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Thyrotropin-releasing hormone ¥ X *
Histidyl-proline diketopiperazine
IS TR O R RIT TS

SRKFERHNERERE (TF 50 BRI

5 % T #
(R 14E5 A26H%Z11)

B kR R L v B AR L E > (thyrotropin-releasing hormone, TRH) & % D&M RAH
EMTH % histidyl-proline diketopiperazine [(cyclo (His-Pro)] o, $#E 5 v + AIRFRETHE OBk
CRIZT BB L. £% S HBOT v M2 1 X107 moles © TRH 2R 7 HMEET 2 &, 4
HiciE LR, BriEETOSHEENESRED SN, ZOERARY T I L7 I vaREEATH
% 6 -hydroxydopamine DS TIME S, #F2—ATIVENLTHRRET B EELLNL. 1X
10-%~10-* moles ® TRH % 7:1% cyclo (His-Pro) @ 7 BREGEFEES 1, MR/ v dr7 ) ¥, F—
NI VEBPERCR S, TORSRSBAICE 08D, TRE offRZME, P, MR
¢, cyclo (His-Pro) OfERIZ/NG, 8, EHMTEECH o7, & 512 TRH M, L, B & UGl
BB BT a—NT I Y ORBEEGERE 2 F@EL:. £%1, 2, SBEOY v MRz
BATERZENRS, 6, 9 x107°moles ® TRH %7zid cyclo (His-Pro) & 7 HRERES L, BEA
HRBERICHT 2 HEERN L L 25, %1~ 2 BHOREHCHRRET RO SNk, £&E
EOoRSTHES a2 Y FY 74 EO cytochrome ¢ reductase (CR), « -glycerophosphate
dehydrogenase (@ GPDH), malic enzyme (ME), glucose-6-phosphate dehydrogenase, hexokinase,
glucose-6-phosphatase £ EEL 72 £ 25, TRH #5#H T CR OET & « GPDH O LF,
cyclo (His-Pro) #5458 C ME O/ET £ «GPDH O LA #BH 6N, IThb DOEIFER L, 2840
BRCZHEL LS, MEOBERFERSEORK  BECHEL, £k 2,80 OBFM LE
z 5hi-. BLEDE R, TRH, cyclo (His-Pro) »ARFIEHEOMBARCA T I -T2 43
DHEHEALTEEL TR I L ERETS.

Key words thyrotropin-releasing hormone, histidyl-proline diketopipera-
zine, RIEFEHEE, #TFa—VT Iy, ShaVFIT

BB 0k L & > R v E v (thyrotropin- TnB? EFRAV ALy yyRF F Y by rORE
releasing hormone, TRH) (&, $EK T &2 & ¥ THh wHBELTWHWE bbb TR
Hani b U7+ ¥ (L-pyroglutamyl-L-hystidyl- . FUFA LT v ORISR RN
L-proline amide) T", FRBHB AL E DT O 7 ik b, TRH IZEHETEA O o iz, ¥

75y DS WREERBSH 2 Z LR T TRESASR L&, RO R LIBT3 2 L5 HBEL, TER

Abbreviations: ADP, adenosine diphosphate; cyclo (His-Pro), histidyl-proline
diketopiperazine ; CR, cytochrome c¢ reductase; DHBA, dihydroxybenzylamine ; EDTA,
ethylenediaminetetraacetic acid; GDP, guanosine diphosphate ; G6Pase, glucose-6-phospha-
tase; G6PD, glucose-6-phosphate dehydrogenase; o GPDH, a-glycerophosphate




TRH 3 X U cyclo(His-Pro) OB ASMEE - RITT HE 687

FVE Y SWRIBER DA OPRIERAbET 5 2 L3
Bob ol Tk TRH fF, WEEEY
BE: BRERESYE L L TERIRATWLE ™,

sz TRH OREHBEIMBHE N2 IV, 20D
R%EW T H B histidyl-proline diketopiperazine
(cyclo (His-Pro)] OZFufER™ LA™ 2585
pizERDDH B,

0 Th, TRH & cyclo (His-Pro)ix, BRI
BLTHEANCE EOBRESHDY, L2rbEO
PEAPRBEVEZ EZNMEBZVEVDATLS 2,

— 5 TRHEAFa -7 s yREteRETZ L
LB WMEShTBYY®, TRH 0B T 2 £WE
ERZNEBTRRT SHEEEOMI, 4T3 -1T
U EOMOMRERYE ML CHRERET 5 Rk
bEZONTVRD™.

4@, &5 TRH %7213 cyclo (His-Pro) ¥4 O
&HTIy MREL, RREZEZIUMRB LU,
SHEABELCERL s N 3BERERLTY, Ml
VRVOBEEDTFERBTHZ2 I FI TR
E?OEBRCS 2o HEERE L. 2/, TRH
PHERZS L, TIREEROY T 2 —L7 3 A
CRIZTEEICOWT b THRE L.

HEE L UHE

. BEH L URREY

FERLZREDS 5 TRH IHROHIDREE (K
R ObDEE, cyclo (His-Pro) &, JLEERFEHESE
BEMELCEREOBEARER L VREL Tz
wWhyDERAWEZ. T raY P Y70 (PH)
guanosine diphosphate (GDP) f5&8ED HIE C LB 2
(*H) GDP (10.0 Ci/mmol) iZ New England
Nuclear (Boston, USA) K DA L. A7 a—17
SVOEERICEREYE L L CHERB L % dihydroxy-
benzylamine, norepinephrine bitartrate, epinephrine
bitartrate, dopamine hydrochloride & Sigma
Chem. Co. (St. Louis, USA) & & @ & F\, fi
BADEMZE (KIR) o bDERAV.

RBEBYNE, VAR5 —FRIV b ERV. EIR
v rDEEL VIS, HAEER LD EEEHEA,
ERA%S AL DEREMHRLL. i, BRI
FoTREBIBROVA RS —FRT7 v bERAV.

1. ¥HnxEFES & URRHE

1. TRH % & U cyclo (His-Pro) &R ADEE

EBSABOVAAY—FRF vy bz 1 X107®
moles ® TRH &, #7 a—nN7 2 EREEAR & L
T®2100u g @ 6-hydroxydopamine (6OHD) % £ B R
K 10u L ICERBEL T, BRI IZREC 7 BRE
EEBEREM (cisterna magna) #5 L7z MBI EEE
Hok 10p] 285 L7, #E5KT LEMEBEOER 3H
BIER 22°C) BLUSCINMERRBROER
BAEAEFEBHEHVTAE L. 2RPERELER
WikESEkEgT 2720, £BSHBO VA AT —%
v b2 1 X107° moles ®» TRH & 100ug @
60HD #% 7 EIMIEMHAMEARS L, MO 1 X
10-" moles ® TRH & 2mg @ 60HD % 7 A&k
BEEAKREL, RERT2E04L B4 ARCE
B@Q2C) B LUV 5°CINMRAREROFEBELLEL
7.

Eol, EBSHABKO YA A —RTI v i, 1X
10" moles @ TRH & & U cyclo (His-Pro) 3 \»id
1004 g @ 60HD % 7 O EHBBENRE L, RE5K
T 1:EBOER 3RS L UERERT 3 BROERS
SERICKHEBZRL, BEb B RHBEaREHRe & O
BExED U7, B L RERERSE & U
BEbhicEREL2HER, 5mM ethylenediaminetetra-
acetic acid (EDTA) % &190.25My = P TH E
CHALXLHE, FhFNI IV FYTHEER
L, —200CItEBRELL. Zo—HEAVTHHE
#1412 , @ -glycerophosphate dehydrogenase (a-
GPDH) &, cytochrome c reductase (CR) &M,

(*H) GDP #&reEREL 2.

2. TRH B X U cyclo (His-Pro) WA 7 2 — 1
7 I ADEE

ABSHBDO VA RS —FF v biCl X107",
107", 107° (B & U107 moles @ TRH = 7z i
cyclo (His-Pro) % 10u 1 OA&HAEAKCEREL T, 7
FI e 8RN (cisterna magna) &5 L7z, W
W, EEAEK 10p] 25 L. B#ERTEROE
B2ERLD LABK, ERB LU 1EM,S 3 FE
D5 CEARBROERBE*ET RS 2A W THE
L. £70, %4883, =— 7 VRET THER
BiRBE 5, M KREER, Miks L UG,

dehydrogenase ; HK, hexokinase ; HPLC, high performance liquid chromatography ; ME,
malic enzyme ; « MPT, a -methyl-p-tyrosine ; 60HD, 6-hydroxydopamine ; PCA, perchloric
acid ; RIA, radioimmunoassay ; Ts, triiodothyronine; T, thyroxine; TRH, thyrotropin-

releasing hormone
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B, BB L UERO 4 D HEEH L, FRRCiEE L
TEBEELWERRHEER, 1.0ml © 0.1M
perchloric acid (PCA) HTH S AKEY + 4 F—iZ
IDREYFA AL, B2 -20CTHEBEEL
TBE, BKATa— LTI VEBOERBEBI -
1z

BOWAEBIBEROYA RS —RSy hi2, v
AKIFIZBY AT -7 I v OBEEELEET 3
EWT®, 3mg O a-methyl-p-tyrosine (a« MPT) %
MHERERE L, BEC 30ng @ TRH % 10 ] Q&R
BERICEREL TEEREM (cisterna magna) 285 L
7o, MRS e MPT OBEBAKS L bIC, £BE
Bk 10p] 2HERNBRE L. BEHB L UBRE 2
M, 4EMBIRZ -7 VBT CHERBRL, Eb
W2 e R B ST, KRR « RN o o & 0N
&« ERED 2 DI AEIRH L. RIERCEIR, O,
EFMBGEFSRLEEL, SEBLEs cERHE
%, ATa-NMTIVOHECHLL. 7, TRH
BEFI» S BER 2HMBROA T -7 & Y OREL
EX BB D cCEHL, ABEEE: L.

3. TRH B Xk U cyclo (His-Pro) O {&{R FHEIE BiE
BAO®E

VAR =Ty FEIFICHT 1B IZ TRH,
I cyclo (His-Pro), MEwk TRH X O
cyclo (His-Pro) # 2 hZNFETOHb b THEN
(cisterna magna) ICH#5 L 7-. FHic L 238253
e, BHOWERELE, F2ABIUEIEOBC
G, BB zhZThiiRo<7F %23, 6, 9x
107° moles 7 HFEEMGREEARS L. ik 10
pl OEBRIEKZEEE 1EIC7T HMEREZS L
7.

REHBEROAB 2B XY 1 BB AELEE
L, &% 483 HEER L TEARAKEZHEL
1o, % 58T, EB (5°C) 8L U 5°CIMFHnE
WERBROEBR2ETHREHEAVWCAELL. &
B6EEI T VHET T, DB X 2EM
&, EbCHBELEITo L.

U 22l 5 mM EDTA %»&00.25M 3 = ¥
BWHTHREYFAXLE, SravYFYTHEE2A
BL-20CESREEL T s, SIAhcRERRS
MEREE L. EoFERRCmEY A v+ (thyrox-
ine, Ty, +Y F—NF+4 o= (trilodothyronine,
Ty bPEL.

0. 2barFY7HE0HRERS & U (CH)

GDP #&E, EEMREUOREZ

1. 2 bay i) 7AEOREE

&

ML & 7o d B aiEi#id, 5mM EDTA
2EV0.25MY s P TR EY 4 XL, Wl
1% Hogeboom & D FIE™ vy, % - BEiskig;
Lee SOFRE VI Fa vy ¥ 7HEZREL,
20 CTHREFLHEEPEERAEICA .

2. (°*H) GDP#EAtE0RlEE:

WEEFZO S P 3> FY 7HO thermogenin i
TV IVAF R EREETEEERZ D> Tuzg
T®, Nicholls @ F&™icfév> (*H) GDP &40
ELT. BEDOS v +»oE o ni-BEaEHB
FAYFUT7HEEESBEK 0.5mg/ml 2L,
100mM 3 = ¥, 20mM N-tris (hydroxymethyl)-2-
aminoethane sulphonate, 10mM choline chloride,
1mM EDTA, 5,M rotenone % & A 7 ¥ ¥ (pH
7.1) #1iz, 100 M adenosine diphosphate (ADP) ¢
EbWAs. (FH) GDP (0.25 nCi, BiRi#iEg
25nM) Nz CRIGERBL, ZBTLDMMEL
7o. SPAVRNYTEASF AT 405 — (Whatman
GF/C) kB BBk, Wik v FLr—vavihvy
i THAEEEREL, (H) GDP &8 L
7z

3. BEBREEHOHEE

CR (EC 1, 6, 2, 3) iz Horecker @ JFE® izftn,
aGPDH (EC 1, 1, 99, 5) i Lee & ® A #*®, malic
enzyme (ME) (EC 1, 1, 1, 40) 12 Ochoa 0 F&™,
glucose-6-phosphate dehydrogenase (G6PD) (EC 1,
1, 1, 49) & hexokinase (HK) (EC 2, 7, 1, 1) &
Bergmeyer & @ 5 3E*, glucose-6-phosphatase
(G6Pase) (EC 3, 1, 3, 9) ix Baginski & D FE?
WHEL . BABEOREIEIX Lowry 50HE K
Eoiz.

Iv. & T., T: DRIEX

m#E T, TsRII44 57 vE4 (radioim
munoassay, RIA) 2 fitkik %2 A7z, HHf T, RIA
Fv bB LU T.RIA v b GREHF, ER) 2HOTH
EL7z.

V. AF2A—~LTPICNEREK

HE 0.1M PCA ThEYF 4 AL, BLEL
ED 0.5ml i 0.5M+ U AIEREEE (pHS.6) 2.0
ml &M 7 L 2 5 30mg, dihydroxybenzylamine
(DHBA) 10ng %#10z T304RERL . BELTL
EEWRIRRE, 743 FEEEK2.0ml T 3EA%S
L, 5% 0.1IMPCA % 100l fHx CH T a—NT
SvERMHEL, 2035 10~20pu] 2HFI—AT 3
YOPIEWCHWS. DHBA k37 a— V737
DEINEIZ66+ T % TH o7
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HFa—NT I QEERIE, ERLFRTSE
(Coulochem,, 5100A) (ESA Inc, Massachusetts,
USA) s AV BEEFE 7 a= 75 7 4 — (high
performance liquid chromatography, HPLC) (& ¥
LC5A) (B3, =) A L. BEMEIKIE 50mM
sodium monophosphate, 50mM trichloroacetic
acid, 0.02% sodium dodecyl sulfate & & , KBt
FrUT LAY pH 23 . 4cFHEL 2%, 0.22um

WA & 7 4 @ Spheri-5 RP-18 (10cmX4 . 6 mm)
(Brownlee Labs., Santa Clara, USA) # £ 150kg/
cm?, HE 1500 pl/min TR W . E¥YEOD
norepinephrine bitartrate, epinephrine bitartrate,
dopamine hydrochloride, dihydroxybenzylamine
bromide & 0.1M PCA WBfEL T, o » 72—
VT BECEbETMAZERRE L. WERA
EENREUE 5 HLAATH -7 .

VI. #EEtZ eI
HIEE I PRELFERREETRL:. FHECED

OTYRT 74T —%BL, acetonitrile #15%
(v/v) OBETIA:. AFI—LT S > DA R

(A) (B)

22°C 5°C for 3 hr

°C °C
38- 38-
37- 7 374
s | :
T 36 7 36- ?
/
8 35- % 35 ?
Al %
M 344 / 34 %
/ /
33 / 33+ 7
ol l6l [4 4 T le| [4] [4] [4
Cont. TRH 60HD TRH+ Cont. TRH 60HD TRH+
60HD 60HD

Fig.1. Effect of intrathecal administration of TRH and/or 6-hydroxydopamine
on body temperature in young rats.
Neonatal rats were treated intrathecally (cisterna magna) with TRH (1x107"
moles) and/or 6-hydroxydopamine (60HD, 100g) for 7 consecutive days during
the 2nd week of life. Control group (Cont.) was treated with 10 41 saline.
Body temperature was measured with an electric thermometer at room
temperature (22°C) (A) and after exposure to cold (5°C for 3 hours) (B) at 3
weeks of age.
Number in the bottom of the column, number of rats used. Vertical bar,
meen=+SD.
*p<0.05 vs control group by one-way ANOVA followed by Duncan'’s multiple
comparisons.
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BREIR, tREEB—TEREMIET>705
Duncan @F&E* 2 & D BEHE #1T\, fEBREKH.
0.05LITR2b->THEEEZHD LHMF L.

15 #H

I. TRH n&RIZRIZTEHE

TRH % 4% 258H 12 1 X10-*® moles 7 F 5@ H &
BAKRE TS Z L2k D, %3 ERTRIEARES
THREBLEHESEL (1), £% 48R TIRERE
THEE»RAESN (F2). LHrL, AFa—AT7 Iy

(A)
22°C
’C

384

37

*

36

35

Body temperature

Cont. TRH 60HD TRH+
60HD

E<3

EREERTHZ 60HD 2 HHARS T 5 L
TRH OB EAEDH 2 IETHREMEL:. 25
TRH OEBEAKR S TRAERERERRELT (g
2), TRH OFEREER I FREEROL 72—
TIrENALTw3EEZLNS.

II. TRH # & U cyclo (His-Pro) OB &R MGs

SURIPALFUTPICRIZTERS

TRH, cyclo (His-Pro), 60HD % 4% 23881z 7
BREERBEREARES LR, £% SEBTOERY
WEEHSOERIZ, 60HD #EHTHBEIETLT

(B)

5°C for 3 hr
"C
38
A1 «
i
36
35
34
33
Tiel14[4] [a[7]]4]7

Cont. TRH 60HD TRH+
60HD

Fig.2. Comparative effect of intrathecal or intraperitoneal administration of
TRH and/or 6-hydroxydopamine on body temperature in young rats.

Neonatal rats were treated intrathecally (cisterna magna) ([__])with 1x10°°
moles of TRH and/or 100 4g of 6-hydroxydopamine (§0HD), or intraperitone-
ally (E=H) with 1xX10°" moles of TRH and/or 2mg of 60HD for 7 consecutive
days during the 2nd week of life. Control group (Cont.) was treated with 1041
saline. Body temperature was measured with an electric thermometer at room
temperature (22°C) (A) and after exposure to cold (5°C for 3 hours) (B) at 4
weeks of age.

Number in the bottom of the column, number of rats used. Vertical bar,
mean=+SD.

*p<0.05 vs control group by one-way ANOVA followed by Duncan’s multiple
comparisons.
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Y, cyclo (His-Pro) B#E5H# THETOEMM:A B M ¥R EMEE&/RO 3 b a vy P Y 7A4EO (*H) GDP
r (1), LhL, £%5EH CBEEL AEED HEREE, £% 3O TRH 5 CHBEROK

FEREBELTVWS. BEBHEOI a2 FY 7D L0BITET L TWwicht, £ 558 TR L I2IER
«GPDH ¥EHix, TRH & 2\ & cyclo (His-Pro) @ BEOEAELRLE (FL).

BEAERS TEE JBERICIETL T, £K’S Figo s b Py 7HEKBY S CREMER, &£
BB LML D ERERIC S o7 (FE ). BIBBRTROTNOFLNBLDETL TV,

Table 1. Effect of intrathecal administration of TRH, cyclo(His-Pro) and 6-hydroxydopamine on
interscapular brown adipose tissue in young rats

Age Experimental BAT weight « GPDH [*H] GDP binding
(weeks) group ¢ (g) (AA/min/mg-protein) (pmol/mg-protein)
Control 8 0.16+0.01 354+53 51.1
TRH 6 0.18+0.03 259+32* 21.1
3 cyclo(His-Pro) 6 0.14+0.008 27043 * 60.1
60HD 6 0.13£0.01*% 287162 61.5
Control 5 0.2040.03 128+4 22.2
TRH 5 0.1940.03 142+12 22.7
5 cyclo(His-Pro) 5 0.20£0.02 14038 23.3
60HD 5 0.22%0.01 166+13* 27.9

Neonatal rats were treated intrathecally(cisterna magna) with TRHE(1X10™ moles), cyclo(His-
Pro)(1 X107 moles) or 6-hydroxydopamine(6OHD, 1004 g) for 7 consecutive days during the 2nd week
of life. Control group was treated with 10 x! saline. Interscapular brown adipose tissue(BAT)
weight, and a-glycerophosphate dehydrogenase (« GPDH) activity and [‘HJGDP binding in BAT
mitochondria were measured at 3 and 5 weeks of age. Values are expressed as mean+SD except for
FH]GDP binding. Mitochondrial [fH]GDP binding is the mean of triplicated measurements, because
BAT mitochondria was pooled from 5 to 6 rats.

GDP, guanosine diphosphate.

*P<0.05 vs control group by one-way ANOVA followed by Duncan’s multiple comparisons.

Table 2. Effect of intrathecal administration of TRH,
cyclo(His-Pro) and 6-hydroxydopamine on mitochondrial
enzyme activities in rat liver

Age Experimental No CR «GPDH
(weeks) group
Control 6 16914 16.9%£1.7
5 TRH 8 95+29% 15.0%1.2
cyclo(His-Pro) 8 9927 *  14.5%2.1
60HD 6 61x12* 15.4%1.5
Control 5 569 27.3£0.7
5 TRH 5 53+6 31.3t1.4
cyclo(His-Pro) 5 545 33.7x2.5%
60HD 5 50%9 32.8+£4.2%

The treatments were the same as those given in Tablel.
Cytochrome c¢ reductase(CR) and «a-glycerophosphate
dehydrogenase (o GPDH) in liver mitochondria were
measured at 3 and 5 weeks of age.

Values are expressed as mean=®SD in AA/min/mg-protein.
60HD, 6-hydroxydopamine.

*P<(.05 vs control group by one-way ANOVA followed by
Duncan’s multiple comparisons.
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E%SERTINBLZERABETH > (F2). —
7%, «aGPDH EH iz, &% 3 EH TSR L N
BELERhbolkd, £HRERTIIREL LR
LY ERETAERICH oI (F2).

ZhoDfERIZ, TRH B & U cyclo (His-Pro) 3%
Bz AV F-BEERNFRIRERT 2L, D
ZORPIZT Y PORRBBTCAMRTH S L 2R
LTw3.

. TRH & & U cyclo (His-Pro) 0{&iR+ & U

AHFaA—LF7IERBCNT 5 ARRCERE

% 2EBEIC 7T HMER 1 X 107", 107, 107°,

2 weeks of age 3 weeks of age

w
&

36

35

Body temperature

By e o @ owm B

0 10 107 107 10-*mol 0 10 107 10%  10-*mol
TRH dose (1x)

4 weeks of age 5 weeks of age
38 O 38
o *
5 * %
2
o
g s
g
8 X
> * »*
3
S 3 36 *
0 100 107 10" 10-*mol 0 101 107® 10 10-*mol

TRH dose (1x)

Fig.3. Effect of intrathecal administration of
TRH on body temperature in young rats.
Neonatal rats were treated intrathecally
(cisterna magna) with TRH (1x107", 107,
10-° 10-® moles) for 7 consecutive days during
the 2nd week of life. Control group was
treated with 10 «1 saline (TRH dose, zero).
Rats were housed at room temperature (22°C),
and body temperature was measured with an
electric thermometer at room temperature
(22°C, O) and after exposure to cold (5°C for
1 to 3 hours, @) at weekly intervals.

Number in parenthesis, number of rats used.
Vertical bar, mean®SD.

% p< 0.05 vs control group by one-way
ANOVA followed by Duncan’s multiple
comparisons.

£

10*moles @ TRH #BEERKRE5T 2 &, £% 3 BR
D1 X107" moles HEH TEHREROKE LR
A& ST, XDZED1 X10" moles #5#¢
BEBEEAFERIMEa T (M3). £& 488
¥, TRH #501F & AL OBICFRETER®RA 2
n, %5 BB T 1 X107 moles 5L ©
BB eENLE L, TRHE OFRFASFCRIZTEER
BWMBLTwBLEZ SN,

NE DA

Cerebral hemisphere

ng/g-tissue

ng/g-tissue

ng/g-tissue

ng/g-tissue

—_— —
0 107 107 10-* mol 0 10-1t  10™¢  10-° mol
dose (1x) dose (ix)

Fig. 4. Effect of intrathecal administration of
TRH or cyclo(His-Pro) on catecholamine
concentration in rat brain.

Neonatal rats were treated intrathecally
(cisterna magna) with TRH(@, n=4) or
cyclo(His-Pro) (O, n=4) (1x107", 107, 107
moles) for 7 consecutive days during the 2nd
week of life. Control group (A, n=12) was
treated with 10 .1 saline (TRH dose, zero). At
4 weeks of age, rats were sacrificed and brain
catecholamine concentration were measured
by HPLC. Left panels show norepinephrine
(NE) concentration, and right panels dopamine
(DA) concentration.

Vertical bar, mean+SD.

* p< 0.05 vs control group by one-way
ANOVA followed by Duncan’s multiple
comparisons.
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cnoDiEE» S, TRH OEBRE CRIZTZE
ppsgrEEsh, RRCHEVCZHETS S 2 e
bmholo.

(A)

ng/g-tissue

100y NE 4001 DA

ng/g-tissue

80

60

40

(B)

ng/g-tissue ng/g-tissue
150 20 l
100 151
504 104
0 | Sammmmmssses — 0- S e —
0 2 4 0 2 4
hr hr

Fig.5. Effect of intrathecal administration of
TRH on catecholamine turnover in rat brain.
Three-week-old rats were treated intrathecally
(cisterna magna) with 30ng of TRH(@®), and
simultaneously administered with 3mg of «-
methyl-p-tyrosine (@ MPT) intraperitoneally.
Control group (Q) was treated with 10 41
saline instead of TRH. At 0 time and 2 and
4 hours after administration, rats were sacri-
ficed and brain catecholamine concentrations
were measured by HPLC. Upper panel (A)
shows catecholamine turnover in cerebral
hemisphere, diencephalon and midbrain, and
lower panel (B) in cerebellum, pons and
medulla oblonagata.

NE, norepinephrine ; DA, dopamine.

Vertical bar, mean®SD of 4 rats.

*p<0.05 vs control group at the same point
of time by Student’s t-test.

2w T, TRH & cyclo (His-Pro) DEEENIE S T &
BRAATI—NT S EBRAORE R HERET LT
(B4). TRH %58 TIZ, MM X UPKMo /v x
A7V e R=nR3y, /IMNgTR/ NEXAT7 Y
DIETHTDH SNz, —F, cyclo (His-Pro) &5 T
i, MM, BB IUEHEO/ v ERAT7 Y ER=2
3y, MBS & OHRO F—3: Y OEBETERRS
shfz. Lvl, BERELETOREC—EOERR
Boohkhok., FRBEROATFT2—ALT I
EBECEHzEIAONE o,

Dz kxb, TRH B X U cyclo (His-Pro) i&™

(A) (B)

ng/g-tissue ng/g-tissue
600 400 NE

500
300
400

300 200

200
100
100

(C)
ng/gland ng/gland
250 NE 900

800
200

700
150

600

100

500

0 2 4 0 2 4
hr hr

Fig. 6. Effect of intrathecal administration of
TRH on catecholamine turnover in peripheral
tissues.
The treatments were the same as those given
in Fig. 5. Panel (A) shows catecholamine
turnover in interscapular brown adipose
tessue, panel (B) in heart, and panel (C) in
adrenal glands.
NE, norepinephrine; E, epinephrine; O,
saline-treated control; @, TRH-treated rats.
Vertical bar, mean=+SD of 4 rats.
*p<0.05 vs control group at the same point
of time by Student’s t-test.
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Table 3. Mean turnover rate of catecholamines

Turnover rate of

catecholamine
(ng/g-tissue/hr) (B)/(A)
ratio
Control TRH
group(A) group(B)
Cerebral hemisphere, NE 9.5 19.5 2.0
Diencephalon &
Midbrain DA 35 68 1.9
Cerebellum, NE 14 o8 5.0
Pons &
Medulla oblongata DA 4.5 5.0 1.1
NE 6.0 7.5 1.2
Adrenal glands E 18 61 1.2
Heart NE 45 92 2.0
Brown adipose tissue NE 62 125 2.0

Turnover rate was calculated from the difference between
the mean initial value and that at 2 hours in Fig. 5 and 6.
NE, norepinephrine ; E, epinephrine ; DA, dopamine.
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Fig. 7. Effect of intrathecal administration of TRH and/or cyclo(His-Pro) on

body weight gain in young rats.

Neonatal rats were treated intrathecally (cisterna magna) with TRH (group
1), cyclo (His-Pro) (group II), and an equimolar mixture of a half dose of TRH
and cyclo (His-Pro) (group II) in saline for 7 consecutive days at a dose of 3, 6
and 9X10°° moles during the lst (#ZZ), 2nd (EE) and 3rd (@) week of life
respectevely. Control group ([_]) was treated with 10 | saline during the 1lst
week of life. Left panel (A) shows body weight at 2 days of age just at the
beginning of treatment, and right panel (B) at 4 weeks of age.

Number in the bottom of the column, number of rats used.

Vertical bar, mean®SD.

%*p<0.05 vs control group by one-way ANOVA followed by Duncan’s multiple

comparisons.
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Fig.8. Effect of intrathecal administration of TRH and/or cyclo(His-Pro) on
food and water intake in young rats at 4 weeks age.
The treatments were the same as those given in Fig. 7. Left panel (A) shows
food intake, and right panel (B) shows water intake at 4 weeks of age.
Number in the bottom of the column, number of rats used.
Vertical bar, mean®+SD of 3 days in the each group.
*p<0.05 vs control group by one-way ANOVA followed by Duncan’s multiple

comparisons.
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Fig. 9. Effect of intrathecal administration of TRH and/or cyclo(His-Pro) on

body temperature in young rats at 5 weeks of age.
The treatments were given in Fig. 7. Body temperature was measured with an
electric thermometer at room temperature (A) and after exposure to cold (5°C

for 3 hours) (B) at 5 weeks of age.

Number in the bottom of the column, number of rats used.

Vertical bar, mean+SD.

*p<0.05 vs control group by one-way ANOVA followed by Duncan’s multiple

comparisons.
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Table5. Effect of intrathecal administration of TRH and/or cyclo(His-Pro) on

=) 7

Table 4. Effect of intrathecal administra-
tion of TRH and/or cyclo(His-Pro) on
serum thyroxine(Ts) and triiodothyronine
(T3) concentrations in young rats at 6
weeks of age

Experimental N Ty Ts
group e (nM) (nM)
Control 6 52.1%+15.4 1.14%0.11
I1-1w 6 59.2+13.5 1.35=£0.26
I-2w 5 33.5%5.8 0.89+0.08
1-3w 6 47.6%x15.4 1.17£0.11
I-1w 6 59.84+19.3 1.32%0.15
I-2w 6 55.3%x13.5 1.43+0.31
I1-3w 6 48.3%x16.7 1.03%0.12
m-1w 6 63.1kT7.1 1.35+0.18
M-2w 6 48.3%x10.3 1.14%0.22
m-3w 6 53.4=£7.7 1.1540.37

Neonatal rats were treated intrathecally(cis-
terna magna) with TRH(group I), cyclo-
(His-Pro)group 1[I), and an equimolar
mixture of a half dose of TRH and cyclo-
(His-Pro)Group II) in saline for 7 consecu-
tive days at a dose of 3, 6 and 9X10™°
moles during the 1st(lw), 2nd(2w) and
3rd(3w) week of life respectively. Control
group was treated with 1041 saline during
the 1st week of life. Serum thyroxine(T4)
and triiodothyronine(Ts) were measured by
radicimmunoassay kits at 6 weeks of age.
Values are expressed as mean=+SD.

activities in rat liver at 6 weeks of age

mitochondrial enzyme

Experimental

No. CR « GPDH ME G6PD HK G6Pase
group
Control ] 17.0%6.1 5.3+1.2 23.21+3.8 1.4+0.6 17.8+1.3 6.2+2.8
I -1w 6 7.6£1.7* 7.8£1.0 19.1£3.1 1.9£0.6 17.2£2.8 3.3x£0.9
l-2w 5 6.0£1.7* 9.9+2.4% 18.8+4.2 2.1£0.5 16.9x4.1 2.3+1.2%
I -3w 6 6.0+1.8* 8.7+1.0% 17.94+2.8 2.9%£1.4 14.8£1.7 2.0+2.0*
I-1w 6 14.1%4.8 7.1£1.8 11.0£4.7*  2.8%1.0 16.0%4.5 3.9x1.1
I-2w 8 12.3+3.4 7.0%£1.2 11.8£3.2* 2.1£0.8 15.8£2.0 5.1+1.2
I-3w 6 5.4+1.0%* 8.7+2.0% 17.2x7.7 2.0+0.8 15.5£5.6 2.1+1.7%
M-1w 6 6.9+2.8% 9.2+0.7% 21.9+£3.9 1.7£0.8 17.2+2.7 2.3%2.0%
m-2w 6 4.5+0.8 * 8.5+2.0% 17.0£3.1 2.2£0.8 14.5+2.0 4.0£2.3
M-3w 6 13.8%5.5 6.0£1.5 21.5+3.9 2.2%+0.5 18.143.4 4.5+1.6

The treatments were the same as those described in Table 4. At 6 weeks of age, rat liver was excised,
and mitochondrial fraction was prepared for measurement of mitochondrial enzyme activities. CR,

cytochrome ¢ reductase;

a GPDH,

glucose-6-phosphate dehydrogenase ; HK, hexokinase ; G6Pase, glucose-6-phosphatase.

Values are expressed as mean=®SD in

mg-protein.

*P<0.05 vs control group by one-way ANOVA followed by Duncan's multiple comparisons.

a-glycerophosphate dehydrogenase; ME, malic enzyme; G6PD,

«mol/min/mg-protein except for G6Pase in nmol-Pi/ min/
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Abstract

The present study was performed to examine the effects of thyrotropin-releasing
hormone (TRH) and its active metabolite, histidyl-proline diketopiperazine [ cyclo(His-
Pro)], on the maturation of thermoregulation in neonatal rats. The daily intrathecal
administration of 1X107"° moles of TRH during the 2nd week of age produced a transient
hyperthermia followed by a hypothermic period. These effects were probably induced by
catecholamine in the central nervous system, since they were abolished by the simultaneous
administration of 6-hydroxydopamine, an inhibitor of catecholamine synthesis.  The
intrathecal administration of 1X107™"~10" moles of TRH or cyclo(His-Pro) for 7
consecutive days produced a significant decrease of norepinephrine and dopamine in the
brain. In the TRH-treated rats, this effect was notable on diencephalon, midbrain and
cerebellum, whereas in the cyclo(His-Pro)-treated rats on cerebellum, pons and medulla
oblongata. The catecholamine metabolism in brain, heart and brown adipose tissue was
accelerated two-fold with TRH treatment. To examine the effect on the maturation of
homeothermia, TRH or cyclo(His-Pro) was injected intrathecally at a dose of 3, 6 and
9% 10~ moles for 7 consecutive days during the Ist, 2nd or 3rd week of age respectively.
Hypothermia was induced in the groups treated during the Ist and 2nd week of age. At 6
weeks of age, the enzyme activities in liver mitochondria were measured, including
cytochrome c reductase (CR), a-glycerophosphate dehydrogenase (a GPDH), malic enzyme
(ME), glucose-6-phosphate dehydrogenase, hexokinase and glucose-6-phosphatase. TRH
treatment suppressed CR activity and enhanced @ GPDH activity, whereas cyclo(His-Pro)
reduced ME and increased a« GPDH activities. These effects were conspicuous on the rats
treated during the Ist and 2nd week of age, indicating that both TRH and cyclo(His-Pro)
affected the homeothermic development in neonatal rats, and its critical period was the 2nd
week of age. These results suggest that TRH and cyclo(His-Pro) modulate the maturation
of thermoregulation through activation of catecholamine metabolism.



