Biological Functions and Catecholamine
(CA)-Releasing Activities of Thyrotropin-Releasing
Hormone (TRH) Analogues
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Abbreviations : Ach, acetylcholine; CA, catecholamine ; DHBA, dihydroxybenzylamine ;
DMSO, dimetylsulfoxide ; E, epinephrine ; ECD, electrochemical detector ; EDTA, ethylene
diamine tetra acetic acid; HPLC, high performance liquid chromatography: HUB-94,
pyrohomoglutamyl-histidyl-prolinamide ; HUB-95, pyrohomoglutamyl-norvalinyl-prolinami-
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Fig.1. The structure of TRH and its analogu-
es, HUB-94 and HUB-95. Arrow, substitution
of amino acid residues in TRH molecule.
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2 . Displacement curve D{ERL

YF LY —L5E 0.5ml, SY hT Yy (FR)
50 g/ml FEAN T+ U AR (pH 7.6) 0.3ml, FEHEE
TRH 3 LW 77+270.1ml (BKREE 107~
1074 M), B8 X U *H & TRH (specific activity
55.6ci/mmol) (New England Nuclear, 2¢E) 0.1ml
(A& EEE6.5X107° M) %38 U TokakehT 3 B¥f 1 ~
Far—bhL7. BEGHBSE b v —— L EHR
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de: ICy, concentration causing 50% inhibition; NE, norepinephrine; P.S., intraperitoneal

injection of 25mg/kg pentobarbital sodium; TH, tyrosine hydroxylase;
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thyrotropin-releasing hormone ; TSH, thyrotropin ; 8, BEENIEA ; £&, £EAREK
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1. &7 v bOBE

EBRIBOV 4 A —-FTy rOHERCERD
A, 1008 L U 107 moles @ TRH, HUB-94 & L £
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Fig. 2.

apply to HPLC with ECD

Schematic diagram of tissue perifusion system. Ten to twenty mg of

adrenal glands or hypothalamus are placed in a chamber containing 0.25ml
lactate-Ringer solution (pH 6.8) or Krebs Ringer-bicarbonate solution (pH 7.4)

respectively.

Flow rate is controled at 0.25ml/min by perista pump and

perfusate is fractionated in a test tube every 3 or 5 minutes intervals and
analyzed by HPLC. HPLC, high performance liquid chromatography; ECD,

electrochemical detector.
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74 AY—FHT v b (200~250g) BLY P ALY
Y- VERET CHEEEYIBEL, AEEEHRRIIC
Frroy C33 (o—v A 8ER, BR) 2HVWTE
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Glic. Mik3AMERARLLZ v b (7 v M I
RYMNALESY - 25mg/kg *EERESLES
®, 10484 A, 3X1078 moles ® TRH, HUB-
94 L < & HUB-95 #§B0AETCHEEEFORLD
BE L1 ETERBIHEIMLD bemEAL, ~> b
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MEGTERLEE PS-100 GEHBAFE, BB 2V, 37°C
AR L R EBNAR T T tail cuff FEiz & 0 HIE
L. B X UMERZ S BOREDOFEE2ED, #
DEERBREETOZAENOMEIINT 2HSERTE
L7

2. BIRNBESOHE

EET y P OR#EIREL D AR, 1X1077 moles D
TRH,HUB-94 4 L < {& HUB-95 285 , §iiD
BREVIRMEB I UMERZAEL .

VI. Shaking response ORIZE

MRz v FCERO FET, £&, 3x107° moles
@ TRH, HUB-94 & L < 1& HUB-95 &L, &5
#1045 M@ shaking response D E * @{E L 7= .
shaking response ¥ Wei 5 DERICHE VT v D
LR, B o ARy CoRHE R REYOEEES
Ll

VI, R bl 2 —IILERERF T sleeping time

DRE

M®Z v PITY bV E Y — v 40mg/kg % [EHE
R/EL, MbEYRHE»MEE, EbitER,
3x10"®* moles ® TRH, HUB-94 % L < iZ HUB-95
PRELL. UBEVRESHEEL THBUHET
% £ TORHE % sleeping time & U7-.

Vii. TRH $tUxn7+nJss5HF7 v+

miFHFa—L7 I EBHOAE

1. XS B & UK

IR, MHEBOHES v bz, WiIBOFHETE
£, 3x107° moles ® TRH, HUB-94 % L < iz
HUB-95 2881 L 7. 1553 cWBEBRL = F LY

7 3 > IUEEER (ethylene diamine tetra acetic acid,
EDTA) (FIye) AV D=4 70 F a2 — 72 MK % HE
L, BEOSTEEL EER2EEAW.

2. M#HTFa—NLT I VER

Mm#0.3ml & 1M b Y R ERBEEE (pH 8.7)
Iml, EHET7 V3 (fIX) 10mg, WHEE L LT
DHBA 300pg %Mz, 3053w - < D {REBRBAIL 7.
T F g EEEBIIEREL, MEBOT LV
3Sml DEFKTIEBEELDE, 73 FICRES
Nz CA 20.IN @BEZRB S50l THEHE, 35 30
ul% HPLCWEALZ O3By — 2 kD CA %
FEL. BHED CA OEINEKIZ 42+10% Th-
7.

IX. 7EMEREEIC S 548 CA 38, P T,

BLUFAD U KBIEBREEOAE

1. BERE B L URERK

ER2EOHET v NOBBENICER, 1071 107
moles ® TRH, HUB-94 & L < ix HUB-95 % 7 A/
HEARSLY:. 8HECZ—F VEET CHEBRL
BOMG+ o, N+ B, oD, B, BIB B L UBalE
PiEfHE L. Z20&EES 0.1IN BEHEE 1~2ml
THREYF A4 XL, BOBRLEEY CARAER®REEL
fo. M T.OREX X, 2 TMEEZBCCRESE,
ERMERE 3mm D — S — 8V F T B &
THIERREE Lic. BDEEORS X UBIE £0.25
MEBBRTREYS T4 AL, BOBK, BIBOLE
DFu Y vkER{EEER (tyrosine hydroxylase, TH) i&
M2 TR~ 3 HFETHEL .

2. 8% CA 5BORIE

Mm#% CA &8 13 IZEH K CA fiEARE RIS E
o CA REE7NVEFRBRESY, 20DH%0.1IN &
EEBTHELE L HPLC EAL, 20458y — v
& CA #E&HLT.

3. Mmd T,z

THERICEIBILVFY TV F AL T vk
Fy b GREF, BE) AV BEEEOREE, 7
oAt -t —Hw ¥ — ARC500 (7o
A1) BRAWT:.

4. B L UEIE TH EHORE

Nagatsu 5@ DHFEW & D RE 20001 & 1M FElg
F VY ABEER pH 6.0) 100k ], ImM L-Fo >
(FO%) 150k 1, 10mM FREE %7 £ =7 A
F) 10pl, IM 2XAVAFNLS 2 —)b (FIK) V5
L7z 10mM 6-X F1-5,678F NI, A4 Na7X7FY >
(Sigma) 501 1Nz, 37°CT2053M A > % 2~—}
L7z, #0O8KA0.SMEEFER 3.0ml 20z, 102
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iz IM BEEA Y 7 A (FIXE) 1.8ml Z2INZEL
L. FEEZEH S A (LB, 7o —54 }
CG-50 pH 6.1, 0.5ml; T, &EMET7 V2 40.5g) &
7 5ml ORFAKT S BHE L2, BHET LI F IR
L7 L-F—/8%0.5MEE# 1.0ml i L, 2h%
Johnson 5¥DFEWC L VFIEL 7z, TH EHEIESE
2> L- N —/$& (nmol/hr/mg protein) T/RL 7.

X. MEETFAIALIE

BonlcBEE T NTFHELFEHERE (meant
SEM.) TRLZ. SHMOFIMEOZOMREIZ X —
TR B 4% Scheffé % 7:1% Dunnett DX &t
gV, p<0.050BE*EEEH Y LHEL
7.

B ##

1. TRH, HUB-94 + £ «*f HUB-95 » TRH %%&
h~ Rt (K 3)

TRH 25&~AD TRH 7+ u 70825572
DI, Ty MREI VAR LY F TV —LsE2AVT
TRH 8 X U'7 v 2 HUB-94 + HUB-95 @ *H ##
TRH CH-TRH) 25 % % displacement curve % {FJ{
L7. TRH 8 X " HUB-9Y4 B EBEKEME I
‘H-TRH ¢ TRH B&FELofE&REEL, 100° M
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Fig. 3. Displacement curve of *H-TRH bound

to synaptosomal fraction of rat brain by

synthetic TRH or TRH-analogues, HUB-94

and HUB-95. Each point represents meanz

S.E.M. of three independent triplicate determi-

nations. ICs, concentration of TRH or

analogues required for 509% displacement of

bound *H-TRH; @, TRH; A, HUB-94; H,
HUB-95.

7o FREANLT HUB9S T 107° M TIIEO
15%DHEXFEEE2RL, UBBEREERCKS £HE
ELR. 0*'M TORBEREHBOS7%TH 7.
‘H-TRH ¢ TRH ZEEORESENUEET 2 BE
TH3 ICuiz#h#h TRH, 1.9x10"* M, HUB-
94, 4.0x10"*MT HUB-95 TI131.8X10°M TH»>
7.

. ADEHRFIE 5 TRH HUB-M4 £ & U

HUB-95 ?» CA HH#E

1. BRAIBHE 2 CA Mg (R4A)

B 20mg OERTIZ, BREREROEREFO
NE it 30+2ng/ml (n=3), E i3 137+ 19ng/ml & &f#
R LY, HREAL 3EMEBEE NE &
11+1ng/ml, E i3 36+3ng/ml &7 -7, LA 1 Rfs
BIEIE—ED CASERE L, ERITERHE
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Fig. 4. Catecholamine release from perifused
rat adrenal gland (A) and hypothalamus (B)
by the addition of TRH, HUB-94 or HUB-95.
TRH, HUB-94 and HUB-95 were used at the
concentration of 2.5 or 5.0x10'moles in (A)
and 1.5 or 7.5X10 moles in (B). Vertical
bars mean deviations (+S.E.M.) within exper-
iments and numbers in parenthesis show
numbers of experiments. Statistical significa-
nces are shown as follows; p<0.05 by ANO-
VA followed by Scheffé’s muitiple comparison
procedure. [, norepinephrine ; &, epinephrine.
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BIFEMr2r ARBHO DI WC{To 7. TRH,
HUB-94 3 L < ik HUB-95 ##h £h2.55.0X
107" moles B2 LHERFMHIZ NE b LR E
DOE ML, £72 HUB9 TIi35.0x1077
moles BT NE Oz TRH 8 XU HUB-94 &
DEHEIC G p<0.05) WAL,

2. EREERTIICB G5 CA e (4B)

HETE 300mg DEF TIX, EREROEREF
@ NE 1£3.2+0.1ng/ml (n=3) TH o 7243, 20534z
121.8%+0.1ng/ml 12 £ CRA L, ZO®HI0SHIZITIF
—ED CAEERE L8, EBIZ3090 55050
iciTo%. TRH $ L7772 /1.5L7.5X1077
moles D BRI T 3 CA O¥MERX, TRH,
HUB-94 X ¢f HUB-95 ¢ & A E{&EECEmL 7.
72 TRH 127.5%X10""moles D& T HUB-M & &
* HUB-95 X D EEI (p<0.05), 1.5X 1077 moles

DOAEF T HUB-95 L D HEIC (p<0.05) NE fii»sy
KLU,

. TRH, HUB-94 5 £ * HUB-95 O 5 v b %8

~NEE

1. $h#7 v b OFEREZEL (K54)

$h#EF S v bz HUBY 8B X 8 HUB-95 10-®
moles 5L TH, 3008 & FOFRICERREED
ZlhEEoxrot:., Fhwwxt L T TRH 10-v
moles, HUB-94 10 °moles #5 T, #5H1 L &5
SBOERIIERC LA (K271, 36.6+0.1°C;
3043#, 36.9%0.1°C (p<0.05): ®ff, 36.3+£0.2°C:
30437, 37.0+0.1°C (p<0.05)] L 72. HUB-95
10-° moles #& 5Tk, #ERT & D BEH30S, 6020
WA THEREBRERC LS [#1, 36.6£0.1°C; 304,
37.4+0.1°C (p<0.05): 604>, 37.0£0.1°C (p<0.05
] L.

AT (C)
104
TRH
TRH or Analogues or
P.S. Analogues *
o+, | —
® x * 0.51 I« *
S 37.0f §\I
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Fig.5. Effects of intrathecal administration of TRH, HUB-94 or HUB-95 on the
body temperature in young (A) and adult rats (B). (A) @, 107" moles TRH

(n=5); A, 107° moles HUB-94 (n=4); A, 107° moles HUB-94 (n=6); (1, 107*
moles HUB-95 (n=4); H, 10-° moles HUB-95 (n=6); O, control (n=5).
Vertical bar, mean+S.EM.; %, p<005 vs temperature at 0 minutes by
ANOVA followed by Dunnett’s multiple comparison procedure. (B) ®, 3x10°°
moles TRH (n=7); A, 3X107° moles HUB-94 (n=7); M@, 3x107® moles HUB-95
(n=5); O, control (n=5). P.S., Intraperitoneal injection of 25mg/ kg
pentobarbital sodium 10 minutes before the treatment. Vertical bar,
mean+S.EM : %, p<0.05 vs control by ANOVA followed by Scheffé’s multiple
comparison procedure.




TRH 79 07 QEMEiEt

2. BT vt OEBELADEE (H5B)

ST AERL SR L V2028 x THRIBZEL (A
TYREICADER2L Y, BRET L. EREETIRA
T k% wIET, TRH, HUB-94 OB T I L 7.
205D AT BNEEE—-0.32+0.02°CiztbL ¢
TRH ¥ & ¢* HUB-94 TEEICEM [TRH, 0.47+
0.20 (p<0.05); HUB-94, 0.75+0.13 (p<0.05)] %%
L#. ¥£7- HUB-95 (0.08+0.17) &R %% L
7z

V. TRH 8L U7+ R0y k Ry, IFE~

DEE

1. BERRSICE 3R

IR (B96A) kpERz b~ TRH ¥ % ¢ HUB-94
BETI. 1023% L DERCHIIL, 2320543
B L7z, %7 HUB-95 TI315536 & b B IER %
L7z, ME (K6B) iz HUB-94 0 &8 5105% £ b
HEFICHNERC EFL203% b L. TRH
5L D EEMERERL 228, HUB-95 #5 Tk
FlLihoi.

2. BIRNES X288
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ARl (B7A) 12 HUB-95 0 1044 & b ot BEEEIC 1
~NEEIZ LR L2053 L5 LY. TRH HUB-94 T
BARETHol. ME (B7B) FEBRED W Fh b1t
RECERESELERE M.

V. Shaking response =34 588 (¥ 8)

TRH 2723207 J o 7514410580 shaking
response O [EI#i3, SEEEE0.8+0.7E Iz L T,
TRH, HUB-%4 THEIZHEM (& 450.7+9.6E,
p<0.05; 47.5+8.7E], P <0.05) L7-. HUB-95 it
2. 8+2. 5E BB L EEES b oI,

VI. R MRV ELA—IHETTO TRH & U #

DT FRATD sleeping time ~NFE (K 9)

RPNV ESY —ERAV 40mg/kg BERLS 5
DU T RTOHTILILEDD KENHEEL 2.
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Fig.6. Effects of intrathecal administration of TRH, HUB-94 or HUB-95 on

heart rate (A) and blood pressure (B) in adult rats. P.S., pentobarbital sodium
injection as same as that in Fig.5; @, TRH; A, HUB-94; B, HUB-9; O,
control ; HR, heart rate; BP, blood pressure. Other symbols and concentration

of the drugs are the same with Fig.5 (B).

numbers of rats.

Numbers in parenthesis show
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HUB-95 TH &z L& (12.5+0.7ng/ml, p<0.05) L
7= TRH HUB-94 TixZ bl %oz, M E i3
IHREEE5.94+1.4ng/ml ¥ L, HUB-95 THb L&
(14.8+3.1ng/ml) L, %7 HUB-94 & U TRH
Ty FEMER (&412.2+1.7ng/ml, 11.4+4.0ng/
ml) R L7, M8 DA 2 EEE3.3+0.9ng/ml i3
LT HUB-95 T.LEMEA (7.2£2.6ng/ml) 2B 7.
VI. TRH st U207+ nz07 AMERBIELC
L 2iE# CA &, mT, TH FHICELEF
TEE

1. W CA &8 (EF1)

B+ NE 2Bkt~ HUB-9
(10~° moles) THEWCET (p<0.05) L, TRH
(107 moles), HUB-94 (10-°moles) T b {ETHEM £ 58
»7:. DA €8x TRH(10-* moles) 8 & ¥ HUB-95
(107 moles) CLREEE 2T 7z, M+ HET
NE &8i3 HUB-94 (10~ moles) T L& {HA, DA &
13 HUB-94 (10"* moles) HUB-95 (10" moles) T{&
T@Fﬁl%"fbf

2. BI®
2)

. BalElis L UBO CA 58 (R

()

HR (% increase)

il

¥ NE & & it TRH (10 moles), HUB-94
(10-* moles) B & tf HUB-95 (10~° moles) TXIHEEEIz
HRETHERE:2RL:. E E1X HUB-9 (10,
107 moles) # & 7 HUB-95 (10~° moles) T{E TR
2R L. LoD NE &&ix HUB-94 (107" moles),
HUB-95 (10~% 10" moles) CIETERERL 2. B
B TRIRTOT7Fus/% 58T NE 80 LR
EHrERLE. BTid NE & HUB-94 (10©
moles), HUB-95 (10~% 10~ moles) THERIZET (=
BEL d p<0.05) L, HUB-94 (10~*moles) TH{ETE
FERLT.

3. M T, (&3)

TRH BXU 7+l 0BRBRRVE T 21F
BAreadi-diclh T, 20T, SHEECHLT
WTNOERBLERE 2RO R/

4. BB X UEE TH B &4)

TRH 8LU7+ 0728 CAEREIBLIZTHES
Loz, CASRROEEERRERTHS THE
HRRIE L. B+ T TRH (107° moles) #
SC3BEc L ¢ TH oM@ 2R . &l
&z HUB-94 (10-° moles) #5 T TH &M DB

(B)

BP (% increase)
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Fig.7. Effects of intravenous injection of 1X10~" moles TRH, HUB-94 or
HUB-95 on heart rate (A) and blood pressure (B) in adult rats. @, TRH
(n=5); &, HUB-94 (n=5); B, HUB-95 (n=5); O, control (n=5). Statistical

significances are shown as follows; %, p<0.05 vs control by ANOVA followed

by Dunnett’s multiple comparison procedure.

Fig. 6.

Other symbols are the same with
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Fig.8. Effects of intrathecal administration of
3x107® moles TRH, HUB-94 or HUB-95 on
head-shaking response in adult rats. Head-sh-
aking response was measured the number of
the frequencies for ten minutes. Number in
parenthesis, number of rats. %, p<0.05 vs
control by ANOVA' followed by Scheffé’s
multiple comparison procedure.

S POPRESES TRH O 4 S EES 5 L
HENTW3E®, £7: HUB-95 13 HUB-94 D 2 i &
AFOUERIAN) VBEBLELDT, ThEE
B2 TRHOCZAF YV ER /AN VBB
7 F a2 pyroglutamyl-norvalinyl-prolinamide i3 &~
WEANERE ST, PREERER L LT
oY F—)L0 cataleptic effect % TRH D 11{Z5# <
MHT 2 e WEINTVE® > T HUB-95 idH L
EERZHELT, HUB9Y L b & o lfy ki
BREB2ETAZL0EBshS.

7ruleIy VY F TNV —L5EO TRH %2
B OBEMBEANYEIR ICo THT &, HUB-9,
HUB-9%5k 2z TRH DigiEs0% £0.1%Th -
. REEBEFME L TSH S ERIZIZHERHT 5 2
& & D™ HUB-94 & TRH iif\>hrt A%
5, HUB-95 2B ICHF VRV E CER L xR0
HifEEIN, BOHREI/HLTVS.
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17, ME, shaking response 8 L U'RY b3 L E S —
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Fig.9. Effects of intrathecal administration of
3x107% moles TRH, HUB-94 or HUB-95 on
pentobarbital-induced sleeping time in adult
rats. Forty mg of pentobarbital/ kg body
weight was used. Number in parenthesis,
number of rats. %, p<0.05 vs control by
ANOVA followed by Scheffé’s multiple compa-
rison procedure.



360 il

204 (4)
(4)
= 157 =
=
Y N
€ 1 7
%
10 A %
(4 I

Plasma Catecholamine

Fig. 10. Effects of intrathecal administration of
1x%10-° moles TRH, HUB-94 or HUB-95 on
plasma catecholamine levels in young rats.
Plasme CA were determined 15 minutes after
admnistration of the drugs. [, norepinep-
hrine ; %, epinephrine ; @, dopamine; Vertical
bar, =S.E.M.; Number in parenthesis, number
of rats. %, p<0.05 vs control by ANOVA
followed by Scheffé’s multiple comparison
procedure.

BL7. TRH k&2 %R ERERIRKRTE, &
HE, BB LUBBERICRSIT S NE E o
turnover @ JL#E®®, ¥ 7 b B non-shivering
thermogenesis 12X 3 L ENTW 3™, EFZDRFET
i TRH, HUB-94 8 X ¢* HUB-95 0w ¥R wT
YEBBLIUSES v b THRBERERAERD 20,
$3FES v Tk TRH 3, l¥T v Tl HUB-94 »
BLBOEAE2RLE. COBEBELTY ALY
F—VEBOBESP, TRH 8L U7+ u70ERE
DBOEEPOREDEDEZEZSND D, L AHE
F v b EBBT Y FOFBRENICE T2 KERLE
CEBLDHBKREVEELZILOND. TEbBHES Y
FOEBRE B EENIC &L % non-shivering
thermogenesis NEETH 29D I LT, KBS Y
b T i3 shaking response *BA{&sSH B L ¥ h 3
shivering thermogenesis® 23 & VS L Tw3 L Bb
N3 . #hit shaking response OHIETH 5 HEKT
ER1%4% 0% shivering thermogenesis @ H#XT 5 3 HIfE
BLIELTE D, HEED > OMERE I L D RE
EZITwE»6THE™. EE, KRZY b TIHE
& B & 117z shaking response 3$iEZ v + T
BiFLALRDNEZ» o7,

A, B%T TRH ##IkRA b L < 3BEERKRS L
B, IRiBE EHDO % 721379, MER LR35 59
BrrEINTWE. Zhe iy CAoL
BELbRIETEILDMERETH>ETED
OO EHRTHS. IR, MEEROBFELT,
M CA LR 2BH21DTHZOERENMELRE
BITERTEECILD?, a, §, 7Oy h—RV
ENVEVTHLREENELRKE 7y 78Il
DO HWRHMEROEERL L 4L, BREAL
EENZLIERANDERABEZLLNT RS . EE

Tablel. Brain catecholamine contents after intrathecal administration of TRH,
HUB-94 or HUB-95 for 1 week in young rats

Fore brain+Mid brain

Cerebellum +Brainstem

Group n NE ] DA NE . DA
(ng/g-tissue) (ng/g-tissue)
Control 5 109£5 315+ 9 143+ 3 54+14
TRH 107 5 9143 388+23 147+ 4 53+14
HUB-94 10°° 5} 9144 352422 161£11 21+ 3
107v 4 1004 36027 163+ 9 29t 9
HUB-95 107 8 T4+2* 204412 146 5 26+ 6
107 4 9447 406148 125+12 11+ 1

Values are mean+S.EM. * p<0.05 vs control by ANOVA followed by Scheffé’s
multiple comparison. a), daily dose in moles; n, number of rats tested.
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Table2. Catecholamine contents in the adrenal glands, heart, brown adipose tissue
(BAT) and kidney after intrathecal administration of TRH, HUB-94 or HUB-95
for 1 week in young rats

Adrenal gland Heart BAT Kidney
Group n NE E NE NE NE

(4 g/g-tissue) (ng/g-tissue) (ng/g-tissue)

Control 5 92+11 214+17 30432 832+ 42 211%18
TRH 107 5 6l 7 151£29 28427 860£140 178115
HUB-94 10°° 6 73+ 5 155+13 262+ 9 762+ 97 134+19
107" 4 88+ 7 123+£17 193+26  1,050+148 108+12*

HUB-95 10°° 6 66+ 2 141+ 4 225+21 973+ 33 92+ 4*
107 4 T1+14 151£36 193423 915+ 94 90+22*
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Values are mean+S.EM.
multiple comparison.

Table 3. Serum thyroxine (T4) levels after
intrathecal administration of TRH, HUB-
94 or HUB-95 for 1 week in young rats

Group Dose (n) Serum T4
(moles/day) (e g/dl)
Control 5 1.8£0.2
TRH 107® 5 1.6+0.2
HUB-94 107 6 1.6+0.2
107 4 1.4%0.1
HUB-95 10~° 6 1.9£0.1
107 4 1.8+0.3

Values are mean+S.EM.
rats tested.

(n), number of

DOEME T, IRkidiz TRH, HUB-94 O #IRA&ES ©xt
BECHNEBCEL L ah o0, SERERSTE
Bl b& U7, 7ME b FRAES TIRERBEO W
THHNBEHICEANEEL2ELE2RAD oD
L, BN 5 TI1Z HUB-94 THEW LH, TRH T
BiIMERERLE. ZhsfEizvwehndy TRH B
LUVZDT7 v 7 OMRE, MWECHT 3 /ERH R
BEMT22L2XBELTHE. L2 %5 HUB-9
BRE5BORMOELTIE, ZOROAEIRNZSE Tt
REICILN, BB L b BHAKRS L) B ER
L#z. Zhid HUB-95 OfFRERMU SR BAE LB
BEDOKRBICOFET 2WREMEE TEBL TS,

shaking response ®FIHiZ TRH 4 LiZ7F o
70 TSH SfEA BT 2 L Ebh™, Lo b Z
ORIGH TSH RBRIEALE > OB EIC L > THER
dhizwzr kb, 20¥F L LT TRH 2F4&E %20
THEAOPOMBEMEOMENEZ 5N TWE . FE

*p<0.05 vs control by ANOVA followed by Scheffé’s
a), daily dose in moles; n, number of rats tested

DO#ESH TRH 28~ B2 5 v TRH,
HUB-%4 B W IHRBEL Y b EBCRGSERL,
BAMEOEY HUB9 TREEENES - 722 &1
HOMEEXFLCwS . £E#MmT v b T TRH,
HUB-94 OkiR LE/EH» HUB9 IV EETL»
 REFH®ER L7 2 &1k, shaking response &
shivering thermogenesis & OFEE % X#7 3 .

TRH Ry 3V E Y —VHEET TO sleeping
time £%HET 243, Breeseld I 7 b o D8
BERABREK LY7oy 280 s L8BEL, F2
Yarbrough® i 7 #1329 > @ iontophoresis i &
DRMEEORESESEART A2 ERELE. 851
Schmidt® g ~> b VY — iz k> THIE E iz
BREROI) VEEN TRHIZEZVEIET A2 £ &2RL
7. Zhoe DFER»s TRH 0OBIREEER T,
TRH & 2R - BEROT¥F LY M EEK
Sa—OrOEEEOERICLILEh TV E®. &
FEDRETIZ HUB-94, HUB-95 Oii7 + o 7 #xt
BB ICEEREE L sleeping time DEMER WDz,
727 v 7 HFiC sleeping time OEHEICHB W T
TRH & 0iEWERERLIZ L3, 4B, e, m
E B & U shaking response i2#i}3 TRH ¢+ 74 o
T OIGEE L S I E R > TE D, ZOMER
DEBFIZIHETL R 2 MRWEVES L Twa 2
EEFBLTVS.

COFL TRH O E¥HESEORKHR TR
NE®-99 DAY® Yok =o™ 74 F,031
2R EOWMBREMESEE LT, 22 TH
NE % DA ¥/ 7I VAR LEHELBE
{H- T\ 3. in vitro T Bennett 5* 3K TER,
B, fIBEDAT 1 ADERIC LD TRH »8 NE &
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DA DB BEKER CHE ARSI ZL2HREL
Jz. invivo TO TRH OAMESE, a-AF 187
¥ 4 1 ¥ (a-methyl-p-tyrosine) TRIMEL 725 »
DR O CA B %R~ T 2 Bif» & 3 B
BIEBCETSE2Z L™ CA B EHE
2 tumnover * TET B E¥hTwa. ¥
Brown?i& 5 v MEIRKY= . TRH 10 g 2HB5L, 10
gt NE, E 0 L&, ZhicfEd g0 LR %
B, SHREIERHERZ v b TIRIED LEBRD S
NWEwZedD EgdRz2ALUCEIBHEL D B
ahzdrlL7. TRH 0BMEEE L 2ERITRME
BHD CA SBWBWwT, DA 3 EF NE T
groms zh o DREEY TH S homovalinic acid
(HV A), 3-methoxy-4-hydroxyphenylethylene glycol
(MOPEG) ik & bic ER®, TH EdMB LR
L2 SHiE# NE Duptake EFAZETH B Z k &
DR CADORHB X URE2EET 2L EATVS.

EHRIBRRTBE L CEBORIERREZRALT
TRH 77 vz CA MlifE% in vitro THREL
7o, #O#EE TRH B U7 ol & bRIKTHE,
BB THREHREME I CA 2 REEL, RKTHMTR
TRH %, BB Tid HUB-95 BSZ2hZhH b EWIEH
BEL. &85WEEIE invivo TTRE B X U7+
0 DEMEREICL 2T v MiIF CA DELEREL
7=. HUB-95 i NE, E & b B REH LR
L, HUB-94 83X ¢' TRH i E 0 - RER2FTD
fo. ZOEFL2MS E SEISHEREREEZ N,
BIEERERONE LR —BT 5.

WU RE L 2BEERN T 220X HET v
Mz 7HM TRH 8L U7+ o7 28ERES L, K
BLUKRMBEBTO CA &8, TH BHEE2AEL ..
MTREIK+ ST TH SHEoMNER 2R 2
TRH 8w T DA SEMHEIMERM%~L, NE &

& 107° moles ® HUB-95 THEIWCETL, 10-
moles @ TRH # & Uf107° moles ® HUB-9%4 T{ET
fErERLE. 2k b TRH B+ PRI B WTEH
TFulicthNiE CA EEREEEL, 72 NE4E
DETIE NE OFECHE~BES L D EES N
HrEZONE. TOFBREOCHMR L EVRL 2
M, TNRBEHBREOEVWIZI S tEbh s,
Agarwal 5285 v b iz TRH 4mg/kg # 1 B 2 @F
DHEBEEACERES L, TH EEL CA &R~
#wETix, SHETIR THEEOEMZEESTI0HE
THEZHEML 5. £/ NESES 5 B Tt
ELVETEMERTPOEBRZEEL TS, ¢
ik TRH 08M#% 57 CA ORHIZER L D EEs
N30, GRRDEERZZINLIVENS Z LE2EKL
Twa. FFO7THMORSHMEITETh 2o
TH FEHEOEMBVLE LRI TR EELOR
3. N+ ERTIE DA ERBIEINT 2/ T TRH i
HARETERZ2RLTED, NE S840 L A8ML
TWw3Z ik, 7F7a7TE =83 v-g.1n 1
Foxy7—EEMEOTEL LIE NE &) DA @
BHEREL THE00H LAG .

BT, B, L, BLUBERKEL EOREHEZD
CA &Bwxt3 %2 TRH 7 v 70R Tk, BRI
BiEBRWTTRTORBET NE /213 E 88&»F
BUUETHLIRETERE2SRLL. £-8%0
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EFRLZLIESET v O non-shivering therm-

Table 4. Tissue tyrosine hydroxylase activity after intrathec-
al administration of TRH, HUB-94 or HUB-95 for 1 week in

young rats
TH activity (n mol dopa/hr/mg prot.)
Fore brain+Mid brain Adrenal gland
Group Dose (n)
(moles/day)
Control 9 1.4£0.1 21.2x1.4
TRH 107° 8 1.7+0.1 23.8%2.7
HUB-94 10°° 9 1.4£0.2 31.1£3.7
HUB-95 107° 8 1.8+£0.2 26.4£3.3

alues are mean+S.EM. (n), number of rats tested.
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Abstract

To potentiate the neurotropic actions of thyrotropin-releasing hormone (TRH,
pyroglutamyl-histidyl-prolinamide), two analogues of TRH, pyrohomoglutamyl-histidyl-p-
rolinamide (HUB-94) and pyrohomoglutamyl-norvalinyl-prolinamide (HUB-95) were
synthesized and their biological functions and catecholamine (CA)-releasing activities were
examined in comparison with those of TRH. In TRH-binding assay system using
synaptosomal fraction from rat brain, HUB-94 showed an approximately similar displacing
activity of "H-TRH (IC,,=4.0X 107 M) to unlabelled TRH(1.9X 107" M), whereas HUB-95
lost the displacing activity to a level of 1/1000 of TRH (1.8 X 107° M). In perifusion system
of adrenal gland and hypothalamus, both analogues and TRH stimulated CA release;
HUB-95 was the most potent in the adrenal gland, while TRH was in the hypothalamus.
Intrathecal administration of 3X 10~ moles of HUB-94 produced a higher elevation of
body temperature and blood pressure than those by TRH, whereas HUB-95 showed smaller
effects on body temperature, pulse rate, blood pressure and head shaking response than
those of TRH. Increases of plasma norepinephrine (NE) and epinephrine (E) by
intrathecal injection of 1X10~° moles of HUB-95 into young rats were significantly higher
than the others. Only HUB-95 produced an elevation of pulse rate by intravenous
administration. Chronic administration of 107"~10"" moles of TRH or the analogues
intrathecally for 1 week in young rats reduced tissue NE content in the brain and adrenal
gland. In contrast, tyrosine hydroxylase (TH) activity in the adrenal gland showed a
tendency to increase by HUB-94 and that in the brain by TRH. From these results, it is
suggested that TRH-induced biological activities are potentiated centrally by HUB-94 and
peripherally by HUB-95, and these enhanced biological activities are mediated in part by
the stimulation of CA synthesis and release in the central nervous and sympatho-adrenal
systems.




