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NI'LMEROFF, C. B., J. A. DIEZ, G. BISSETTE, A. J. PRANGE, JR.. 1.. E. HARREI.L, AND M. A. LIPTON. l.ack o leilg'ct 
of chronically adm#ffstered thyrotropin-releasmg hormone (TRtl) on regional rat brain tyrosine hydroxylas'e activity. 
PItARMAC. BIOCHI'M. BEIIAV. 6(4) 467 .469 ,  1977. - Chronic t reatmentofadu[t  male rats withTRH (1 or 10ms/ks 
[P) for 5 or 9 days failed to alter the activity of tyrosmc hydroxylase (Till, the enzyme regulating the ratc-limiling step in 
catecholamine biosynthesis. In contrast, as previously described, chronic reserpine administration (0.5 ms/ks IP: 9 days) 
resulted in a significant rise in TEl activity in midbrain, hypothalamus, pons-medulla and forcbrain. These results suggest 
that the enhanced brain norepinephrine turnover reported to occur after treatment with TRH is not due to %vnthesis of 
new TH enzyme protein. 

TRII Reserpine Tyrosine hydroxylase 

S E V E R A l ,  s tudies  have ind ica ted  tha t  the t r ipep t ide ,  
pGlu-His-Pro-NH, ( thy ro t rop in - r e l ea s ing  h o r m o n e :  T R I t )  
exer ts  direct  cent ra l  ne rvous  sys tem effec ts  appa ren t ly  
i n d e p e n d e n t  of  its ac t ion  on the a d e n o h y p o p h y s i s  [ 15, 25, 
26] .  For  example .  TRH i s a  p o t e n t  an tagon i s t  of  barb i tu -  
rate- and e thano l - induced  seda t ion  and h y p o t h e r m i a  [2, 4, 
24[ .  In add i t ion  "I-RH p o t e n t i a t e s  the s t imu lan t  p roper t i es  
of L-DOPA in pa rgy l ine -pre t rea ted  mice [ 1 2 , 2 0 ] ,  a test 
devised by Everet t  [9] to screen an t idep res san t  drugs. 
These effects  are clearly not  media ted  via the p i tu i ta ry-  
thyro id  axis since ne i the r  h y p o p h y s e c t o r u y  nor  thyro idec-  
t o m y  abol ish  these n e u r o t r o p h i c  ac t ions  of  the t r ipep t ide :  
and,  f u r t h e r m o r e ,  t r e a t m e n t  with  thyro id  h o r m o n e s  or 
t h y r o t r o p i n  arc ineffect ive  in these paradigms [261.  TRII  
has also been repor ted  to possess an t idep res san t  act ivi ty  in 
man [1, 13, 17, 22, 23 ] ,  t hough  con t rove r sy  cu r ren t ly  
su r rounds  this  issue [6 ,181.  

Several inves t igators  have s tudied  the effects  of  TRH on 
brain c a t c c h o l a m i n c  systems.  A l though  TRH adm i n i s t r a t i on  
does not  a l ter  e n d o g e n o u s  brain levels of  no r ep i neph r inc ,  
d o p a m i n e  or sc ro ton in  13, 11, 21, 27 ] ,  b o t h  b iochemica l  
[14] and h i s tochcmica l  151 es t imates  reveal tha t  the 

t r ipept ide ,  admin i s t e red  per iphera l ly ,  results  in increased 
brain n o r e p i n e p h r i n e  turnover .  The purpose  of  the present  
s tudy  was to evaluate  the effect  of chron ic  t r e a t m e n t  wi th  
TRH on regional rat brain tyros ine  hydroxy lase  (3'1t) 
act ivi ty.  This e n z y m e  con t ro l s  the ra te- l imi t ing step in 
ca t echo l amine  b iosyn thes i s  1301 and changes  in its act ivi ty 
might  explain the  enhanced  brain n o r e p i n c p h r i n e  tu rnove r  
that  has been repor ted  af te r  T R t l  admin i s t r a t ion .  

MATERIALS AND METHOI) 

Adul t  male Sprague- l )awley rats (350  g) were purchased  
f rom l l o l t z m a n  Labora tor ies  (Madison,  WI) and ma in ta ined  
in a con t ro l l ed  l ight ing a i r -cond i t ioned  animal  facility. They  
received l abora to ry  chow and water  ad lib. The rats were 
t rea ted  daily with TRH (I or 10 mg/kg IP) for 5 or 9 days, 
reserpine (0.5 mg/kg IP), or reserpine (0.5 mg/kg,  IP) + 
TRH (10  mg/kg IP) for 9 days, or vehicle (0.q~. NaCI, p i t  
7.5). The inclus ion of  a reserpine group was based on the 
fact tha t  an imals  so t rea ted  show an induc t ion  of TII 
act ivi ty  [28]  and could,  there fore ,  serve as a posit ive 
con t ro l  group.  Animals  were sacrificed 24 hr a f te r  the i r  last 
drug t r e a t m e n t .  
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T A B L E  1 

THE EFFECT OF CHRONIC TREATMENT WITH THYROTROPIN- 
RELEASING HORMONE (TRH) FOR 5 DAYS ON REGIONAL RAT 

BRAIN TYROSINE HYDROXYI.ASE ACTIVITY* 

Treatment Hypothalamus Midbrain Pons-medulla Forebrain 

Saline 100 _+ 4.1 1(50 +_ 1.3 10(5 -4- 1.7 100 +_ 0.8 

TRH 104 _+ 8.3 102 ± 4.8 107 +_ 4.6 107 -- 3.3 
I mg/kg 

TRH 101 +_ 7.3 110 _+ 3.9 102 _+ 9.1 10(5 +_ 5.7 
10mg/kg 

*Tyrosine hydroxylase activity is expressed as a percentage of 
mean activity in at least 6 saline-injected controls. Each experimen- 
tal point represents the mean ~ SEM of 5 animals. 

TIt activity was assessed by a modi f ica t ion  of the 
me thod  of  Nagatsu et al. 1191 utilizing 6-MPH, as the 
cofactor .  Protein was de te rmined  by the me thod  of  Lowry 
et al. [16] .  Enzyme activity was es t imated  in 4 brain 
regions (hypo tha lamus ,  midbrain,  forebrain and pons-  
medulla) utilizing a modi f ica t ion  of the dissect ion tech- 
nique of  Glowinski  and Iversen [10] .  

l nhomogene i t y  of  variance and unequal  cell size be tween  
the various exper imenta l  and cont ro l  groups led to a 
nonparamet r i c  statistical evaluation of  the data:  the Mann- 
Whitney U test was utilized I 2~-~]. Data are expressed ei ther  
as Tll  activity ( nmo le s ih r lmg  prote in)  or as a percentage of  
control  enzym e  activity. 

P, ESt;L'rS AND DISCUSSION 

Chronic t r ea tmen t  with TRH (1 or 10 mg/kg) for e i ther  

5 or 9 days did not alter TH activity in any of  the brain 
regions examined  (Tables 1 and 2). As previously repor ted  
[28] reserpine t r ea tment  for 9 days resulted in a significant 
increase in TH activity in all of  the brain regions assayed. 
The results also demons t r a t e  that  chronic TRH t rea tment  
does not alter the reserpine- induced enhancemen t  in brain 
TH activity. In addi t ion -IRII t r ea tmen t  did not change the 
character is t ic  loss of body weight observed in the 
reserpinized animals (data not shown) .  In prel iminary 
studies, no change in TH activity was observed after  acute 
TRH adminis t ra t ion .  

These results suggest that  changes in the activity of brain 
TII as measured in the in vitro enzyme assay system 
utilized, are not  responsible for the increased norepi-  
nephr ine  turnover  repor ted  to occur  in TRH-t rca ted  ani- 
mals [5 ,14] .  The paradoxical  f inding that  TRt l  does not 
alter brain Yll activity while increasing brain norepi-  
nephr ine  turnover  may be explained by allosteric changes in 
the enzyme  prote in  induced by the t r ipcpt ide  which are 
unde tec tab le  with the assay systems employed .  Other  
workers,  however,  recently have suggested that TRII 
interacts  with brain cholinergic and gahergic sys tems [7,8}. 
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T A B L E  2 

THE EFFECT OF CHRONIC TREATMENT WITH THYROTROPIN-RELEASING HORMONE (TRH) OR 
RESERPINE FOR NINE DAYS ON REGIONAL RAT BRAIN TYROSINE HYDROXYLASE ACTIVITY 

Fyrosine Hydroxylase Activity (nmoles/hr/mg protein _+ SEMI 
Treatment Hypothalamus Midbrain Pons-medulla Forebrain 

Saline 1.15 _+ 0.04 1.74 +_. 0.07 0.423 +_ 0.015 2.8(5 ± 0.(58 
(n =26) (n =25) (n =23) (n =26) 

TRH 1.19 _+ 0.08 1.66 -'- 0.21 0.444 +_ 0.033 2.42 _+ (5.30 
I mg/kg (n =5) (n =5) (n =5I (n =5) 

TRH 1.21 +_ 0.04 1.65 +- 0.(105 0.404 _+ (5.019 2.76 ± 0.12 
10mg/kg (n= 195 (n = 19) (n = 18) (n = 19) 

Reserpine 1.35 _+ 0.05* 1.95 _+ 0.08* 0.602 ± 0.026:1: 3.24 _+ (5.12 "t 
0.5mg/kg (n= 15) tn=15) (n= 15) (n ~ 155 

TRH 1.27 _+ 0.07 1.90 _+ 0.06* 0.604 _+ 0(519~: 3.11 ±(5.15" 
10mg/kg (n =7) In =7) (n =7) (n =7) 

plus 
Reserpine 
0.5mg/kg 

*p <0.05. 
+p<0.0025 Mann Whitney U Test. 
.+p<00001. 
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