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~Pyroglutamyl-~-~-(pyrazolyl-3)-alanyl-tprolinamide, an analog of thyrotropin-releasing hormone (TRH) 
in which the imidazole residue is replaced by ~-P-(pyrazolyl-3)-alanine, has been synthesized and evaluated 
biologically. The analog exhibited the characteristic biological responses of natural or synthetic TRH; its 
activity was approximately 5% that of the parent hormone. These results suggest that the acid-base properties 
of the imidazole ring are not essential for thyrotropin-releasing activity. 

I n  a previous communication3 it was suggested that 
the replacement of histidine by ~-P-(pyrazolyl-3)-ala- 
nine [Pyr(3)Ala] may provide valuable information 
regarding the importance for function of the character- 
istic imidazole pK of histidine in biologically active 
peptides containing this residue. p-(Pyrazolyl-3)-ala- 
nine is isosteric with histidine but the acid-base be- 
havior of the pyrazole ring differs markedly from that of 
imidazole. The validity of this concept mas verified 
experimentally by the observation that p-(pyrazolyl- 
3)-alunine12 S-peptidel-14 mas a powerful competitive 
inhibitor of R S a ~ e - S . ~ l j  The analog combines with 
S-protein as firmly as does S-peptide but the pyrazole 
ring fails to function catalytically because of its inability 
to accept or donate protons under the condirions of 
assay. 

I n  order to gain information regarding the functional 
importance of histidine for hormone activity the Pyr- 
(3)Ala analogs of Val5-angiotensin I P 8  and of Glnj- 
~-corticotropinl-zoamideg~lo mere prepared and tested 
for biological activity. Since both analogs possessed 
significant levels of biological activity it was concluded 
that the acid-base characteristics of the imidazole ring 
cannot be essential for the function of these hormones. 

The recent disclosure of the covalent structure of a 
thyrotropin-releasing hormone TRH (TRF) (I) 11-14 
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provided another opportunity to test the importance of 
histidine dissociation for hormonal activity by the 
pyrazole-imidazole substitution approach. This com- 
munication describes a synthesis of L-pyroglutamyl-L- 
p- (pyrazol yl-3) -alanyl-L-prolinamide (11) [ P yr (3) Ala 
T R H ]  and relates observations pertaining to certain 
biological properties of this molecule. 
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Preparative Aspects.-The synthetic route to the 
pyrazole analog of T R H  takes into account the well- 
known tendency of dipeptides containing proline to 
undergo cyclization with formation of diketopi- 
perazines.'j Na-Benzyloxycarbonyl-L-P-(pyrazolyl-3)- 
alanine16 was treated with tert-butoxycarbonylhydra- 
zine in the presence of DCI to give an amorphous tert- 
butoxycarbonylhydrazide which was subjected to 
hydrogenolysis over Pd in XIeOH. The ensuing 
crystalline ~-P-(pyrazolyl-3)-alanine tert-butoxycar 
bonylhgdrazide was then acylated with 2,4,5-trichloro- 

(13) R. M. G. Nair, J. F. Barrett, C. Y. Bowers, and A .  V. Schally, 

(14) D. Gillessen, A. M .  Felix, W. Lergier, and R .  0. Studer, Helo .  C h t m .  

(15) E. Schroder and K. Lubke, Peptzdes ,  1, 148 (1965). 
(16) K. Hofmann, R .  Andreatta, and H. Bohn, J .  Amer. C h e m .  Sac., 

Bzochemistry. 9, 1103 (1970). 

A c t a ,  63, 63 (1970). 

SO, 6207 (1968). 





POLYPEPTIDES. XLVII Journal of Jfrdicinal  Chemistry, 2970, Vol. 13, -Yo. 6 1101 

To demonstrate that the site of action of Pyr(3)Ala 
T R H  is the anterior pituitary gland the in vitro method 
was In  this assay corresponding halves of rat  
anterior pituitary glands are incubated in two beakers 
(control and experimental) containing Krebs-Ringer 
bicarbonate solution. The test substance is added to 
the experimental beaker and after a 1-hr incubation 
period the amount of TSH in the medium of the control 
and experimental beakers is measured in T,-TSH assay 
mice. The results are recorded as the change in the 
blood level of lz51. The observation (Table 111)) that 
more TSH is present in the experimental (E) than in 
the control (C) medium shows that Pyr(3)Ala TRH,  
like TRH, stimulates release of TSH into the medium. 

TABLE I11 
COMPARISOS OF TRH AKD P Y R ( 3 ) , 4 L 4  TRH 

ACTIVITY I N  THE in V d T O  RAT ANTERIOR PITUIT.\RY 
INCUBATION A s s . 4 ~ ~  

C E 
1x1 Acpm W Acpm p value 

TRH, 9 rnpg 327 1506 0.001 
Pyr(3)Ala TRH, 180 mpg 203 3887 0,001 
= Values recorded represent amount of TSH present in medium 

without (C) and with added hormones (E). TSH measured in 
T,-TSH assay mice; each result is the mean obtained from 5 
mice. 

Incubation of the analog in human serum for 30 min 
a t  37" destroyed biological activity (Table IV). For 
comparison the analog was added to the serum and 
assayed without incubation. Parallel experiments were 
performed using synthetic TRH. 

T ~ B L E  IV 

BY IXCUR ~ T I O N  IN  HUM^ SERUM& 
INXTIV~TION OF TRH A P ~ D  PYR(3)ALA TRH 

C E 
1251 Acpm 1261 Acpm p value 

TRH, 9 rnpg 3740 592 0 001 
Pyr(3)Ala TRH, 180 mpg 3480 - 53 0 001 
a Each 0.2 ml of human serum obtained from a normal adult 

male contained TRH or analog as indicated. Serum without 
(C)  or with (E) incubation (30 min at  37") was asiayed in Ts- 
T H H  away mice; each re-Lilt is mean obtained from 5 mice. 

The ability of Pyr(3)Ala TRH to inhibit the re- 
sponse of TRH in T3-TRH assay mice was also investi- 
gated. Since previous studies indicated that the onset 
of the T R H  response, TRH disappearance rate from 
plasma, and TRH inactivation by serum were rapid, 
the in zlivo inhibitory effect of the analog was assessed 
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by administering it a t  the same time or shortly before 
the TRH injection. When mice received subactive 
doses (10-15 mpg) of the analog in amounts 3-5 times 
the administered dose of TRH (3 mpg), there was no 
inhibiton of the TRH response (Table V, expt 1 and 2). 
Inhibitory studies were also performed (expt 3) using 
active doses of Pyr(3)Ala TRH. When TRH and 
Pyr(3)Ala TRH were both given to the same mouse, 
their effects were additive. 

T ~ R L E  V 
ISHIRITION OF THE TRH Rixpomr: I N  
TI-TRTI MICE BY PYR(3)ALI TRH" 

-Expt 1- ,--Expt 2- --Expt 3- 
1zI Aopm 1261 Aopm 1x1 Acpm 

-----hh-- - p value p value p value 
- 5  - 2  0 s us.  P s us.  P s us.  P 
S TRH 401,; 1221 
P TRH 3438 ns 1191 ns 

S TRH 2571 1000 2425 
P TRH 3048 ns 1230 ns 3637 0.01 

S + TRH 1643 1900 
P + TRH 1334 ns 4100 0.001 
S 368 37 - 184 

Q Albumin (1c-c)-0.90, NaCl s o h  (S) or Pyr(3)Ala TRH (P) 
%as injected iv before (at times recorded) or with synthetic 
TRH. All mice given TRH received 3 rnpg while 10 and 15 mpg 
of analog were administered in expt 1 and 2, respectively. 
Mice in expt 3 received 3 rnpg of TRH and 10 pg of Pyr(3)Ala 
TRH according to the above design. The difference in the 
magnitude of the TRH response is due to variations in the sensi- 
tivity of the mice; each result is mean obtained from 5 mice. 

From the results presented in this communication it 
can be concluded that under the conditions of assay 
Pyr(3)Ala T R H  stimulates the release of TSH from the 
pituitary of the mouse and that it possesses approxi- 
mately 5% the biological activity of natural or syn- 
thetic TRH. The analog fails to compete with TRH 
and when it is administered in conjunction with the 
natural hormone exhibits an additive effect. Just as 
in the case of the natural hormone, the analog is in- 
activated when incubated with human serum and its 
effect is inhibited by T,. Thus its spectrum of activities 
as far as it has been investigated parallels that of 
TRH, albeit at a lower level. 

These experimental results eliminate the characteris- 
tic acid-base behavior of the imidazole ring of histidine 
as an essential feature for TSH release. The situation 
is similar to that Tyhich has been observed with Val5- 
angiotensin I1 and Gln5-P-corticotropinl-20amide where 
the replacement of the histidine residue by Pyr(3)Ala 
resulted in analogs which retained biological activity 
but at a lower level. 


