Rehovot, Israel

EL1 HAzuM, MATI FRIDKIN

Department of Organic Chemistry,
Weizmann Institute of Science

References and Notes

. E. Okon and Y. Koch, Nature (London) 263,
345 (1976); Y. Koch and T. Baram, FEBS Lett.
67, 186 (1976).

2. L. E. Clemens, R. P. Kelch, M. Markovs, M. H.
Westhoff, W. C. Dermody, J. Clin. Endocrinol.
Metab. 41, 1058 (1975).

3. D. K. Sarkar, S. A. Chiappa, G. Fink, Nature

(London) 264, 461 (1976).

. Y. Koch, M. Wilchek, M. Fridkin, P.
Chobsieng, U. Zor, H. R. Lindner, Biochem.
Biophys. Res. Commun. 55, 616 (1973).

—

ES

301



5.

hd

J. S. D. Winter, C. Faiman, W. C. Hebron, A.
V. Prasad, F. 1. Reyes, J. Clin. Endocrinol. Me-
tab. 40, 545 (1975); K. D. Déhler and W.
Wuttke, Endocrmology 97, 898 (197

5).
. R. St. J Glydon, J - Anat. (London) 91, 237

(1957).

. R. W. Goy, in The Neurosciences, Second

Study Program, F. O. Schmidt, Ed. (Rocke-
feller Univ. Press, New York, 1970), pp. 196-
206.

. S. A. Lamprecht, F. Kohen, J. Ausher, U. Zor,

H. R. Lindner, J. Endocrinol 68, 343 (1976).
M. P. Dubois, Proc. Natl. Acad. Sci. U.S.A. 72,
1340 (1975).

302

10.

11.

Y. Koch, R. Meidan, P. Chobsieng, Z. Naor, J.
Reprod. Fertil. 50, 347 (1977).

The release of LH and FSH was determined by
radioimmunoassay, with kits provided by the
National Institute of Arthritis, Metabolism and
Digestive Diseases Rat Pituitary Hormone Pro-
gram. Results are expressed in terms of the RP-1
reference preparations.

. We thank H. R. Lindner for reviewing this re-

port. Supponed byag'a.nt (to H. R. Lindner) of
the Ford Fq and the Population Council
Inc., New York.

30 March 1977; revised 6 May 1977

SCIENCE, VOL. 198





