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Abstract. To validate further the existence of a specific hypothalamic follicle stimulat-
ing hormone releasing factor (FSHRF), stalk-median eminence (SME) fragments from
sheep and whole hypothalami from male rats were purified by gel filtration on Seph-
adex G-25, and the gonadotropin-releasing activity on hemipituitaries of rats incu-
bated in vitro was determined by bioassay and compared with the radioimmunoas-
sayable luteinizing hormone releasing hormone (LHRH) and lamprey gonadotropin
releasing hormone (I-GnRH) activities in the fractions. The FSH-releasing fractions
eluted in the same sequence of tubes from the Sephadex column found earlier by in
vivo bioassay and were clearly separated from the inmunoassayable and bioassay-
able LHRH. The radioimmunoassay (RIA) for I-GnRH recognized equally I-GnRH-I and
-llt but had negligible cross-reactivity with LHRH. Fractionation of rat hypothalamic
extract by gel filtration on Sephadex G-25 revealed three peaks of I-GnRH determined
by RIA, all of which eluted prior to the peak of LHRH. Only the second peak had
FSH-releasing but not LH-releasing activity. To determine if this FSH-releasing activity
was caused by the presence of I-GnRH in the fraction, the pituitaries were incubated
with normal rabbit serum or the I-GnRH antiserum (1:1000), and the effect on the FSH-
and LH-releasing activity of the FSH-releasing fraction and the LH-releasing activity of
LHRH was determined. The antiserum had no effect on basal release of either FSH or
LH but eliminated the FSH-releasing activity of the active fraction without altering the
LH-releasing activity of LHRH. Since [-GnRH-I has little activity to release FSH or LH,
and its activity is nonselective, whereas previous experiments have shown that |-
GnRH-Ill highly selectively releases FSH with a potency equal to that of LHRH to
release LH, the results support the hypothesis that the FSH-releasing activity ob-
served in these experiments was caused by I-GnRH-lIl or a closely related peptide.
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hormone releasing hormone (LHRH) by gel filtration on
Sephadex G-25 in 1965 (2), and further purified by carbox-
ymethyl cellulose chromatography (3), the existence of
FSH-releasing factor (FSHRF) has remained controversial
(4-6). The existence of FSHRF and its separation from
luteinizing hormone-releasing hormone (LHRH) were con-
firmed in 1966 (7). With the determination of structure of
LHRH (8, 9), it was found to have intrinsic FSH-releasing
activity (5, 10, 11). Furthermore, Schally et al. were unable
to separate FSHRF from LHRH by gel filtration on Seph-
adex (12). Therefore, they concluded that a separate FSH-
releasing factor did not exist and changed the name of
LHRH to gonadotropin-releasing hormone (GnRH) (5).’
Because of discrepancies between bioassay and radio-
immunoassay (RIA) of gonadotropins, such as the presence
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in plasma of a bioactive LH that could not be detected by
RIA, we fractionated ovine stalk-median eminence (SME)
fragments on Sephadex G-25 and incubated the fractions
with hemianterior pituitaries of male rats assaying the me-
dium by the Steelman-Pohley bioassay and by RIA for FSH
and by RIA for LH. Fractions possessing FSH-releasing
activity distinct from those possessing LH-releasing activity
were identified by bioassay in the same elution position as
had been reported many years earlier (4); however, when
FSH released from hemipituitaries in vitro was monitored
by RIA, all FSH release from these fractions could be ac-
counted for by their LHRH content (4). In those experi-
ments, the extracts were incubated in a static system for 6 hr
that maximized the FSH-releasing activity of LHRH. We
concluded that a bioactive FSHRF was separable from
LHRH and that this bioactive FSH was not recognized by
the then current RIA (4). Since intravenous (iv) injection of
low doses of LHRH in the rat induced only LH release,
whereas FSH release was also stimulated by infusions of the
peptide (10), we subsequently fractionated another lot of
ovine SME fragments on Sephadex G-25 and tested frac-
tions off the Sephadex column for FSHRF using our origi-
nal assay for FSHRF, in which hypothalamic extracts were
pulse-injected into ovariectomized, estrogen progesterone-
blocked rats (1, 2). Using this assay, FSH-releasing activity
was obtained in the same sequence of fractions that
contained it in our previous experiments. These fractions
were essentially free of LHRH activity by both bio- and
immunoassay (13).

Since in vivo results could be related to not only an
action on the pituitary directly, but also a possible action in
the brain, in the present experiments, we reevaluated the
activity of hypothalamic extracts to release FSH and LH in
a modified hemipituitary incubation system in which the
extracts were incubated for 3 hr rather than the 6 hr used
previously. Here we report that gel filtration on Sephadex
G-25 of either sheep or rat hypothalamic extracts resulted in
the elution of fractions containing only FSH-releasing ac-
tivity in the same sequence of tubes found in all our previ-
ous work. Recently, we discovered that lamprey 1-GnRH-III
has highly potent selective FSH-releasing activity, an activ-
ity that was unique among some 30 LHRH analogs tested.
We believe that I-GnRH-III either is FSHRF or a closely
related molecule (14).

In this communication, we report that the active frac-
tion containing FSHREF is in a peak of immunoassayable
1-GnRH, and that a specific antiserum against I-GnRH com-
pletely blocked the FSH-releasing activity of the active frac-
tion providing further evidence that 1-GnRH-III either is
FSHREF or a closely related molecule.

Materials and Methods

Preparation of Hypothalamic Extracts. Sheep
hypothalamic tissues. About 1600 sheep stalk median
eminence fragments (SMEs) were collected at a slaughter
house from freshly sacrificed animals and immediately fro-
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zen on dry ice. These SMEs were kept at ~70°C and, sub-
sequently, homogenized in acetone/0.01 N HCI (80:20 V/V)
using a Polytron Homogenizer (Brinkmann Instruments,
Inc., Newbury, NY) and centrifuged at 2,000g for 15 min,
The supernatant was decanted, and the extraction was re-
peated on the residue twice. The three supernatants were
pooled, and the lipids were removed by repetitive (four
times) extraction with petroleum ether (40-60 B.P.). The
aqueous phase was concentrated by rotary evaporation and
lyophilized. The lyophilized extract obtained was dissolved
in 0.2 N acetic acid (15 ml) and centrifuged at 25,000¢ for
30 min to remove small amounts of insoluble materials. The
supernatant was applied to a Sephadex G-25 fine column
(4.5 x 150 cm, exclusion volume = 1060 ml), and 200
fractions (20 ml each) were collected. These fractions were
frozen at —70°C and aliquots (1 mi) from each fraction were
lyophilized and dissolved in 1 ml of buffer just prior to use,

Rat hypothalamic tissues. About 1000 pieces of rat
hypothalamic tissue were homogenized and extracted as de-
scribed above. The final extract was dissolved in 5 ml of 0.2
N acetic acid and applied to a smaller Sephadex G-25 col-
umn (2.8 x 160 cm, exclusion volume = 440 ml), and 5-m]
fractions were collected. Aliquots (1 ml) from each fraction
were lyophilized and dissolved in 1 ml of buffer just before
bioassay or RIA. Fractions were stored frozen at =70°C.

Bioassays for FSH and LH-Releasing Activity
In Vitro. Adult male rats (200-250 g) of the Sprague-
Dawley strain (Holtzmann, Madison, WI) were housed two
per cage under controlled conditions of temperature (23°C—
25°C) and lighting (on from 5:00 to 17:00 hr). The animals
had free access to a pellet diet and tap water.

After acclimatization for 7 or more days in the vi-
varium, animals were sacrificed by decapitation. Following
removal of the posterior lobe, the anterior pituitary (AP)
was bisected longitudinally, and each AP was incubated in
a tube containing 1 ml of Krebs-Ringer bicarbonate buffer
(KRB) in an atmosphere of 95% 0,/5% CO, in a Dubnoff
shaker (50 cycles/min) for a period of 60 min. After this
preincubation, APs were incubated for 3 hr in fresh KRB
buffer alone or KRB containing dissolved fractions of hy-
pothalamic extract of sheep (50 pl) or rat (150 pl). The
medium was then aspirated and stored frozen at —20°C unti]
radioimmunoassay of FSH and LH.

Immunoneutralization of FSHRF with I-GnRH
Antisera In Vitro. Fraction #116 of rat hypothalamic ex-
tract had selective FSH-releasing activity, suggesting that
this fraction contained FSHRF. This fraction (1 m1)}(20% of
#116) was lyophilized and dissolved in 1 ml of KRB prior
to incubation. Anterior pituitaries (APs) of male rats were
obtained and incubated as described above. Following a 1-hr
preincubation, APs were incubated for 3 hr in fresh KRB
buffer or KRB containing normal rabbit serum (NRS)(1:1000),
1-GnRH antiserum (1:1000), fraction #116 (150 pl) or fraction
#116 together with I-GnRH antiserum. The medium was ob-
tained and stored frozen until radicimmunoassay.



Radioimmunoassays. FSH and LH were measured
by kits supplied by the National Institute of Arthritis Di-
gestive Diabetes and Kidney Disease, and hormone values
were expressed as NIH-rFSH-RP-2 and NIH-rLH-RP-3
standards. The inter- and intra-assay coefficients of varia-
tion for FSH assays were 7.2% and 5.0%, respectively, and
6.4% and 4.5% for LH, respectively.

LHRH was measured by RIA as previously described
(15) using synthetic LHRH (Peninsula Laboratories, Bel-
mont, CA) as standard and a highly specific LHRH antise-
rum kindly donated by Dr. A. Barnea (University of Texas
Southwestern Medical Center, Dallas, TX). The minimal
detectable LHRH concentration was 0.2 pg/100 ul/tube.

Lamprey GnRH was measured as previously described
(16) using synthetic I-GnRH-III (American Peptide Com-
pany, Sunnyvale, CA) as standard and an antiserum raised
against 1-GnRH. This antiserum has 100% cross-reactivity
with 1-GnRH-I or 1-GnRH-IIT and only 0.02% cross-
reactivity with mammalian LHRH and no detectable cross-
reactivity with chicken GnRH-II or salmon GnRH
(< 0.001%). The minimal detectable 1-GnRH was 9.8 pg/
100 wl/tube.

Statistics. The significance of differences among
multiple groups was determined by the analysis of variance
(ANOVA) with subsequent Newman-Keuls multiple com-
parisons. Student’s ¢ test was used to determine the signifi-
cance of differences between two groups.

Results

Purification of FSHRF by Gel Filtration on
Sephadex G-25. In our initial experiments, we used
SME obtained from lambs, and the column fractions were
assayed for LHRH by RIA. This demonstrated a peak con-
centration of LHRH in Tube 110. The activity first appeared
in Tube 95 and was minimal until the upward slope began
at Tube 102 with a rapid rise to the peak concentration of
LHRH. The values declined rapidly beginning with Tube
114 to return to O at Tube 125 (Fig. 1). By bioassay, there
was no significant stimulation of LH release with any of the
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Figure 1. RIA of LHRH in column fractions of Sephadex-purified
sheep and rat hypothalami.

tubes tested up to Tube 104, just before the onset of the
rapid upswing of immunoassayable LHRH concentration
(Fig. 2). In fact, there was an inhibitory zone that extended
from Tube 98 to Tube 103. Significant inhibition was ob-
tained with Tubes 100, 102, and 103.

The results with FSH were quite different in that Frac-
tions 98 and 100 individually gave significant stimulatory
activity. If the data for Fractions 98-100 were pooled, the
overall activity of the three fractions was significant (P <
0.01). Activity declined to almost basal values until Fraction
104 that gave a significant stimulation of FSH (Fig. 2). As
a control, LHRH was tested at 2 and 20 ng/ml concentra-
tions, and it gave significant stimulation of both FSH and
LH (data not shown).

There were problems obtaining FSH-releasing factor
activity from sheep hypothalami, probably related to sea-
sonal variations in the abundance of FSHRF in lamb brains.
Indeed, collecting SMEs in late spring and summer, we
obtained specific FSH-releasing activity in the same elution
position as shown here on all six trips to the slaughterhouse.
On two occasions in late fall and winter, selective FSH
release was not obtained after gel filtration in Sephadex
G-25. Therefore, we decided to evaluate rat hypothalami.
We fractionated rat hypothalami on Sephadex three times
and found the FSH-releasing activity in every case from the
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Figure 2. FSH- and LH-releasing activity of fractions purified on
Sephadex G-25 from sheep SME extracts. In this and subsequent
figures, results are mean plus one standard error of the mean *P <
0.05; **P < 0.01; and ***P < 0.001 vs control KRB incubates (n =7
in each group).
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Sephadex column in the same position as the activity from
sheep SMEs. Because of the decreased weight of tissue
fractionated, we ran our initial experiment on a smaller
column of Sephadex G-25. The flow rate was adjusted to be
comparable in terms of elution position of GnRHs to that
obtained with sheep hypothalami. Indeed, LHRH eluted
from the column in a very similar pattern to that obtained
with sheep hypothalami, with the first detectable activity at
Tube 96 and a rapid upward slope beginning at Tube 103,
reaching peak concentrations between Tubes 107-112, fol-
lowed by a decline to undetectable levels reached at Tube
132 (Fig. 1). Interestingly, the quantity of LHRH recovered
from 1000 rat hypothalami was equal to 21% of that recov-
ered from the same number of sheep SME fragments. Since
the average weight of sheep SMEs was 150 mg and that of
rat SMEs was 1.5 mg, the concentration of LHRH in rat
SMEs was = 9 times greater than that in the sheep. Since the
sheep SMEs were dissected at the slaughterhouse, and rat
SMEs were similarly dissected freehand, undoubtedly these
fragments contained considerable tissue overlying the ME,
but the weights probably reflect the relative size of the SME
in the two species.

With the discovery of the potent FSH-releasing activity
of 1-GnRH-III (14), we decided to see whether the elution
position of FSHRF corresponded with that of immunoas-
sayable 1-GnRH in the fractions. Consequently, we fraction-
ated another 1000 rat hypothalami on Sephadex G-25 (Fig.
3). The FSH-releasing activity emerged in a single tube 116
(Fig. 4) that was devoid of significant LH-releasing activity
(Fig. 5). In the case of FSH and LH, there was no significant
activity on either LH or FSH release of higher numbered
fractions from 117 to 123 (Figs. 4 and 5), the latter being at
the beginning of the upsweep of immunoassayable LHRH
concentrations (Fig. 3).

The relevant fractions were assayed not only by immu-
noassay for LHRH but also by immunoassay for 1-GnRH.
To our surprise, the results revealed not one but three de-
tectable peaks of 1-GnRH (Fig. 3). The first of these peaks
was at Tube 108 that was removed from biological activity
on either FSH or LH in a number of previous experiments.

114 ——:mLHRH

—: GnRH
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Figure 3. RIA of m-LHRH and I-GnRH in column fractions of rat
hypothalami purified by gel filtration on Sephadex G-25.
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Figure 4. FSH-releasing activity of Sephadex purified rat hypotha-
lamic fractions. The lack of significant activity of LHRH (2 x 107® M)
is also shown, Only Tube 116 had significant FSH-releasing activity
(n =7 in KRB controls and n = 6 in all other groups).
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Figure 5. Lack of LH-releasing activity of the same fractions from rat
hypothalami purified by gel filtration on Sephadex G-25. The signifi-
cant activity of LHRH is shown (n =7 in KRB controls and n=6 in all
other groups).

This was followed by another peak of 1-GnRH emerging in
Tubes 115-117. As indicated above, bioassay of these three
tubes revealed no LH-releasing activity (Fig. 5). Significant
FSH-releasing activity was detected only in Tube 116 (Fig,
4). There was no FSH or LH releasing activity in the loca-
tion of the third peak at Tube 121. Proceeding higher from
this tube, I-GnRH immunoreactivity declined to a plateau at
Tube 123, that was maintained until Tube 130 that was
located on the rapid down slope of the curve of radioim-
munoassayable LHRH. Since the crossreactivity of this an-
tiserum with LHRH was only 0.02%, it appears that none of
these results can be accounted for by m-LHRH; however,
since the antiserum recognized 1-GnRH-I and III equally,
the activity detected by RIA could have been due to either
peptide or a mixture of the two.

1-GnRH-II was discovered but has not been character-
ized (17). It is possible that it might also crossreact with the
1-GnRH antiserum employed. The area under the curve of



1-GnRH was 112.35 ng fraction/ml, whereas that for LHRH
was 79.55 ng fraction/ml. Therefore, there was 1.41 times as
much immunoreactive I-GnRH as LHRH in rat SMEs,

Immunoneutralization of FSHRF. with Antisera
Against I1-GnRH. If I-GnRH-III is FSHREF, the activity
should be abolished by incubating it in the presence of
antisera against 1-GnRH. Indeed, incubation with the anti-
body used for RIA at a dilution of 1-1000 had no effect on
FSH release alone, but completely inactivated the FSH-
releasing activity in Tube 116 (Fig. 6). The antiserum had
no effect on basal LH release or the LH-releasing activity of
LHRH (Fig. 7).

Discussion

The results of this study clearly indicate that FSHRF is
active in vitro on incubated anterior pituitaries. Therefore, it
directly stimulates the release of FSH from the pituitary
gland. It can be purified from either rat or sheep hypo-
thalami. We do not know the reason why extracts obtained
from sheep were not always active. Examination of the
times when we collected sheep hypothalami suggests that
there was no activity demonstrable when we collected in
late fall and winter, but activity was demonstrable in spring
and summer (Yu WH, et al., unpublished data). Since most
of the lambs were born in early spring, this suggests that this
change may be due to a developmental change in the con-
tent of FSHRF present in sheep hypothalami. Further work
is necessary to determine if this is the cause of the problem.
In the meantime, we have been able to recover FSHRF from
three consecutive batches of rat hypothalami collected from
adult male rats.

We have recently shown that 1-GnRH-III is a potent
FSH-releasing factor with activity to release FSH in the

LH (ng/ml)

KRB NRS Ab LHRH LHRH
(1:10% (1:10%) (10* m) (10*m)
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Figure 6. The effect of antisera directed against I-GnRH (1:1000
dilution) on the FSH-releasing activity of Fraction #116 purified by gel
filtration on Sephadex G-25 of rat hypothalami. This is the same
fraction illustrated in Figure 4. The lack of effect of this antiserum on
the FSH-releasing activity of LHRH is also illustrated (n =7 in each
group).
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Figure 7. Lack of effect of antiserum directed against I-GnRH
(1:1000) on basal LH-release and the LH-releasing activity of LHRH
{2 x 107 M (n = 7 in each group).

same concentration range as that of LHRH to release LH
(14). In the present experiments, we showed that the FSH-
releasing fraction also contained immunoassayable 1-GnRH;
however, this was detected in a peak of three tubes, 115-
117, of which only one had detectable biological activity.

Furthermore, there was immunoassayable 1-GnRH in
an earlier fraction 108, presumably containing a larger mo-
lecular-weight form of 1-GnRH since Sephadex separates
peptides primarily according to molecular size with larger
molecules emerging in earlier tubes. This immunoassayable
activity might also be caused by 1-GnRH-I or the unchar-
acterized 1-GnRH-II. We did not bioassay these tubes for
FSH-releasing activity in this experiment, but comparable
tubes were devoid of biological activity in our previous
experiments with rat and sheep hypothalami. Therefore, we
postulate that this is a biologically inactive form of 1-GnRH
that was detected by the radioimmunoassay. In addition,
there was another peak at Tube 121, and a shoulder of this
peak persisted to Tube 130, the last tube assayed. This peak
was also inactive biologically and contained little or no
immunoassayable LHRH. Since our antibody recognized
1-GnRH-I and III equally, and 1-GnRH-I has only weak
activity to stimulate both FSH and LH (minimal effective
dose of 107°-107° M in vitro versus 10~ M for 1-GnRH-1II),
we postulate that this later peak may also represent either
1-GnRH-I or II. The shoulder, which overlaps the LHRH
peak, may also be this compound. It is hardly possible that
it could be LHRH since the crossreactivity with LHRH in
the assay for I-GnRH was only 0.02%.

Further evidence that FSHRF may be 1-GnRH-III was
provided by the immunoneutralization studies indicating
that the antisera used for immunoassay of I-GnRH, although
having no effect on basal release of FSH, completely oblit-
erated the FSH-releasing activity of the active fraction of
FSHREF. This antiserum did not affect basal LH release and
had no effect on the LH-releasing activity of LHRH. Fi-
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nally, using the same antiserum employed in these experi-
ments, we found by immunocytochemistry a 1-GnRH neu-
ronal system in the rat brain, with cell bodies in the preoptic
area in regions that are devoid of LHRH neurons and axons
that project to the ME (18). Lesions and stimulations of the
region just caudal to the I-GnRH neuronal perikarya con-
taining the axons of these neurons have previously been
shown to be associated with selective effects on FSH release
(19, 20).

In conclusion, the present results have established the
activity of FSHRF directly on the pituitary gland, shown
that it can be reproducibly separated from LHRH by gel
filtration on Sephadex G-25, that the active fraction con-
tained immunoassayable 1-GnRH, and that an antiserum
against 1-GnRH inhibited the FSH-releasing activity of pu-
rified FSHRF. Therefore, further evidence has been pro-
vided that FSHREF is either 1-GnRH-III or a closely related
peptide.
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