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Melanocyte-stimulating hormone (MSH) 
secretion is known to be under the control of 
the nervous system; MSH-R-IF, an agent 
present in hypothalamic extracts, inhibits the 
release of MSH. This substance is formed 
by enzymatic degradation of oxytocin (1) 
and the enzyme is located in the hypothala- 
mus and attached to the microsomal fraction. 
The oxytocin fragment L-prolyl-L-leucyl 
glycinamide, was identified as the product 
capable of inhibiting the release of MSH 
(2), and this tripeptide was also found to be 
present in hypothalamic extracts (3) .  The 
influence of estradiol benzoate (EB) on the 
activity of this enzyme is now reported since 
previous work had shown that estrogen 
affects MSH secretion (4). These results 
have been previously presented in abstract 
form (5 ) .  

Material and Methods. Male and female 
rats from our own colony were used as a 
source of hypothalamic tissue. The animals 
were maintained under controlled lighting 
(lights on from 5:OO AM to 7 PM and 
provided food and water ad tibiturn. 

Stalk-median eminence (SME) was ob- 
tained from animals in the following condi- 
tions: (a) Intact female rats in estrus. (b) 
Rats ovariectomized at  1 month of age were 
used 2-3 weeks after the operation. (c) 
Ovariectomized rats injected subcutaneously 
with a single dose of 10 pg of estradiol ben- 
zoate (EB) and killed 24 hr later. (d)  
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Ovariectomized EB-primed rats treated with 
cycloheximide (70 pg/lOO g body weight ip) 
or with actinomycin D (25 &lo0 g body 
weight ip) 1 hr before the administration of 
EB and killed 24 hr later. (e) Male rats 
treated with cycloheximide or actinomycin 
D. The SME's were homogenized in 0.25 M 
sucrose (0.2 ml per SME) and centrifuged at 
17,OOOg. Different amounts of supernatant 
were incubated with 150 mU of oxytocin in 
phosphate buffer a t  pH 7.0 during 2.5 hr. 
The reaction was stopped by heat treatment 
for 5 min. The MSH-R-IF formed during the 
incubation was assayed by the capacity of 
the incubation mixture to block the dep1etio.n 
of pituitary MSH induced by the injection 
of an acidic extract of SME from male rats. 
Consequently, the incubates were mixed with 
an acidic extract of SME from male rat 
equivalent to two hypothalami and an aliquot 
was injected into the jugular vein in each of 
two male rats. The animals were killed 20 
min later and the pituitaries removed, 
pooled, weighed, and homogenized in distilled 
water ( 5  mg/ml). The MSH content in the 
pooled glands was measured by an in vitro 
assay ( 6 ) .  The activity of MSH in each 
group injected with the extracts was com- 
pared with that of a standard of tiwo pooled 
glands from male rats injected with the 
solvent. Potency and confidence limits were 
calculated according to accepted statistical 
methods ( 7 ) .  

Results. SME extracts from female rats a t  
estrus when incubated with oxytocin yielded 
MSH-R-IF in 
the depletion 
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an amount sufficient to inhibit 
of pituitary MSH content in- 

Copyright @ 1974 hy the Snciety for Experimental Biology a.nd Medicine 
All rights reserved. 

Printed in U . S . A .  



MSH-R-IF-FORMING ENZYME 1 43 

TABLE I. Effect of Estrogen on  the Activity of the 
Hypothalamic Enzyme Which Forms MSH-R-IF. 

Decrease in pituitary 
M S H  concentration 

in recipient rats 
incubated (percent of control)b 

Source of SME" 

Rats a t  estrous 
Ovariectomized rats 46.5 (31.3-59.2)6/ 
Ovariectomized-EB- 11.9 (4.2-23.7)' 

1.9 (- 12.2-7.8)' 

treated rats 
- MSH-RF 45.0 (35.-52.7) 

"An equivalent of three SME was incubated in each 

bMeans (95 yo limits) of three experiments. 
'Significantly different from MSH-RF group. 

group. 

duced by the injection of MSH-releasing fac- 
tor (MSH-RF) (Table I ) .  On the contrary, 
extracts of SME obtained from ovariecto- 
mized rats failed to affect this depletion. EB 
(10 pg)  was able to reverse the effect of 
ovariectomy on the activity of the SME ex- 
tracts. 

To quantify the increase in activity of 
SME extracts after EB treatment, different 
amounts of SME were incubated with oxyto- 
cin and the the product tested for MSH-R- 

IF. Although incubation of the equivalent of 
five SME from ovariectomized rats formed no 
detectable MSH-R-IF, an equivalent of 
three SME from the EB-treated animals pro- 
duced enough MSH-R-IF to block complete- 
ly the effect of MSH-RF. Equivalents of one 
or one-half SME, although not as active as 
three SME, also yielded MSH-R-IF which 
was effectively detected by the assay miethod 
(Fig. 1 ) .  

Cycloheximid(e prevented the increase in 
enzyme activity resulting from EB injection 
since the activity in three SME was insuffi- 
cient to produce detectable amounts of MSH- 
R-IF (Table 11). Actinomycin D had a simi- 
lar effect although i t  was less active than 
cycloheximide since the amount of enzyme 
present in three SME frlom treated rats was 
still enough to produce MSH-R-IF, but that 
in two SME was insufficient. 

Three SME of male rats incubated with 
oxytocin formed sufficient amounts of MSH- 
R-IF to prevent the depletion of pituitary 
MSH by the injection of MSH-RF, but three 
SME from animals treated 24 hr before with 
cycloheximide or actinomycin D failed to 
produce this effect (Table 11). 
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FIG. 1.  Difference in the SIME content of the enzyme which forms MSIH-R-IF between 

ovariectomized and ovariectomized-EB- treated rats The hlorizontal line (indicates depleti'oin of 
pituitary MSH induced by the !injection of MSH-RF and the striped area is ithe 95% limits. 
The bars are the mean values of two experiments showing inhibition of the MSH-RF effect 
by (the MSlH-R-IF formed upon the incubation of different amounts of SME equlivalents from 
ovariectomized (white bar) or ovariectomized-EB-primed rats (dotted bars) with 150 mU 
oxytocin. Vertical lines are 95% confidence limits. 
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TABLE 11. Effect of Inhibitors of Protein Synthesis on the Enzymes That Form MSH-R-IF. 

Source of 
incubated SME 

Number of Decrease of pituitary 

incubated (percent of control)a 
SME MSH concentration in recipient rats 

Ovariectomized estrogen primed 
Non treated 
Cycloheximide treated 
Actinomicin D treated 

- MSH-RF 

Male rats 
Nontreated 
Cycloheximide treated 
Actinomicin D treated 

MSH-RF 

-8.4 (-21.3-3.0)' 
53.3 (40.2-61.7) 
13.2 (-4.2-27.9)' 
46.7 (38.7-53.3) 
59.9 (41.1-69.9) 

-8.2 (-19.4-9.4)' 
47.2 (41.1-54.9) 
50.0 (41.7-55,6) 
58.3 (46.6-65.3) 

a*bSame footnotes as in Table I. 

Discussion. The presence of an enzyme 
which yielded MSH-R-IF when incubated 
with oxytocin has been demonstrated in hy- 
pothalamic tissue of male rats (1 ) .  The 
present study shows that hypothalamic tissue 
from female rats a t  estrus possesses similar 
enzymatic activity; however, that from 
ovariectomized rats was inactive even when a 
pool of five hypothalami was used for the 
reaction. Estrogen administration to spayed 
rats resulted 24 hr later in a restoration of 
the action suppressed by the removal of the 
ovaries. These findings provide evidence that 
the enzyme which catalyzes the formation of 
MSH-R-IF is estrogen dependent. Several 
other enzymes were found to have a similar 
behavior (8-9). After EB treatment an 
equivalent of one and even of one-half hy- 
pothalamus showed enough enzymatic activi- 
ty to form MSH-R-IF when incubated with 
oxytocin. On the contrary, up to five hy- 
pothalami from ovariectomized rats failed to 
show any effect. Therefore, i t  could be in- 
ferred that the activity of the enzyme had 
increased at  least 10-fold by the treatment 

The effect of estrogen on the enzyme activ- 
ity was found to be blocked by previous 
treatment with cycloheximide or actinomycin 
D, two agents known to inhibit protein syn- 
thesis ( 10-1 1 ) . The present experiments seem 
to indicate that cycloheximide exerted a 
more intense inhibition. These results would 
suggest that the increase in the enzyme activ- 
ity after EB treatment is due to the synthesis 

of new enzyme. 
Summary. The activity of the enzyme 

which yielded MSH-R-IF upon incubation of 
hypothalamic extracts with oxytocin was 
found to be estrogein sensitive. It was absent 
in ovariectomized rats and increased after 
estrogen treatment. A dose of 10 pg EB in- 
duced a 10-fold increase in the hypothalamic 
activity of the enzyme. Cycloheximidk and 
actinomycin D inhibited the effect of estro- 
gen suggesting that estrogen promotes the 
formation of new enzyme. 
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