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Luteinizing hormone (LH) -releasing activ- 
ity and follicle-stimulating hormone (FSH) - 
releasing activity have been demonstrated 
in extracts of the pituitary stalk-median 
eminence (SME) area of the hypothalamus 
by means of in vivo and in vitro techniques. 
Recently, the active substances, LH-releasing 
hormone (LH-RH) and FSH-releasing hor- 
mone (FSH-RH) were obtained in highly 
purified form (1, 2).  

In contrast with the well-established effects 
of hypothalamic hormones on release of the 
gonadotropins, evidence for the existence of 
hypothalamic stimulation of synthesis of LH 
and FSH remains scanty. Evans and Nikito- 
vitch-Winer (3)  found that continuous infu- 
sion of median eminence extracts reactivated 
pituitaries autografted under the kidney cap- 
sule as determined by pituitary cytology and 
ovarian morphology. Corbin and Daniels (4) 
found that whereas a single injection of 
crude SME extract resulted in depletion of 
pituitary FSH, a properly timed second in- 
jection hastened the return of pituitary FSH 
stores to normal. Tima et al. ( 5 )  presented 
evidence for a hypothalamic stimulation of 
FSH synthesis not under the control of FSH- 
RH. Evidence indicating stimulation of syn- 
thesis of bioassayable LH and FSH by the 
respective hypothalamic hormones has been 
reported (6 ,  7)  under short-term in vitro 
conditions. The investigation, of which this 
paper is a part, was undertaken for the pur- 
pose of obtaining more definite evidence that 
the highly purified porcine LH-RH and 

1 Supported tin part by US. Public Health Service 
Grants AM-07467 and AM-09094 and NIH Fellow- 
ship AM20-07 1. 

FSH-RH stimulate synthesis as well as re- 
lease of LH and FSH. 

Materials and Methods. Tissue cultures of 
rat anterior pituitaries were carried out essen- 
tially as described previously (8). Female 
rats of the Sprague-Dawley Strain (Cheek- 
Jones Co., Houston, Texas), weighing 
100-150 g, were used as donors for cultured 
tissue. Each anterior pituitary was removed 
and cut into 4 to 6 explants, of approximate- 
ly equal size, with a scalpel. The cultures 
were performed in 3.5 x 1-cm sterile disposa- 
ble plastic petri dishes (Falcon Plastics, Inc.) 
each containing 3 ml of a medium consisting 
of 9 parts of medium 199 (Difco, Detroit) 
and one part of newborn calf serum (Micro- 
biological Associates, Bethesda, Maryland). 
Penicillin (25  U/ml) and streptomycin (25 
pg/ml) were added also. In  each dish, the 
explants were supported at  the gas-medium 
interface. An atmosphere of 95% oxygen and 
5 %  carbon dioxide and a temperature of 36' 
were maintained. 

Opposite sides of the same pituitaries 
provided matched control and experimental 
tissue preparations. The usual procedure was 
to maintain 16 female rat pituitaries in 4 
dishes for 5 days in each experiment. After 
the first 2 days, the medium was removed 
and discarded. Fresh medium was then added 
followed by addition of the LH-RH dis- 
solved in 1 to 2 pl of 0.1 M acetic acid. 

The LH-RH used was prepared from por- 
cine hypothalamic extracts by procedures in- 
cluding gel filtration on Sephadex, phenol ex- 
traction, chromatography and rechromatogra- 
phy on carboxymethyl cellulose, free-flow 
electrophoresis, and countercurrent distribu- 
tion ( 1, 2, 9). Three preparations of LH-RH 
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were used. AVS77-3No.300-319 and AVS77- 
3No.320-339 were virtually identical; AVS 
7-187No.380-400 was of higher purity and 
activity than the former two. This main LH- 
R H  fraction was active at  an iv dose of 
0.5 ng in rats. The other fractions used 
for the studies reported here required 10 
to 15 ng to release LH in rats after iv 
administration. These less potent LH-RH 
fractions were free of oxytocin and contained 
less than 0.14 pressor U/mg of vasopressin 
activity. They released FSH in vitro in a 
short-term system (2) a t  a dose of 1.0 pg as 
compared with a dose of 10-20 ng for the 
most highly purified FSH-RH. It is not clear 
whether this FSH-releasing activity is intrin- 
sic to porcine LH-RH (10) or is due to 
contamination with FSH-RH. Only one mi- 
nor contaminant was detected by thin-layer 
chromatography in AVS7-187No.380-400. 

Approximately 12 hr after the first change 
of medium and addition of LH-RH, media 
were removed and frozen. Fresh medium fol- 
lowed by LH-RH was again added; this pro- 
cess was repeated until 6 samples of medium 
representing the last 3 days of culture were 
obtained. Assays were done on pooled 3-day 

samples. At the end of the culture periods, 
viability of the tissues was confirmed by his- 
tological examination of 4 randomly chosen 
explmts in each control and each experimen- 
tal group. The remainder were frozen and 
later homogenized for assay. After culture, 
the mean anterior pituitary weight was 4.0 
mg. 

Medium and tissues were next assayed for 
LH by the radioimmunoassay method of 
Niswender et aZ. ( 11) using a cross-reaction 
with ovine NIH-LH-S14. The amount of LH 
was expressed in terms of NIH-LH-S14 which 
was obtained by direct reading on the stand- 
ard curve. lZ5I was used in our study instead 
of 1311, for labeling the hormone. 

Radioimmunoassays for rat FSH were car- 
ried out by the method of Parlow et d. (12) 
using NIAMD rat FSH-RP-1 as a reference 
material. According to Parlow et al. ( 12), the 
rat radioimmunoassay (RIA) procedure pro- 
duces estimates of FSH potency which are in 
excellent agreement with those obtained by 
the human chorionic gonadotropin (HCG) 
augmentation assay of Steelman and Pohley 
(13), under all conditions except for abnor- 
mally high ratios of LH/FSH thyrotropin/ 

TABLE I. Effects of Porcine LH-RH Preparations on Medium and Tissue LH Contents in Rat 
Pituitary Cultures. 

LH coutent (ng of NIH-LH-S,,/pituitary) 
by radioimmunoassay Total of 6 doses 

of LH-RH 
Exp. no. Treatment (pg/pituitary) Medium Tissue Total Increase 

1 Control - 
Stimulated 0.46" 

2 Control - 
Stimulated 1.25b 

3 Control - 

4 Control - 

5Ad Control - 

Stimulated 0.25" 

Stimulated 6.25" 

Stimulated 0.31" 

6 Tissue cultured for - 
2 days only - 

846 
2166 

682 
1925 

472 
1208 

440 
1705 

600 
2625 

1444 
468 

1006 
333 

1027 
445 

748 
165 

2152 
315 

730 
560 

2290 
2634 -t 344 

1688 
2258 +570 

1499 
1653 + 154 

1188 
1870 4-682 

2752 
2940 + 188 

~~ ~ 

a AVS7-187 NO. 380-400. 
AVS77-3 KO. 300-319. 
AVS77-3 NO. 320-329. 
5-day culture in Trowell's T8 medium witliout preculture ; dose divided into 10 parts. 
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FSH such as those encountered in partially 
purified fractions of rat pituitary glands. 

Bioassays for FSH followed the method of 
Steelman and Pohley (13). Fifty IU of hu- 
man chorionic gonadotropin per rat and 3 
assay rats per dose level were used. Mean 
potencies and 95% confidence limits for par- 
allel line assays were calculated according to 
program “A” of Ardouin and Fortier (14). 
When preparations were assayed at  one dose 
level only or program “A” was not valid, the 
95% “least significant difference” ( 15) was 
determined and converted graphically to pg 
of NIH-FSHS4 as noted in Table 11. 

Results. Release and synthesis of LH are 
shown in Table I in which radioimmunoas- 
say data from 5 experiments are presented. 
I n  each experiment, pituitary LH content 
was depleted in response to LH-RH and av- 
eraged only 29% of the controls after 3 days 
of exposure. Experimental medium contents 
averaged 324% of the controls and contained 
more LH than could be accounted for by 
the reduction in tissue content. The mean 
increase in total medium and tissue content 
was equivalent to 388 ng of NIH-LH-SI4 per 
pituitary. 

FSH release and synthesis are indicated by 
data from 5 experiments presented in Table 
11. In 4 of the 5 experiments, radioimmun- 
oassayable FSH in the pituitaries was de- 
pleted. After 3 days of chronic exposure the 
experimental explants contained only 61% of 
the mean control content. Experimental 
medium contents averaged 326% of the con- 
trols. The apparent synthesis was equivalent 
to a mean of 4.3 pg of highly purified rat 
FSH per pituitary. 

FSH bioassay results are also presented in 
Table 11. The hypothalamic preparations 
seemed to stimulate FSH release, but this 
was significant in only 2 experiments. Tissue 
FSH was barely detectable at the dose levels 
used; however, some synthesis of bioassaya- 
ble FSH apparently occurred also. Although 
there is stimulation of FSH release after ad- 
dition of FSH-RH, the actual stimulation may 
be much greater, since an unexpected insta- 
bility of the experimental (but not control) 
bioassayable FSH was discovered during 
these investigations (Mittler and Schally, un- 

published) . Association of proteolytic enzyme 
activity with certain pituitary storage gran- 
ules (16) is perhaps related to this pheno- 
menon. 

Discussion. The results reported in this 
paper indicate that highly purified porcine 
LH-RH can stimulate release and apparent 
synthesis of LH and FSH from the female 
rat anterior pituitary in organ culture. It is 
not yet clear whether FSH-releasing activity 
is intrinsic to porcine LH-RH or is due to 
contamination of our highly purified material 
with FSH-RH. The same preparations stim- 
ulated the release of LH and FSH acutely 
in vitro (9) and increased LH and FSH in 
plasma in humans (1 7). The net increases in 
gonadotropic activities in the experimental 
samples may be interpreted as indicating that 
separate synthesis-stimulating hypothalamic 
hormones may not be essential for sustained 
secretion of FSH and LH. The marked re- 
duction of gonadotropic acitvity in the stimu- 
lated tissues is compatible with a concept of 
hormone depletion as a direct stimulus for 
synthesis; however, our conditions may not 
be optimal. Effects of sex steroids, etc., on 
gonadotropin synthesis and release should be 
explored more thoroughly. 

Previously, Kobayashi et al. (18) reported 
use of monolayer cell cultures to obtain stim- 
ulation of synthesis of “total gonadotro- 
pins” in response to hypothalamic prepara- 
tions. Moszkowska et al. (7) and Jutisz et al. 
(6) reported stimulation of synthesis of LH 
and FSH using short-term in vitro systems 
and bioassays. Samli and Geschwind (19) 
failed to obtain a significant effect of crude 
hypothalamic extracts on incorporation of ra- 
dioactive leucine or glucosamine into LH in 
vitro. Studies are in progress in this laborato- 
ry to determine effects of pure LH-RH on 
incorporation of labeled amino acids into LH 
precipitated with specific antibodies and to 
find better experimental conditions for hy- 
pothalamic stimulation of release and synthe- 
sis in tissue cultures. 

Summary. Addition of microgram amounts 
of highly purified porcine LH-RH twice daily 
for 3 days to female rat anterior pituitaries 
in vitro significantly increased the quantities 
of LH and FSH released. Total LH and FSH 
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contents in stimulated tissue and medium 
exceeded those of controls as measured by 
radioimmunoassays for LH and FSH and by 
bioassay for FSH. 
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NIH-LH-SI~, and to Dr. G. D. Niswender for the 
rabbit anti-ovine LH serum. We wish to thank Dr. 
Claude Fortier for valuable mistance with the statis- 
tical calculations and for use of the Laval University 
computer facilities. 

1 Schally, A. V., Bowers, C. Y., White, W. F., and 
Cohen, A. T., Endocrinology 81, 77 (1967). 

2. Schally, A. V., Arimura, A., Bowers, C. Y., 
Kastin, A. J., Sawano, S., and Redding, T. W., Recent 
Progr. Horm. Res. 24,497 (1%8). 

3. Evans, J. S., and Nikitovitch-Winer, M. B., 
Neuroendocrinology 4,83 (1969). 

4. Corbin, A., and Daniels, E. L., Experientia 24, 
1260 (1968). 

5. Tima, L., Motta, M., and Martini, L., Program, 
51st Annu. Meeting, Endocrine SOC. 1969, 194. 

6. Jutisz, M., Berault, A., and De la Llosa, M. P., 
in “Pharmacology of Hormonal Polypeptides and 
Proteins” (N. Back, L. Martini, and R. Paoletti, 
eds.), p. 138. Plenum, New York (1968). 

7. Moszkowska, A., and Scemama, A., C. R. SOC. 
Biol. 158, 2032 (1964). 

8. Mgittler, J. C., and Meites, J., Proc. SOC. Exp. 
Biol. Med. 117, 309 (1964). 

9. Schally, A. V., discussion in “Hypophysiotropic 
Hormones of the Hypothalamus” (J. Meites, ed.). 
Williams and Wilkins, (Baltimore (1970). 

10. White, W. F., discussion in “Hypophysiotropic 
Hormones of the Hypothalamus” (J. Meites, ed.). 
Williams and Wilkins, Baltimore (1970). 

11. Niswender, G. D., Midgley, A. R., Jr., Monroe, 
S. E., Reichert, L. E., Jr., Proc. SOC. Exp. Biol. 
Med. 128,807 (1968). 

12. Parlow, A. F., Daane, T. A., and Schally, A. V., 
Program, 51st Annu. Meeting, Endocrine SOC. 
1969, 83. 

13. %eelman, S. L., and Pohley, F. M., Endocri- 
nology 53, 604 (1953). 

14. Ardouin, P., and Fortier, C., “Programmes For- 
tran pour Analyses Statistiques de Bioetallonages par 
Ordinateur Digital,” 134 pp. Presses Univ. Laval, 
Quebec (1964). 

15. Steel, R. G. D., and Torrie, J. H. “Principles 
and Procedures of Statistics,” pp. 106-107. McGraw- 
Hill, New York (1960). 

16. Tesar, J. T., Koenig, H., and Hughes, C., J. 
Cell Biol. 40, 225 (1969). 

17. Kastin, A. J., Schally, A. V., Gual, C., Midgley, 
A. R., Jr., Bowers, C. Y., and Diaz-Infante, A., Jr., 
J. Clin. End.ocrino1. Metab. 29, 1046 (1969). 

18. Kobayashi, T., Kigawa, T., Mizuno, M., and 
Amenomori, Y., Endocrinol. Jap. 10, 16 (1963). 

19. Samli, M. H., and Geschwind, I. I., Endocri- 
nology 81, 835 (1967). 

Received Dec. 3, 1969. P.S.E.B.M., 1970, Vol. 133. 




