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Tyrosine Hydroxylase Activity in Rat Brain (II):
The Enzyme Activity in Rat exposed to Cold Stress

TAMIKO HIROSHIMA

(Received September 28, 1978)

In the present investigation, I observed the effects of the cold stress (4°C) on
tyrosine hydroxylase (TH) activity as well as on the concentration of cyclic AMP
(c AMP) and cyclic GMP (c GMP) in seven regions of rat brain, comparing with
adrenal gland.

The rats were killed immediately after exposure to the cold stress for 0, 0.5, 1
and 2 hr, respectively. The another 3 groups of rats were returned to the room
temperature (23°C) soon after 2 hrs cold stress and killed at 16, 22 or 46 hrs
after the termination of the stress (abr. 18, 24 or 48 hr groups, respectively).

The activity of TH in striatum, where the enzyme activity was highest than
the another brain regions in the control group, decreased gradually between 2 and
18 hr and restored to the 0 hr’s level at 24 hr. In hypothalamus and midbrain,
T?I;I“'_aghtbivity‘ increased at 0.5 hr, afterwards decreased gradually until 18 hr,
and then, the activity in all of these three regions increased slightly at 48 hr.
Whereas, the concentration of cAMP and ¢cGMP or ratio of cAMP and cGMP in
these brain regions showed no significant difference from control by cold exposure.
The pattern of the fluctuation of TH activity and cAMP/cGMP concentrations
ratio in adrenal medulla by cold stress agreed with the reports of Costa et al.
(1973, 1974). On the contrary, the cAMP or ¢cGMP showed no significant change
in brain at the time observed after cold stress, though the TH activity increased

slightly in hypothalamus and midbrain by the cold exposure at 24 hrs — 48 hrs.
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SENL, A VAR LS, BIBOTH, cyclic AMP & XU cyclic GMP (¢ A
MP, ¢ GMP &¥3) OEB) % ERRICHRE LicO THRET %o

£ B F %

BE23+E1C, BESSZOERERES, RUBRERE1IKE (FiT6R~FHE5K) CEIEGH
(A&7 v78, CE—2) tKkxHHERKE X THE L Sprague-Dawley ROl 5
v b (9~13B4) W, APV AATTIELSERE (4°C) AW,

T HiEMHIEE

4 COEIRER 0.5, 1DH2\ %2 KHEEBRERCKE L# (0.5hr, 1hr, 2hr 2B%3)
&, 2REIREBEERERERE (23+1°C, 55%) BREL16, 225 5\ 3460 BTIE LBt
(18hr, 24hr, 48hr rE43) B IV EEEMBEIC OV TEER Lite WIFR D BEIZFRT ~
1R T oo WIRAREDHK EC UK IVEIT om#K, A HHEZEZWM KR &, Mz
Glowinski and Iversen® ift\~ 7 AL 5888, 0.2%® Triton X-100 % &%70. 05M Tris-

HCI buffer (pH 6.0) ©10%E T homogenize L, 0°CT 10,0008 105EELSE L LR
%, BIBIRE LBEE % E L C0.3M sucrose 6045 &% Fi\ 7= homogenate #EEEHK & L
Too THIEMEN, BEIE &b EEOBESRME 0. 1ml ZHYy, Waymire 5% OF BRI LT
BRAIN TISSUE
homogenized with 10 vol. of 0.05M Tris-HCI

buffer(pH 6.0) containing 0.2% Triton X-100
centrifuged(10,000xg, 10 min., 0°C).

SUERNATANT PRECIPITIATE
1) ACTIVATION: + |
(5 min., 30C) Tris buffer (pH 8.6) 2.5 umol.  discard
mercaptoethanol 25 pmol.
ferrous sulfate 0.5 umol.

2) HYDROXYLATION:
(20 min., 37C)1/2 vol. of activated enzyme solution

.+_
phosphate buffer(pH6.0) 40 umol.
DMPH/¢ 0.75 umol.
mercaptoethanol 25 pmol.
('*C) TYROSINE 67.92 nmol.
ended by adding 3-iodotyrosine 0.5 umol. DOTPA
3) DECARBOXYLATION: +
(80 min., 37T) sod. phosphate(pH7.0) 120 umol.
pyridoxal phosphate  0.105 umol.
mercaptoethanol 15 pmol.
decarboxylase 3-8 u.
L-DOPA 50 nmol.
ended by adding 30% PCA 0.2 ml
kept for 60 min. at 37C
4) COUNTING: =
'“CO2 DOPAMINE

Fig. 1 Scheme for tyrosine hydroxylase assay

2) Glowinski, J. and Iversen, L.L. : J. Neurochem., 13, 655(1966)
3) Waymire, J.C. et al. : Anal. Biochem., 43, 588(1971)
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Fig.1 @/ R+FIHC X b7V, EE & LTHW 1-4C-tyrosine pxbAER IS “CO, B D
tyrosine ¥ & n moles/hr/mg protein TEEREHLZ R LI, /s ¥, & H B X bovine
albumine (8 1{b28)) % #E# 2 L€ Foline phenol RIEX H\, Lowry LYDHBEREL
THIE L,

CAMP X XU cGMP DRI

AP VAAR 0.5 1, 2, 24hr B3 X0 EEELBERCOWTHFET 9 ~11Kc micro-
wave (HiZBE, 1,300w) ZEHH3.5DMEHEL, EDLCHHLCEBTCR TR E##0.2H
microwave ¥ [B&t Lico B LOEIBY THIERNEOBEG LRARCTHE L. BUX6% Y
7 e VEERR D104 E, BEIBBEIIS0AE, EIBEE 131004 & Chomogenize L, Fig.2 1w 3+
JEZ X T cAMP, cGMP ##iHH L, radioimmunoassay (Yamasa assay kit #{#fH) &
THE Lico CAMP, cGMPORERIBEGEL VAR LHE LEEMBE» GRRFORE
#XR¥», cAMP, cGMP p moles/mg protein T&Ei L1z,

TISSUE

homogenized- with 6 % TCA
centrifuged at 3,000 r.p.m. for 15 min.

SUPERNATANT PRECIPITATE

added 6 % TCA 0.1 ml and
centrifuged(twice)

-

SUPERNATANT PRECIPITATE

discard
added ether saturated with water
5ml and washed (four times)
WATER LAYER ETHER LAYER
discard

evaporated in vacuo below 60 C

added distilled‘ water 0.3 ml

RADIOIMMUNOASSAY

Fig. 2 Extraction of cyclic AMP and cyclic GMP from tissue

= B RO

THE%E

B T HiEH 12 striatum T 3 & < #10 n moles/hr/mg protein T3 »#zo %\ T hypo-
thalamus 1ZE < striatum D#Y{, midbrain Tt striatum O YL TFOESELRRE L, TD
flt o #fr, hippocampus, cortex, medulla oblongata, cerebellum TiXEIC{EL, 0~0.5n
moles/hr/mg protein T -7 (Fig.3) , BIBHEEP O T HiEM X 45 n moles/hr/gland ¢

4) Lowry, O.H. et al, : J. Biol. Chem., 193, 265(1951)
— 13 —
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Hoted, BIBEESHOTHEMEIZIEEICEL 5n moles/hr/gland LIFTH -7 (Fig. 4).
T AL LAY VA THER L striatum T2 2hr TR OEA %, 18hr THE
BA®ERL, 2hr CRBIEERELBROM T, 48hr CREEELBHOMB I v LASVE
Lt otedy, WINRLIEBEEOEENIZED bhith -7, Hypothalamus & midbrain =i} 5%
THEM0.5hr T L, 2hr CTEE V<A, 18hr CTEFE VAU TIRK A L
2, FOEBOHN LC24hr CIEERE D, 48hr Ti30.5hr & i2iF% LV MER F T8N Lo
B OIAL CIIBEREEIFEETEL, EFRBBA I VAAHRCIZEEHE LA LTDLNIR
IR (Fig-B)o .
EISEEOTHEMIZESA P VAR ID 0.5 8L 1hr CTETFT#RL, 2hr TRREIE,
18, 24hr & RH L T24hr OEIEFENBERHOIOHHE L1, 48hr KB IEHELBER v
ANBIFELWEE vl BIBRBEOTHERIIFECEL, FLEBBEAMVAARIKIS
EEISIEH DI e (Fig.4),

131
114

94

Tyrosine hydroxylase activity

1 W
0 —ro T T T

12 18 24 48hr

Fig. 3 Tyrosine hydroxylase activity in rat brain during and after cold stress

Tyrosine hydroxylase activity was expressed with consumed tyrosine
n moles /hr/mg protein. Each point (@ ; striatum, A ; hypothalamus, |l ;
midbrain) represents the mean -+ S.E. of data from three or four rats.

CAMP 8 XU'cGMP

BN ¢ AMP & 81X cerebellum T HE <, striatum TRIEMEZR Lic (Fig. 5) 23,
BN c GMP ERIL 720D LD BN THIEFFRAL, FLMMLTLIEZDIIELALERDL
hichole (Fig.6)o BlIFDc AMPERBIHE, RELHBEREBEETHSH, cGMPEE
EC AMPRENT, BBk CGEgdirotc (Fig.7, 8o

FELHEA T VAR I - THACAMP X0 c GMP SEIZWFh OB BT E L OEE)
BB, BEREOEZFEDLNT, BEAMNARIDZEEIFLALEWEEZ OIS (Fig.
5, 6)o
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Tyrosine hydroxylase activity

Q 3 B
() L) 4,—’—-7 T ‘?
12 18 24 48hr
Fig. 4 Tyrosine hydroxylase activity in rat adrenal gland during and after cold
stress

Tyrosine hydroxylase activity was expressed with consumed tyrosine
n moles/hr/gland. Each point (@ ; adrenal medulla, O ; adrenal cortex)
represents the mean + S.E. of data from four or more rats.
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Fig. 5 Cyclic AMP concentration in rat brain during and after cold stress
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Fig. 6 Cyclic GMP concentration in rat brain during and after cold stress

BB E CIIEA AN VAR LI - TCcAMP&EIZ 2br G, cGMP &Ei130.5~ 2hr ¥ T
2RA Lich’, 24hr T c AMP, cGMP ¢ RIEE VvSALEER Lic, c AMP,/cGMP
iz 1hrfEriR b B ERELBHOM 25w LR L, 2hr{Hi20.5hrfif, 24hr {EiZIEFHRFOE
CEE L (Fig. 7)., BIBKED c AMPIIES A I VAL, S5hr CIEF JAEBERD 2 5L L
N L, otk 2hr ¥ 3BT, 24hr ¥ T34 R4 LT, 24hr TOEIXIEHR v ST
Lol BIBEEDCGMPIIA F VAR VB EAELEHZRI I\ T, CcAMP/
cGMP iz c AMPOEB) LRFOB X 2R Lz (Fig.8),

10 1

5\ c AMP e

r10

Ratio of cyclic AMP and cyclic GMP

O

Cyclic AMP and cyclic GMP concentration
( p moles /mg protein)
«

Fig. 7 Cyclic AMP, cyclic GMP concentration and ratio of cyclic AMP and cyclic
GMP in rat adrenal medulla
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Fig. 8 Cyclic AMP, cyclic GMP concentration and ratio of cyclic AMP and cyclic
GMP in rat adrenal cortex

2 15

AP VAR XY THESEZ N CIIEEREMS OB\ IBAL striatum 12 3s\~C 2 hr, 18hr &
WAL, 24hr i@ Uiz, Hypothalamus, midbrain w35 THE ML 0.5hr T LR L,
2hr, 18hrTRRWA Licdd, FOHFOHM L C24hr TRIFEFH Vv AIED, 48hrTi20.5
hr b3 E% LEC E THM L, B c AMP, ¢ GMPOESA F VAR X 2EEICIXT
fLEDBEBOHEMD D5 VZBOLRBDIEh ol —F, BB TRRABBC X - CTHEFDOTH
EME0.5hr A L, 2hrX vi¥in LC24hr CIXIEREMBER L 16K L, 48hrCIEHE v
SV EE L EIBHERO c AMP &L ¢ GMP DIz #EARE 0.5hr & 1 hric s\ THmm L,
2hr#E X A UC24hr B EEEE Uk,

Costa L¥ X7 » P Z4CBELICLE, BIBHEECK\VTc AMP & c GMP DEEHLMN
1RECEBMTHEML, ZDZ X -T2 RHOESBEERBRRI0~22RH CTHESE A FHE
b EMEL TS, ¥z, Guidotti 50 |3 2 BEEIDEELS A b VAIZA b U AR 24~48 By
MBSO THESEZHEMT S LHE LTS, SEOERCHEVCTCLEIBTIIIALOH
&HERABORERYB . Meuller 5712 X% &, PHRiICEVTH norepinephrine neurone T

5) Costa, E. et al. : Neuropsychopharmacology of Monoamines and Their Regulatory Enzymes,
p. 161 (1974)

6) Guidotti, A. et al. : Naunyn-Schmiedeberg’s Arch. Pharmacol., 278, 195 (1973)

7) Mueller, R. A. et al. : Mol. Pharmacol., 5, 463 (1969)



No.23 (1978)

EBAIN VAR LT THEEOHEIBERLTWEWH, AEETH striatum X v hypo-
thalamus, midbrain s\~ C48hr# CT HiEH OHIA A bhvich, ¢ AMP, ¢cGMP €&
BBHWEICAMP /cGMPHRICIIEIBCALN S & 5 RHERELIRDLRT, Thb&T
HiERDOES A MV AR X BBIEIRD bR » 1o

BREESTETC L X b, NEMEEY b O acetylcholineDFEREAEM L, BB 27 v=7 4
VHIRFBOTHERZFETH LW HEY 50, THEEOEENTIX cyclic nucleotides X
M T, ZhbdEECEROD S acetylcholine it oW CHEREZERLILENRDS 5,

¥, AIBEEFOTHESE LY c GMP 2RIEREL, AP VARIZEH I
2%, ¢ AMP @B IXEAEE0. Shrif CEFHKAER O 2 L L L, zhiikGuidotti 52
DHRELTD X5 TEENDODOACTHERC X 200BENIECHRFEBLETH D,

AERCEL, KB E2EE ¥ Lo AEESREFE PR BEE, RN EMCE# L
3,

8) Ismail, HU. et al. : J. Pharmacol. exp. Ther., 204, 676 (1978)
9) Guidotti, A. et al. : J. Pharmacol. exp. Ther., 189, 665 (1974)



