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Some sheep pineal factors other than melatonin are described. 
A “nonmelatonin” antigonadotropic activity has been detected by application of the 

inhibition of compensatory ovarian hypertrophy (COH) in unilaterahy ovariectomized adult 
Charles River CD-I mice. The factor has been extracted from sheep pineals under rather 
simple and mild experimental conditions. This antigonadotropic activity has been partially 
purified by gel filtration and ultratiltration and was localized on paper chromatograms and 
paper electropherograms. 

Inhibitory and stimulatory activities on the hypothalamic-hypophyseal system in vitro 
have been detected in sheep pineal fractions obtained after gel filtration and ultrafiltration. 

A substance with distinct fluorescence characteristics, which could not be detected in 
sheep cerebral cortex extracts and which differs from melatonin, has been isolated from a 
low molecular Sephadex G-25 fraction of an extract of sheep pineats. 

Reiter and Fraschini (1969) concluded 
in their review that relatively little is 
known about the influence of the pineal on 
the modulation of reproductive functions. 
The majority of evidence suggests that the 
pineal exerts its influence by altering hypo- 
physeal gonadotropin secretion. An inhibi- 
tory effect has been ascribed to melatonin 
(Wurtman et al., 1963), 5methoxytryp- 
tophol (McIsaac et al., 1964), and 5- 
hydroxytryptophol (Fraschini et al., 1968). 
Ebels et al. (1965) and Moszkowska and 
Ebels (197 1) have detected in two low 
molecular-weight Sephadex G-25 fractions 
F2 and F3, which were isolated from 
sheep pineals, an inhibiting and a stimu- 
lating effect on the follicle-stimulating 
activity of the anterior hypophysis of the 
male rat in vitro. The effects differ from 
those of melatonin, 5-methoxytryptophol, 
serotonin creatinine sulfate, and arginine 
vasotocin. In an in vivo bioassay (Sorren- 
tino and Benson (1970)) using the compen- 
satory growth of the remaining ovary after 
unilateral ovariectomy as an index, Benson 
et al. (1971, 1972) have shown that mela- 

tonin-free extracts of bovine pineals 
possess an antigonadotropic activity. 

In this paper the detection and partial 
purification of some pineal factors other 
than melatonin are presented. The purifi- 
cation was effected by gel filtration. 

MATERIALS AND METHODS 

Sheep pineah were collected by ERSCO, San 
Mateo, CA, in December 197 1, March 1972, De- 
cember 1972; sheep cerebral cortex in Paris in No- 
vember 1972. These tissues were frozen directly after 
death, shipped on dry ice, and preserved at -20°C. 

Extraction and Chromatography 

Hundred-gram quantities of sheep pineats were ho- 
mogenized with 100 ml of distilled water. The extrac- 
tion is carried out as described before (Ebels et al., 
1972, 1973). The residue is reextracted twice with 75 
ml of distilled water. The combined supernatant por- 
tions (230 ml) were applied to the Sephadex G-25 
column. 

Gel filtration has been carried out on Sephadex 
G-25 (Pharmacia, Uppsala, Sweden) columns 
(56 x 4.2 cm) with distilled water as the eluant (10 
ml/ 10 min/tube). 

The details for the localization of excitation and 
fluorescence maxima in the eluate have been de- 
scribed before (Balemans et a/., 1970, Ebels et al., 
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FIG. 1. Separation of an aqueous sheep pineal extract on a Sephadex G-25 column (56 x 4.2 cm) equili- 
brated, and eluted with distilled water. Relative fluorescence intensity (-); ninhydrin color without hydrolysis 
(---); ninhydrin color after alkaline hydrolysis (+ ; e = excitation; F = fluorescence. 

1972). An Aminco-Bowman spectrofluorometer 
(4-8203) was used. 

Column chromatography on Sephadex G-10 was 
carried out as described before in detail (Ebels et al., 

1973; Zurburg and Ebels, 1974). 
Ultrafiltration. Ultrafdtration of the low molecular- 

weight Sephadex G-25 fractions was performed in an 
Amicon heavy-duty cell, model 401-S (Amicon, Lex- 
ington, MA). Each Sephadex G-25 fraction was di- 
vided into a UM-2 residue, a UM-05 residue, and a 

UM-05 filtrate.’ For details see Ebels et al. (1973). 
Paper electrophoresis was carried out on Whatman 

3MM paper at pH 3.5 and 6.5; paper chromatography 
on Whatman 3MM paper in different solvents. For 

1 DiatIo membrane UM-2 generally partition mix- 
tures of solutes above and below the lOOO-MW 
range, and UM-05 will do the same above and below 
the 500-MW range. 

a=285 
4 f=360 
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TABLE 1 

COH-INHIBITING ACTIVITY IN CD-l MICE OF THE DIFFERENT FRACTIONS OBTAINED AFTER 
SEPARATION OF AN AQUEOUS SHEEP PINEAL EXTRACT ON SEPHADEX G-25 

Corresponding to Weight of the 
wet weight of fraction after 
sheep pineals lyophilization % COH” for the % COH for the 

Fraction (g) b-e) control animals test animals % Inhibition P valuer test 

Fl 
F2 
F3 

F4 

F5 
F6 

20 
20 
20 

100 

100 
100 

1034.27 
495.07 

12.01 

23.41 

16.85 
5.08 

65.1 + 9.7 
43.7 f 4.7 
43.7 * 4.7 

43.7 2 4.7 

43.7 2 4.7 
60.6 2 2.9 

65.7 k 7.3 P- ns. 
17.6 -+ 7.1 59.7 P < 0.01 
10.8 -c 5.4 75.3 P < 0.001 

40.0 + 5.4 8.5 ns. 
51.3 + 8.8 - n.s. 
66.1 + 7.0 - n.s. 

“% COH = mean value ? standard error of the mean value for seven or eight mice. 

details of these two techniques see Ebels et trl. 
(1973). 

Thin layer chromatography was carried out on 
plates of silica gel (DC-Fertigplatten, Kieselgel F254, 
20 X 5 cm and 20 X 20 cm from E. Merck A. G., 
Darmstadt, Germany). For details see Zurburg and 
Ebels (1974). 

Bioassays 

Compensatory ovarian hypertrophy. The use of 
inhibition of compensatory ovarian hypertrophy 
(COH) for the detection of antigonadotropic activity 
has been discussed in several studies. Animals of the 
same inbred strain of CD-l mice were utilized 
(Benson et a/., 197 1, 1972). For details of the method 
used in these studies see Ebels et al. (1973). 

Incubation experiments with mouse hypothalami. 

For the study of each pineal fraction six mouse hy- 
pothalami were incubated during 1.5 hr in a Krebs- 
Ringer solution at 37”C, aerated with 95% 0, and 
5% CO,, with a pineal fraction. Six mouse hypotha- 
lami without a pineal fraction served as a control. The 
incubation liquid was subsequently used for the in- 
cubation of three mouse anterior hypophysis during 3 
hr under the same experimental conditions to deter- 
mine the gonadotropin-releasing activity. Using this 
test it is also possible to evaluate the action of various 
pineal fractions on the hypothalamic-hypophysio- 
tropic activity by comparing the gonadotropin- 
releasing activity of hypothalami incubated alone and 
in the presence of the pineal fractions. For details of 
the method see Moszkowska et al. (1973); Citharel er 
a/. (1973). 

TABLE 2 
COH-INHIBI~NG ACTIVITY IN CD-l MICE OF THE AC~VE SEPHADEX G-25 FRACTIONS AFTER 

ULTRAFILTRATIONTHROUGHDIAFLOMEMBRANES 

Experi- 
ment 
no. Fraction 

Corresponding to Weight of the 
wet weight of fraction after % COH” for % COH for 
sheep pineals lyopbilization the control the test % Inhi- P value 

(9) (mg) animals animals bition t test 

I F3 
UM-2 residue 
UM-05 residue 
UM-05 filtrate 

II F2 
UM-05 residue 
UM-05 filtrate 
F3 
UM-05 residue 

III F2 

UM-05 residue 
F3 
UM-05 residue 

40 5.42 39.0 + 6.6 38.1 + 3.7 2.3 n.s. 
40 6.66 39.0 f 6.6 0.9 + 5.5 97.7 P < 0.001 

40 104.31 39.0 2 6.6 32.8 k 6.0 15.9 n.s. 

40 12.20 43.7 f 4.7 20.6 t 7.2 52.9 P < 0.02 

40 768.72 43.7 -c 4.7 51.2 f 9.1 - ns. 

40 1.95 43.7 2 4.7 0.8 f 8.5 98.1 P< 0.001 

40 11.74 69.9 + 4.3 51.9 f 8.1 25.7 n.s. 

40 2.90 69.9 2 4.3 10.7 f 5.0 84.7 PC 0.001 
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TABLE 3 

COH-INHIBITING ACTIVITY IN CD-l MICE OF DIFFERENT FRACTIONS OBTAINED AFTER 

SEPARATION OF ACTIVE ULTRAFILTRATE FRACTIONS ON SEPHADEX G-10 

Experi- 

malt 

Fractionapplied Fraction from 

to the Sephadex the Sephadex 

G-10 column G-10 column 

Eluation 

VOlUFlK 

(ml) 

Weight of the 

fraction after 

lyophilization 

(me) 

% COHa for 

the control 

animals 

% con for 

the test 

animals 

% Inhi- 

bitionof P value 
con f test 

I F3 

Uhf-OSresidue 

Fl 

F2 

F3 

F4 
F5 

o-35 0.49 
36-56 0.46 
57-161 6.26 

162-236 0.47 
237-387 2.72 

59.9 f 5.3 50.9 k 4.8 15.0 n.s 
59.9 + 5.3 31.6 k 7.1 47.2 P < 0.001 

59.9 + 5.3 30.1 2 4.0 49.7 P < 0.001 

59.9 2 5.3 60.4 + 4.6 - n.s. 
59.9 + 5.3 73.4 _f 9.3 - n.s. 

II F2 + F3 Fl O-21 0.40 60.4 -c 8.2 59.6 k 7.4 1.3 “3. 
UM-05 residue F2 22-51 0.40 60.4 + 8.2 56.0 ? 6.3 7.3 n.s. 

F3 52-68 0.15 60.4 + 8.2 20.7 t 4.1 65.1 P < 0.001 
F4 69-l 10 20.90 60.4 k 8.2 43.0 f 9.1 28.8 n.s. 
F5 1 I l-256 1.58 60.4 2 8.2 58.8 2 6.7 2.6 n.s. 

F6 257-417 0.77 60.4 k 8.2 60.9 + 7.3 - “3. 

Blue Dextran 2000 60-118 

N&l 119-138 

Melatonin 1700-2260 

a % COH = mean value ? standard error of the mean value for seven or eight mice. 

b n.s. = not significant 

RESULTS AND DISCUSSION 

A Nonmelatonin Antigonadotropic 
Activity in the COH Bioassay2 

After rather simple and mild aqueous 
extraction from sheep pineals a substance 
(s) with antigonadotropic activity has been 
partially purified by gel filtration on 
Sephadex G-25 (Fig. 1 and Table 1). 

Two low-molecular-weight Sephadex 
G-25 fractions F2 and F3 contain the an- 
tigonadotropic activity. These active Se- 
phadex G-25 fractions are ultrafiltrated 
through the Diaflo membranes UM-2 and 
UM-05. It was found that the UM-05 resi- 
due contains the substance(s) which 
inhibits COH in unilaterally ovariec- 
tomized mice (Table 2). When this active 
UM-05 residue was gel filtered on a Se- 

2 The experiments on the nonmelatonin anti- 

gonadotropic activity have been carried out in col- 

laboration with Dr. B. Benson and co-worker, during 

his sabbatical leave in our institute; present address: 

The University of Arizona, Arizona Medical Center, 

College of Medicine, Department of Anatomy, 

Tucson, AZ. 

phadex G-10 column, with distilled water 
as the eluant, an active fraction appeared 
long before melatonin. The column was 
tested with the latter compound (Table 3). 

The antigonadotropic activity was fur- 
ther localized by paper electrophoresis and 
paper chromatography (Tables 4, 5, 6). We 
can only speculate on the nature of the an- 
tigonadotropin and the class of compounds 
to which it belongs. As this antigonado- 
tropic activity is retained by the UM-05 
ultrafiltration membrane and passed by the 
UM-2 membrane, it may be that the active 
substance (s) has a molecular weight > 500 
and < 1000. Tryptic digestion of a similar 
active fraction destroyed the antigonado- 
tropic activity (Matthews and Benson, 
1973). Therefore, the active substance (s) 
may be a peptide or may contain a peptide 
moiety essential for activity. 

Bensinger et al. (1973) have isolated 
from bovine pineal glands a nonmelatonin 
lipophylic antigonadotropic factor also 
using the COH-inhibition model in mice 
for the detection of active fractions. These 
authors stated that the active principle is a 
small, nontryptophan-containing polypep- 



TABLE 4 
LOCALIZATIONOFPINEALANTIGONADOTROPICACTIVITYBY PAPER ELECTROPHORESIS 

Band of the strip 

Experiment No. From To % COH* % Inhibition P 

I El - 16.50 -8.75 104.9 + 19.1 - n.s.C 
E2 -8.75 -1.00 97.8 2 16.4 2.2 n.s. 
E3 -1.00 -0.25 47.0 -t 8.5 53.0 co.02 
E4 -0.25 +0.75 51.0 + 14.4 49.0 co.05 
E5 +0.75 +2.00 100.0 + 17.4 - n.s. 
E6 +2.00 +3.50 98.3 f  26.9 1.7 n.s. 
E7 +3.50 + 17.00 100.9 It 15.2 - ns. 

a Start = 0, - = cathode side; + = anode side. 
* % COH = mean value + standard error of the mean value for seven or eight mice expressed as a per- 

centage of the mean of an appropriate group of control mice treated with 0.9% NaCl. 
c n.s. = not significant at 5% level. 

TABLE 5 
LOCALIZATIONOFPINEALAN~G~NADOTROPICACTIVITYBYPAPERCHROMATOGRAPHY 

Solvent 

Distance 
from start to 

front, cm 

Band of the 
strip 

No. Cm” % COH” %Inhibition P 

n-Butanol-acetic 
acid-water 
4 : 1 : 5 (v/v/v) 

41.0 PC1 -0.5 + 0.5 92.5 + 14.3 7.5 n.s.c 

PC2 0.5 + 2.0 105.0 + 14.3 - ns. 
PC3 2.0 --, 5.0 85.6 + 33.7 14.4 n.s. 
PC4 5.0 + 8.0 90.0 f  29.4 10.0 n.s. 

PC5 8.0 + 9.0 66.3 Ii 17.4 33.7 n.s. 
PC6 9.0-, 11.0 19.8 + 23.4 80.2 co.01 
PC7 11.0 + 13.0 116.0 + 16.8 - n.s. 
PC8 13.04 15.0 100.0 2 13.2 - n.s. 

a -0.5 = O.Scmabovethe start. 

* % COH = mean value + standard error of the mean for seven or eight mice expressed as a percentage 
of the mean of an appropriate control group of mice treated with 0.9% NaCl. 

c n.s. = not significant at the 5.0% level. 

TABLE 6 
WEIGHTSAND Rf VALUESFORACTIVEPINEZALFRACTIONSLOCALIZEDBYPAPER 

CHROMATOGRAPHY 

Solvent 

n-Butanol-acetic acid-water 
4 : 1: 5 (v/v/v) phase upper 

n-Butanol-acetic acid-pyridine-water 
15 : 3 : 10: 12 (v/v/v/v) 

n-Butanol-pyridine-water 
6 : 4 : 3 (v/v/v) 

Tert. amylalcohol-pyridine-water 
7 : 7 : 6 (v/v/v) 

n-Butanol-acetic acid-water 
12 : 5 : 3 (v/v/v) 

Experiment 

I 
II 
I 

II 
I 

I 

I 

Weight of the 
applied UM-05 
residue (mg) 

5.10 
3.96 

11.52 
3.78 

11.67 

3.23 

14.20 

Weight of the 
eluted active 
fraction (mg) 

1.28 
1.67 
2.14 
1.72 
2.52 

0.80 

3.48 

Approximate 
Rf value 

0.24 
0.23 
0.26 
0.27 
0.16 

0.07 

0.39 
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tide. At the present time the identity of the 
ovine and the bovine COH-inhibiting 
activities are unproved. 

An Inhibiting and a Stimulating Activity 
of I/M-2 and UM-05 Residues 
on Mouse Hypothalami 
in incubation Experiments3 

Hypothalami incubated in the presence 
of UM-2 residues (UM-2R) showed a 
highly significant decrease in the secretion 
of hypophysiotropic hormones compared 
with the controls. In addition these hy- 
pothalami showed a certain decrease in the 
hypophysiotropic factors content (Fig. 2).3 
We can only define the molecular weight 
of the substances in UM-2R as being more 
than 1000. Hypothalami incubated with 
UM-05 residues (UM-OSR) showed an in- 
creased hypophysiotropic activity com- 
pared with control experiments (Fig. 3).3 It 
seems, therefore, that this factor, which 
stimulates hypothalamic activity, has a 
molecular weight > 500 and < 1000. Thus, 

13 _ 

0 
H+ H+ H+ H+ H+ H+ H+ H+ H+ H+ H+ H+ 
0 0266 0263 D265 0 0260 D263 D265 

0261 0264 D261 D264 

FIG. 2. Weights of the uterus of mice after injection 
of the incubation liquid (left) and extract (right) of 
mice hypothalamus incubated with and without a 
sheep pineal fraction UM-2R. D260, D261, D263, 
D264, D265 are the codes of five different Sephadex 
G-25 columns from which UM-2R fractions are pre- 
pared. H = hypothalamus; *P < 5%; **P < 1%. 

3 These in vitro experiments have been carried 
out in collaboration with Madame A. Kagan- 
Moszkowska and co-workers, Laboratoire d’His- 
tophysiologie du College de France, Paris, France. 

, Ovaries , Ovaries 

H+ H+ H+ H+ H+ H+ 
0 D263 D264 0 D263 0264 

FIG. 3. Weights of the ovaries of mice after injec- 
tion of the incubation liquid (left) and extract (right) 
of mouse hypothalamus incubated with and without a 
sheep pineal fraction UM-OSR. D263, D264 are the 
codes of two different Sephadex G-25 columns from 
which UM-OSR are prepared. *P < 5%; **P < 1%. 

we may conclude that sheep pineals con- 
tain active principles which differ from mel- 
atonin (MW 232) and which are capable 
of acting via the hypothalamus in vitro. 
For details on the activity of melatonin 
and other indoles on the hypothalamus see 
Moszkowska et al. (1973). 

A Substance with Special Fluorescence 
Characteristics lsolated from 
Sheep Pineal Fractions 

One of the low-molecular Sephadex 
G-25 fractions from an aqueous extract of 
sheep pineals and a comparable fraction of 
sheep cerebral cortex have been separated 
in parallel runs on Sephadex G-10. From 
both materials several distinct peaks are 
detectable, which show excitation and 
fluorescence maxima resembling those of 
indoles. However, in sheep pineal extracts 
one peak has been observed with a dif- 
ferent excitation and fluorescence max- 
imum which has not been observed in 
sheep cerebral cortex extract (Figs. 4 and 
5). Using two-dimensional thin-layer chro- 
matography, a substance designated A has 
been isolated and purified, showing excita- 
tion maxima at 298 nm and 358 nm and a 
fluorescence maximum at 440 nm (Fig. 6). 
Rf values of this substance A in seven dif- 
ferent solvent systems in thin layer chro- 
matography are presented (Table 6). In 
paper electrophoresis studies substance A 
moves slowly to the cathode at pH 3.5 and 
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FIG. 6. Excitation (---) and fluorescence (-) spec- 
trum of substance A in distilled water. 

pH 6.5. On the nature of substance A and 
the class of compounds to which it belongs 
we can only speculate. Ultrafiltration 
experiments have revealed that substance 
A can be detected in the UM-05 filtrate, 
which contains generally substances with 
molecular weights less than 500. Struc- 
tures which have excitation and fluores- 
cence maxima comparable to those of sub- 
stance A are, e.g., pteridines (Kidder and 
Deweij, 1968), norharman (in acid solution 
0.1 M H2S04) (Hess and Udenfriend, 
1959), harmaline (in alkaline solution) 
(Villeneuve and Sourkes, 1966). Experi- 
ments are in progress to characterize 
pineal substance A. The results of biologi- 
cal experiments in vitro with substance A 
will be published in the near future. 

CONCLUSION 

Pineal glands contain biologically active 
components which are definitely different 
from melatonin. 
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