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SUMMARY 

Rat anterior pituitary glands were incubated in medium 199 
or KRB and the secretion of growth hormone was measured by immuno- 
assay. Prostaglandin El, dibutyryl cyclic AMP, theophylline and 
Kt stimulated growth hormone release. Valinomycin inhibited hor- 
mone responses to all these stimuli without depressing intracellular 
cyclic AMP levels. Stimulation of growth hormone secretion by 

y&;,":y; ~y,c~T~c~~~_~~~lshecph~~ line was associated with increased 
to C 

valinomycin. 
02 which was also inhibited by 

It is suggested that the locus of the inhibition is 
distal to the generation of cyclic AMP and might be analogous to 
the inhibitory effect of dinitrophenol. 

Kuo and Dill (1) reported that the antibiotic valinomycin 

inhibited epinephrine stimulated lipolysis in fat cells and de- 

creased formation of intracellular CAMP-8-14-C from adenine-8-14C. 

They attributed the valinomycin induced inhibition of lipolysis 

to the apparent decrease in adenyl cyclase activity. However, 

caffeine and theophylline were found ineffective in reversing the 

valinomycin block to lipolysis. Subsequently, Bentley (2) demon- 

strated that valinomycin antagonized the effects of vasopressin 

and aldosterone, but not of exogenous CAMP, on the toad bladder. 

He interpreted his data to indicate that valinomycin inhibited 

adenyl cyclase, since the action of both these hormones is be- 

lieved to be mediated by CAMP. Since neither of these two groups 

of investigators measured the intracellular concentration of 
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cyclic AMP, the precise locus of valinomycin inhibition of CAMP 

mediated cellular events was not clarified. 

In this communication evidence is presented which shows 

that valinomycin inhibits CAMP (endogenous or exogenous) mediated 

GH release from rat anterior pituitaries in vitro suggesting a -- 

site of action distal from the generation of CAMP. 

MATERIALS AND METHODS 

Male Charles River rats (200-230 gm) maintained on standard 

Purina.laboratory chow were decapitated and the anterior pituitaries 

dissected out, rinsed in saline and incubated in either medium 

TC199 or KRB (pH 7.4) containing glucose (1 mg/ml) and BSA (1 mg/ml) 

in an atmosphere of 02:C02 (95:5) with constant shaking. More de- 

tailed descriptions of the experimental conditions are given in the 

appropriate headings to the tables. 

Growth hormone in the media, which was frozen on dry ice, 

immediately at the end of incubation, was determined by radioimmuno- 

assay (3). For CAMP determination the tissues were frozen in liquid 

nitrogen and kept at -80'. Before extraction and analysis by the 

radioimmunoassay method of Steiner et al. (4), the glands were 

weighed and tissue concentrations of CAMP are expressed on the 

basis of these weights. 

Glucose-l-C14 oxidation to Cl402 was measured by incubating 

one whole anterior pituitary gland (average weight 6.62 + 0.20 mg, 

range 5.15-8.10) in 2 ml KRB for three hours. The 10 ml Erlenmeyer 

incubation flasks were fitted with rubber stoppers and plastic cups 

for the collection of C02. The flasks were gassed with 02:CO2 

(95:5) for 10 minutes and incubat,ed at 37' in a metabolic shaker. 

At the end of the incubation period, 0.20 ml of medium was with- 

drawn for GH assay followed by the injections of Hyamine (0.25 ml) 

into the cup and 3N H2S04 (0.25 ml) in the flask. After shaking 
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for an additional one hour, the plastic cups were transferred to 

scintillation vials containing 15 ml of Packard Insta-Gel cocktail 

and counted in a Nuclear Chicago Mark I scintillation counter. 

Values, corrected for quenching, are expressed as cpm/mg pituitary/ 

3.5 hr. 

RESULTS AND DISCUSSION 

The results in Table 1 confirm the GH releasing potency of 

theophylline and dcAMP. They also demonstrate that PGET is a 

potent stimulant of GH release in vitro as measured directly by -- 

immunoassay. Recently MacLeod and Lehmeyer (5) reported that PGET 

increased the incorporation of labeled leucine into pituitary GH 

as well as the radioactivi t y  of GH in the medium. These data, 

together with the observat ons that PGEl elevated CAMP levels in 

the pituitary (6), thyroid (7) and in a variety of other tissues 

(8) strongly suggest that i ts hormone releasing effect is mediated 

via the adenyl cyclase-CAMP system. 

The finding (Table 1) that valinomycin inhibited both PGEl 

and theophylline stimulated GH release supports the notion that 

the antibiotic acts at the adenyl cyclase level. However, the 

fact that valinomycin also effectively inhibited GH response to 

exogenous dcAMP suggests a different site of action: one that is 

involved with the action of the second messenger CAMP rather than 

with the formation of it. 

This concept is further strengthened by the data presented 

in Table 2 which show that valinomycin while completely abolishing 

theophylline stimulated release of GH failed to inhibit the intra- 

cellular accumulation of CAMP and when added to the incubation media 

alone caused a significant rise (143%) in CAMP concentration. 

255 



H
 

Ta
ble

 
1.

 
In

hib
itio

n 
by

 
va

lin
om

yc
in

 
of

 
gr

ow
th

 
ho

rm
on

e 
re

sp
on

se
s 

to
 

pr
os

ta
gl

an
di

n 
El

 
di

bu
ty

ry
l-c

yc
lic

 
AM

P 
an

d 
th

eo
ph

yll
in

e 

Ad
di

tio
ns

 
GH

 
se

cr
et

io
n 

ra
te

 
pg

/m
g 

tis
su

e/
60

 
m

in 
P 

A 
No

ne
 

0.
82

 
+ 

0.
03

 
A 

vs
 

B 
c.

01
 

B 
Va

lin
om

yc
in

 
(1

0 
-=

 
M

) 
0.

59
 

,+
 0

.0
4 

A 
vs

 
C 

c.
00

1 

C 
Pr

os
ta

gla
nd

in 
El

 
(5

~1
0~

~ 
M

) 

D 
PG

El
 

+ 
Va

lin
om

yc
in

 

4.
92

 
+ 

0.
18

 

2.
62

 
+ 

0.
25

 

C 
vs

 
D 

c.
00

1 

A 
vs

 
E 

c.
00

1 

E 
D

ib
ut

yr
yl-

cy
cli

c 
AM

P 
(2

~1
0~

~ 
M

) 
1.

91
 

_+
 0

.0
9 

E 
vs

 
F 

c.
00

1 

F 
Di

bu
ty

ry
l-c

AM
P 

+ 
Va

lin
om

yc
in

 
1.

07
 

_+
 0

.0
8 

A 
vs

 
G 

c.
00

1 

G 
Th

eo
ph

yll
ine

 
(2

.5
~1

0~
~ 

M
) 

2.
47

 
+ 

0.
12

 
G 

vs
 

H 
<.

O
O

l 

H 
Th

eo
ph

yll
ine

 
+ 

Va
lin

om
yc

in
 

0.
76

 
_+

 0
.1

1 

Fo
ur

 
ha

lf 
pi

tu
ita

rie
s 

w
er

e 
pr

ei
nc

ub
at

ed
 

in 
1 

m
l 

TC
 

19
9 

pe
r 

fla
sk

 
fo

r 
1 

hr
. 

fo
llo

w
ed

 
by

 
a 

se
co

nd
 

1 
hr

. 
"e

xp
er

im
en

ta
l" 

pe
rio

d 
in 

fre
sh

 
m

ed
ium

 
co

nt
ai

ni
ng

 
th

e 
ap

pr
op

ria
te

 
ad

di
tio

ns
. 

Va
lin

om
yc

in
 

w
as

 
di

ss
ol

ve
d 

in 
ac

et
on

e 
an

d 
PG

El
 

in 
Et

O
H.

 
Co

nt
ro

l 
fla

sk
s 

re
ce

ive
d 

ap
pr

op
ria

te
 

vo
lum

es
 

of
 

so
lve

nt
s.

 
Th

er
e 

w
er

e 
5 

fla
sk

s/
gr

ou
p 

w
ith

 
th

e 
ex

ce
pt

io
n 

of
 

C 
an

d 
D 

w
hi

ch
 

co
ns

ist
ed

 
of

 
6 

re
pl

ica
te

s 
ea

ch
. 

Va
lu

es
 

ar
e 

m
ea

n 
f 

SE
 

of
 

du
pl

ica
te

 
de

te
rm

ina
tio

ns
 

of
 

2 
di

ffe
re

nt
 

di
lu

tio
ns

. 
St

at
ist

ica
l 

co
m

pa
ris

on
s 

by
 

th
e 

t 
te

st
. 



Vol. 44, No. 2, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 2. Effect of valinomycin and theophylline 
on cyclic AMP levels in rat anterior 
pituitaries and on the release of 
growth hormone 

Additions CAMP GH 
nmole/g w/mg/30 min 

None 0.32 + -01 0.88 f .09 

Val (10m5 M) 0.74 + .07 0.74 _+ .05 

Theo (5x10 -3 M) 1.31 2 .22 1.65 + .16 

Theo + Val 1.08 _+ .07 0.85 _+ .05 

Three whole anterior pituitaries/flask were incubated 
in 1 ml TC 199 for 30 min. without preincubation. 
All vessels contained acetone (5 1.11). Values repre- 
sent means of 5 observations f SE. 

The inhibition of GH release by valinomycin is not overcome 

by high Cat+ (5 x control) or by high Kt (10 x control) concentra- 

tions. Omission of Cat+ or K+ from the medium or raising Cat' 

concentration had no effect on basal release of GH. These results 

do not, of course, exclude the possibility that valinomycin may 

exert its inhibitory effect by interferring with transmembrane 

flux of ions and/or with the intracellular translocation of ions. 

High Kt medium, as expected, caused a very significant increase 

in GH release. It is of particular interest that Kt, which appears 

to be a non-specific stimulus of pituitary hormone release, does 

not affect intracellular CAMP levels (9), suggesting that its hor- 

mone releasing action is not dependent on increased adenyl cyclase 

activity. Thus, the inhibition of the Kt effect by valinomycin 

(Table 3) further indicates that the site of action of the anti- 

biotic is not at the adenyl cyclase level. 
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Table 3. Effect of high Ca++ and K + concentrations 
on the inhibition by valinomycin of 
growth hormone release 

Treatment Number of GH in Medium 
Observations w/mg/hr P 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

KRB 

High Ca++ (6.35~1O-~M) 

Ca++ Free KRB 

Valinomycin (10D5 M) 

Theophylline (5~10~~ M) 

Val + Theo 

Val + Theo + High Ca++ 

K+ Free KRB 

K+ Free KRB + Val 

High K+ (5.4~10~~ M) 

High K+ + Val 

5 1.45 _+ .lO 

3 1.78 + .35 

6 1.77 + .12 

6 1.02 f .14 

6 3.58 + .27 

5 1.50 + .14 

6 1.29 + .08 

6 1.66 + .29 

6 0.82 f .16 

5 4.78 f .42 

6 2.93 + .12 

A vs B NS 

A vs C NS 

A vs D c.02 

A vs E c.001 

E vs F '.OOl 

FvsG NS 

A vs H NS 

H vs I c.05 

A vs J c.001 

J vs K <.OOl 

One hemi- 
P 

ituitary was preincubated for 1 hr. in "normal" KRB 
(1.27 mM Ca +) followed by a second 1 hr. period with the appropriate 
additions. In the Ca++ and K+ free experiments the tissue pieces were 
preincubated in media from which these cations were omitted. The 
osmolarity of KRB was maintained by substituting Na+ for Ca++ or K+. 
Values represent means of the number of observations indicated f SE. 
Statistical comparisons by the "t" test. 

Preliminary studies (Table 4) demonstrate that in the present 

system dcAMP and theophylline stimulate glucose oxidation via the 

pentose shunt contrary to their action in adipose tissue where 

both these compounds inhibit the incorporation of glucose-l-C14 

into CO2 (10,ll). The stimulation of glucose oxidation by dcAMP 

and theophylline was completely inhibited in this study by valino- 

mycin. A parallel inhibition of dcAMP and theophylline stimulated 

GH secretion by valinomycin was, once again, clearly demonstrated. 

Since valinomycin is a potent inhibitor of oxidative phosphoryla- 
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Table 4. Effect of dibut ryl-cyclic AMP, 
on glucose-l-Cl% 

theophylline and valinomycin 
oxidation to CO2 in rat anterior pituitaries 

Addition N cl40 Growth Hormone 
cpm/mg/AP33.5 hr ug/mg/AP/3.5 hr 

None 5 460 + 22 4.54 + 0.19 

Valinomycin (10 -5 M) 4 463 f 47 4.84 + 0.40 

dcAMP (2 x lO-3 M) 4 662 f 51 10.55 !: 0.61 

dcAMP + Valinomycin 4 444 + 45 5.29 + 0.48 

Theophylline (5 x 10B3 M) 4 685 -+ 56 12.08 f 2.45 

Theophylline + Valinomycin 4 330 f 31 5.89 f 0.19 

One whole anterior pituitary was incubated in 2 ml KRB containinq 
0.1 mg/ml glucose (0.25 nci G-l-C14) and 1 mq/ml of BSA. For growth 
hromone assay 0.2 ml aliquot of media were withdrawn with a Hamilton 
syringe prior to the injection of acid to the incubation vessels. 
CO2 counts have been corrected accordingly. All values represent 
means f SEM. 

tion and an activator of ATPase in rat liver mitochondria (12), its 

action might be analogous to that of DNP which also inhibits basal 

as well as PGE, and theophylline stimulated GH secretion (13). It 

appears quite conceivable, therefore, that valinomycin elicits its 

inhibitory effect on GH secretion by primarily interferring with 

the energy metabolism of the pituitary cells. 
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