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In  Vitro Studies on Mechanism of Action of Thyrotropin Releasing Factor* 
(32722) 
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Metabolism Division, Department of Medicine, Washington University School of Medicinr, 
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Recent investigations have been undertaken 
to discover the mechanisms whereby hypo- 
thalamic thyrotropin releasing factor (TRF)  
stimulates thyrotropin (TSH) secretion from 
the anterior pituitary. I t  has been shown that 
T R F  stimulation of TSH release can be 
blocked cmpeti  tively by thyroid hormones 
b t h  in vivo and in vitro (1-3). Moreover, 
thyroid hormone inhibition requires intact 
protein synthesis, whereas T R F  stimulated 
TSH secretion itself is not dependent upon 
protein synthesis (2,4,5). The recent devel- 
opment of a radioimmunoassay for rat TSH 
in this laboratory (6)  has provided a sensi- 
tive and precise technique for extending 
studies concerning the mode of action of TRF.  
In vitro studies using this method are reported 
herein, and data are presented which indicate 
that metabolic energy is required for T R F  
mediated TSH release. 

Materials and Methods.  Bisected adeno- 
hypophyses were rapidly removed from 100- 
~ f m  male Sprague-Dawley rats under a dis- 
secting microscope and incubatd singly in 
S-ml Erlenmeyer flasks at  37°C in a meta- 

*Supported by Grants AM 08630 and -4m 5027 
from the National Institute of Plrthritis and Me&- 
bolic Diseases, USPHS. 

b l i c  shaker. Each flask contained 1 ml of 
TC-199 medium with 10% calf Serum and 
was gassed continuously with 95% 02-570  
C 0 2 .  For incubations with oligomycin and 
2,4-dini trophenol , Kreb+Ringer bicarbonate 
buffer without glucose was used to preclude 
substrate phosphorylation from glycolysis. 

Hemipituitaries were “preimubated” for a 
period of 4 hours prior to experimental 
manipulations to remove the TSH lilkrated 
from nonviable cells. The medium was then 
replaced, and the glands were incubated for 
two successive l-hour periods from which 
media was collected separately. During the 
first hour, no additions were made in order 
to determine basal TSH release. During the 
second hour, one hemipituitary of each pair 
was incubated in the presence of porcine 
T R F  alone (kindly provided by Drs. A. 
Cohen and W. White of Abbott Laboratories) 
at  a dose of 2 pg/ml medium. This TRF 
preparation contains 1 pU TSH/pg. The 
other hemipituitary was inculbated with T R F  
plus one of the following test materials: 
L-thyroxine, 1 or 10 pg/ml; oligomycin, 2 
pglml; 2,4-dinitrophenol, M ;  cycle 
hexamide, LOO pg/rnl, or ouabain, lo-* M .  
Four or five hemipituitary pairs were em- 
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TABLE I. Effects of TRF Aloiie :ind TRF a i d  
Varying Doses of Thyroxine 0.11 TSH Release 

in Vitro.  

M edi um 
TSH Iiiliibition 

(pU/ml) of TRF re- 
Treatmeat. mean 2 S E  sponse (%) p Value" 

No TRF 120 * 40 - 

TRF aloiie 1325 & 55 - 

T R F +  1CLg 
L-t,hyroxiiw 480 f 2.0 63 <.OOl 

L-thyroxine 165 2 18 95 < .oo 1 
TRF + 10 pg 

" For difference botweeii response t.0 TRF :iloiic 
and TRF + thyroxine. 

ployed for each experiment. Following incu- 
bation, hemilpituitary pairs from several ex- 
periments were weighed on a Cahn electro- 
balance to 0.01 mg; no significant differences 
in weights were found. Media was stored at  
-5°C until the time of TSH assay, performed 
according to our recently described irnmum- 
assay method ( 6 ) .  Results are expressed in 
terms of the USP lbovine TSH reference p r e p  
aratioln which is used as a standard in this 
radioimmunoassay . 

Results. In the absence of T R F  or other 
subsitances the mean TSH concentration in 
the incubation medium was 140 pU per ml 
per hour. T R F  in a dose of 2 pg/ml resulted 
in marked and significant increases in me- 
dium TSH concentrations, rmging in differ- 
ent experiments fm 575-1325 pU/ml. This 
T R F  mediated TSH release could  be par- 
tially blocked Iby 1.0 Fug/ml thyroxine added 
simultaneously, and was completely blocked 
by 10 pg/ml Ti (Table I ) .  In the presence 
of oligomycin, T R F  stimulation was inhibited 
SS%, and 2,4-DNI' at  M resulted in 
78% inhibition (Table 11). In contrast, addi- 
tion of either cyclohexamide or ouabain re- 
sulted in no reduction in the T R F  response. 
Shown in Table I11 are data indicating that 
oligomycin, 2,4-DNP, ansd thyroxine did not 
alter the basal secretion of TSH in the ab- 
sence of TRF.  I t  is inferred, therefore, that 
the unstimulated medium TSH is derived 
from cell damage and not from physiological 
secretory processes. 

Discussion. The demonstration of T R F  
stimulation of TSH release in vitro by im- 
munoassay provides additional support to the 
well-established concept of hypothalamic neu- 
rohumwal control of TSH secretion ( 7 ) .  The 
viability of the pituitary tissue under the 
in vitro conditions used was supparted by 
the previous demonstration of net TSH syn- 
thesis and li-r increase of 1eucine-l4C inmr- 
poration into protein over a 24-hour period 
of incubation (5).  

The L-thyroxine was capble  of almost 
completely preventing T R F  stimlulartion in 
TAB1,E IT. Effects of Variolis Metabolic Inhibi- 

tors OIL TRF Mediated TSH Release. 

Medium 
TSH Inhibition 

(pU/ml) of TRF re- 
Treat.ment mean & S E  sponse (%) p Valuea 

- No TRF 110 f 25 

TRF alone 1826 2 70 - 
TRF + oligo- 626 f 25 55 < . W l  

ni yc i 11 

TRF alone 

DXP 

860 & 25 - 

TRF + 2,4- 210 f 15 '78 <.OOl 

- TRF alme 990 2 35 
TRF + C J C ~ O -  9'50 & 45 lt) > .05 

hexamicle 
- TRF aloiie 575 & 25 

TRF + cruabah 625 30 0 > -05 

For difference between response to TRF slow 
:i , i id TRF and inhibitor. 

TABLE 111. Eff cwts of Inhibitors and rJ-Tliyroxiiie 
upoai Pituitary TSH Secret,ion in the Absence of 

TRF. 

Medium TSH 
(,U/mI ) 

Trc:itiiieilt mea.ii * SE p Values 

Medium alone 141 2 18 >0.5 
Modium + 100 f ig 

Medium done 245 2 14 > 0.5 
Medium + 2,4-DNP 
Metliuiii ;i.lone 193 2 16 >0.5 

105 & 13 
L-thyroxine 

293 2 22 

Medium + oligomycin 145 20 
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this in vitro system, corroborating the pre- 
vious data of Vale and co-workers ( 3 ) ,  in 
which thyroxine inhibition at the pituitary 
level was shown. I t  should (be pointed out, 
however, that the absolute free thyroxine con- 
centration in vitro necessary to produce this 
effect was probably greater than in vivo free 
thyroxine concentrations by a factor of more 
than 10;. Moreover, the physiological con- 
tribution of this direct pituitary negative 
feedback in vivo in the overall scheme of 
hypothalamic pituitary thyroid interactions 
remains unsettled, since there is only limited 
knowledge at present regarding thyroxine in- 
fluences upon TRF synthesis and secretion 

Significant inhibition of T R F  activated 
secretion was observed in the presence of both 
oligomycin and 2,4-dinitrophenul. Both of 
these compounds interfere with mitochondrial 
generation of high energy intermediates. 
However, the postulated locus of action of 
dinitrophenol in the mitochondrial mnpling 
sequence is earlier than that of oligomycin. 
Dinitrophenol hydrolyzes an early high en- 
ergy compound, and stimulates mitochondrial 
adenosine triphosphatase activity ( 9 ) ,  where- 
as oligomycin is thought to combine with 
the last coupling intermediate so that inor- 
ganic phosphate cannot be utilized to form 
ATP. Thus, one may infer that mitochon- 
drial ATP, or an earlier high energy inter- 
mediate, is required for TRF action. 

How metabolic energy is involved in TSH 
secretion is currently under study. If a mem- 
brane adenosine triphosphatase in the pitui- 
tary cell plasma mecbrane is linked to TSH 
tramport from the cell, it is distinct quali- 

( 8 ) .  

tatively from the class of adenosine triphos- 
phatase systems in red blood cells and other 
tissues that are inhibited 'by ouabain ( 10). 
The failure of cyclohexamide, an inhibitor of 
protein synthesis, to block TRF action im- 
plies that secreted TSH presumably derives 
from an intrapituitary pool of stored TSH 
instead of from more recently synthesized 
TSH. 

Summary. The TSH secretion from hemi- 
pituitary glands is stimulated in vitro by 
TRF and this action is blocked by large 
doses of L-thyroxine. The response to TRF 
is inhtbited by both 2,4-dinitrophmol and 
oligomycin, indicating that energy is required 
for TRF action. I t  is not inhibited by cyclo- 
hexamide or ouabain. 
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