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Tyrosine Hydroxylase Activity in Rat Brain (1) Distribution of the Enzyme and
Activity during Different Phases of the Estrous Cycle

ETSURO NAKAMURA TAMEKO YOSHIHARA, MIYAKO KIMURA and JUNKO ONO

(Received September 30, 1977)

Tyrosine hydroxylase (TH) in rat brain during different phases of the estrous cycle and
the effects of 178-estradiol (E) and progesterone (P) on TH were studied using a modification
of Waymir’'s method. Seven brain regions were dissected from adult SD rats, maintained on
a 11 hr light-13 hr dark lighting schedule, according to the method of Glowinski and Iversen.
The activity was highest at proestrus and then decreased steadily to the lowest levels at
estrus Il in all of seven regions. In oophorectomized rats, E in olive oil (50 »,g/kg, twice a day
for 2 days, s. c. ) decreased the activity in all brain regions, except midbrain and P in olive oil
(1 or 2 mg/kg, given in the same way as E) was more effective in decreasing the activity
except in the striatum at the dose of 1 mg/kg. However, when P was injected concomi-
tantly with E, the activity showed the tendency toward restoration, or rather to increase,
though such was not necessarily dose dependent. The participation of these steroids in the
gonadotropin releasing mechanisms through the action on TH is doubtful.

Tyrosine hydroxylase (LI FTH ¢#4) (E. C. 1. 14. 16. 2, tyrosine 3-monooxygenase,
tyrosine 3-hydroxylase, L-tyrosine, tetrahydropteridine : oxygen oxidoreductase (3-hydroxy-
lating)) (¥ L-tyrosine kt © L-3, 4-dihydroxy phenylalanine (L-dopa) # *#:p4 5, tetra-
hydropteridine # #fif¥3% & L CEKT 2 1 EFEERINNEE T, #WOLERMENZEWEX
BIE8E kL€ > THh B catecholamines (dopamine, noradrenaline, adrenaline) o4 & 75
—XPEICBG T A EEMETH S,

AFEFRITRIT 'Y (adrenaline H:pE), RMyEME ) adrenergic neuron % catecholamine
PEEMILICRTET 5, L72h> T2 OMRESABEOMR, G, M, Mt BE 8B
B, 72, Wi dopaminergic neuron (BH, RBEKM L L) 122 FHET S, FHK T2 neuron
DHBAIR & MR RO R KFIZHEET 505, BMNOKE L Lo IeRZICRL E2EE 31,
LUFHRK TR, BRUK, ik, HE8E, KR g, IMEDNETH 5, F 7284 N Tl dopaminergic neuron
2 BT BiEMED F A noradrenergic neuron (25135 £ L EWY,

ARG —EEEI219774 3 A29H H500 B A KB F RSBV THRE
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Sawyer and Krieg? |3% 3 =~ noradrenaline # AA#IK F&5 5@ LH releasing
factor # @ > 5 S #ESR L TH Y, A catecholamine AsfIK Fi#i— T ik A#AEICBI5 L, LH
releasing factor » 1 2 & L THERT 5 Z L3 THEL 2 %\ € - T catecholamine AR #H
FEEXRSICBE S L Tvb TH (2 LH sriic BRAH D), -8R ic L - T TH &Mas
FoTWBEEZLNE, SRR LI THDZ o NS, R 2285 Lotk
JVE »—178-estradicl (E), progesterone (P)—3t 5 DBz DLW TR L, HEF0mR 211572
DTHET S,

x B FH &

823+ 1°C, {EESSRDIERHEIEESE, WMOHRFMIIMEM (6 R~ 178F) T, BEIRMEFR (H
A 7L TH, CE-2) &K% HHICY 2 THE L 7z Sprague-Dawley S f@FE 2> » + (10
~158%) 13 ~5ILxHw,

7 v P RFRTO ~ 1B I KTSERE 512 5°C DMRIRERICF L, #k Bic Tl s & B
& L) v T Glowinski and Iversen® o)}k T 7 #if—cerebellum, medulla oblongata,
hypothalamus, striatum, midbrain, hippocampus, cortex— (=431, Coyle* m i s BRIz L ¢
0.2% Triton X-100 % 7 1:0.06MTris-HCI buffer (pH 6.0) »10% & (Ww/v) TF 70> hELF
AH—2HOTEREL 4 XL, 10,000X 105 H0°C Tumils L 72 L # FAR & T 2 (5 H6R
L CREFFEL & L 72,

TH (2iEMEA IO THEBEEME TOREICRERED T A4 v | — 7 #H v 2 dilution
method # L% & 4 % ,Petrack 5% & & or Waymire 5% o lik& B8z LT Fig. 1 (2R F
Wiz k- T TH#EMZRIE L2, T4 bb&EEIZ 1- “C tyrosine % v, BEFRMEL L incub-
ation | T 1-"*C dopa # % & & dopa o) Km s tyrosine & 1) #)1/100/h &2 & #FH L T
—€ & dopadecarboxylase # i/l L ¢ dopa M AKFRAVIZBLREE S+ THEET 214CO, &H
LA &A1 mg Y o) tyrosine {§E & » moles /hr TEFREE2ERHL 2,

Wit Fig 1 izord & 9 cBFEME 0.2ml = Tris-HCI buffer (pH8.6) 2.54mol., mercapto-
ethanol 25umol. # L ¢ ferrous sulfate 0.5umol #fiz T&w 04 mlx L, 30°C, 54rR
preincubation # 17— CTEHFK 2 iGMEIL L, #NY¥ %@ 0.2ml % 74 phosphate buffer (pH6.0)
40, mol., 6, 7-dimethyl-5, 6, 7, 8-tetrahydropterine 0.75,mol., mercaptoethanol 25, mol., L~
1-14C-tyrosine 67.92gpmol. # An 7z BRE 2z €8 05ml &4 5, Hbic 25% B-phen-
ethylamine (methanol T# ) # 18 A3A £ 72 Whatman No. 1 jF# (1.7X 8cm) ## A L 7223
ATNWHRZ FRLABREICHET A T4 2HGEE LD, 37C T 205 MKEEILRIG 24T 7% v,
dopa # H:HY & 4, 3-monoiodo-L-tyrosine 0.5ymol. % iEA L TRIG%#{E 1 X245,k sod.
phosphate (pH 7.0) 120, mol., pyridoxal phosphate 0.105,mol., mercaptoethanol 15,mol. 35

1) kiEfRh | B RMREREFE, 21, 161, (1976)

2) Sawyer, C. H. and Krieg, R. J. : Endocrinol., 99, 411, (1976)
3) Glowinski, J. and Iversen, L. L. : /. Neurochem. 13, 655, (1966)

4) Coyle, ]. T. : Biochem. Pharmacol., 21,1935,(1972)

5) Petrack, B. et al. : ] Biol. Chem., 241, 4872, (1972)

6) Waymire, J. C. ef al. : Anal. Biochem., 43, 588, (1971)

7) TILHr 1 44, 825, (1972)
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BRAIN TISSUE
homogenized with 10 vol. of 0.05 M Tris-HCl
buffer (pH 6.0) containing 0.2% Triton X-100
centrifuged (10,000 xg, 10 min., 0°C).

SI}PERNATANT PRECIPIT)\TE
1) ACTIVATION : + |
(5 min., 30C) Tris buffer (pH 8.6) 2.5 pmol. discard
mercaptoethanol 25 umol.
ferrous sulfate 0.5 pmol.
2) HYDROXYLATION :
(20 min., 37°C) 1/2 vol. of activated

enzyme solution +

phosphate buffer (pH 6.0) 40 gmol.
DMPH;, 0.75 pmol.
mercaptoethanol 25 pmol.
[*C] TYROSINE 67.92 pmol.
—_——

ended by adding 3-iodotyrosine 0.5 umol.
3) DECARBOXYLATION : + DOPA
(30 min., 37C) sod. phosphate (pH 7.0) 120 pmol.
pyridoxal phosphate 0.105 gmol.
mercaptoethanol 15 pmol.
decarboxylase 3-8 u
L-DOPA 50 »mol.
ended by adding 30% PCA 0.2 ml
kept for 60 min. at 37°C
4) COUNTING: |
1CO, DOPAMINE
Fig. 1 Tyrosine hydroxylase assay.
HOG KIDNEY

homogenized with 3 vol. of 0.005M sod. phosphate buffer, pH 7.2,
containing 0.01 M 2-mercaptoethanol.
centrifuged at 25,000 xg for 30 min..

[ 1
SUPERNATANT PRECIPITATE

added 1/25 vol. of 20% streptomycin
sulfate solution. discard
centrifuged at 20,000 xg for 15min..

[ 1
SUPERNATANT PRECIPITATE

added saturated ammon. sulf. to bring
to 32% of saturation. discard
centrifuged at 25,000 xg for 20 min..

f ]
SUPERNATANT PRECIPITATE

adjusted to 49% of saturation with
saturated ammon. sulf.. discard
centrifuged at 25,.00 xg for 20 min..

) 1
PRECIPITATE SUPERNATANT
source of enzyme discard

Fig. 2 Preparation of aromatic -amino acid decarboxylase.
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JO7 ZHR LD Y L (Fig. 2 FoHHAL % JesE L 72 aromatic L-amino acid decarboxylase
3~ 8 i, carrier & | C L-dopa 50pmol. # i, 437 C T incubation # T~ T
L-dopa-1-*C (L-1-**C tyrosine t ) 4 U 72) # BifEE &4, 3050 1£1230% perchloric acid 0.2
ml ZiEAL TRIE#EIE &5, #Hio 377 C T 604 Fk# (150 strokes,/min) L CTHE 4% L 72
“CO, # p-phenethylamine |Z5E£IZWFE I NS, 234 TILHK %3 F L T triton scintillation
fluid (DPO 5.5g, dimethyl POPOP 0.1g, Triton X-100 333 ml (= toluene #mMz T1 £ & L,
X512K%E 50 ml iz %) 10ml 290z THC o RHRER BI%E L 72,

7+ b, BB l2 bovine albumine (&5 1 {b2%) %4 - | ¢ Folin phenol X% # B>, Oliver
O DFERIZEL TRE L 72,

PERIVESY DG BABET L7212 7 v M0~ 1LAS TR L, 5 BELU LM
EEELZLNIC I H2HEZ2 ARV E S 235 L, H&REG02HFMBZICKIAL 72, RLES
P tiwrld 17g-estradiol (E) (3 0.05, 0.1, 0.2mg kg, progesterone (P) {1 1, 2mg, kg % 1 [a] &
L7 £ 2E, Pl EBIZ 1 M& % E 0.1mg, P Img kg #4588 (0. 1— 1 BE 88 9) &
E 0.2mg, P 2mg kg 48 (0.2—28) TIT- 72, &8, RILEIFTT3% ethanol
#i olive oil IZVERE L, HIHREEIZ (X 3 9% ethanol &4 olive oil # ¥4 | 72,

£ B B ¥

1. 7w THEMEORMN T

TH &3 & B 1 mg s 72 D) Tstriatum TH H # <, K\ Thypothalamus |z & v, Mid
brain, cortex, medulla oblongata, cerebellum 35 & tr hippocampus (= 351} 2 &M (2 IEH (CKME
Bl 7z, (Fig 3,
2. THEMWOWREIC & 248

MEE I, s & 2 9 $ICfiE - T proestrus, estrus [, estrusll, diestrus o 4 #ii2401F
72, T HiE M (3 BEFE O B W ERAT striatum, hypothalamus (2 35~ T proestrus B2 & L & <,
estrus ITHA 2R LMV SV RIS 13- &) LoE#»BEI Nz, ZoMaEi: mid-
brain (2 35T 4 [k TH - 7277, cortex, hippocampus {2 354 Tl proestrus Bz i3 by
EMEE %ok L 72 Ay, estrusITHA L 1) diestrus #4128 v» T T HiE M 13 € v, Cerebellum &
medulla oblongata T3 proestrus i THIOEEEI L 1) oW iB 2 5 L 725 E DR’ T 4
THEEZIEF IS, FENEIZED Seh - 72 (Fig. 3),
3. PREEHIC X A THEHAZEE IR LY DEE

PRYAEE % 5 HRLL LR OER L 22T » FPIMINEEMZo THE M Fig 4icabns &
4z, IFE#EEM  (diestrus #) HEIZHA, TXTOEAM THINL, %Fic cerebellum, hippo-
campus THBH TH - 72,

178~ estradiol #BR&isEH 7~ b ic#%5 L 728, T HEM(20.05mg, kg Tld midbrain T#
A 8, striatum THEA KT, MO TIZFEBRICKTLZZ, LaL, 0.1, 0.2mE kg
5 i EICEMICT % 54 B (hippocampus ), & 52 (30.05mg kgL Vi LR % X 72
L 72847 (hypothalamus, striatum, cortex) 7'd - T, E Nk b5 & & EHEHOMICEII—F

8) Christenson, J. G. ¢t al.: Arch. Biochem., 141, 356 (1970)
9) Oliver, H. L. ¢f al. : J. Biol. Chem., 193, 265, (1951)
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DEEIZIA LN L -2, Pldl SHdiz2mg kg i d THEMZKT 28 5 EHmH A
5 172 7% hypothalamus, striatum T2 Z DFEEIIH TEEKTH D, 72 1mgkgk 2mg,/
kgD BDEIC L BEHENEIRICIFFICEEI A LN L » -2, E, PRIFHYSICE-TT
HigMEI20.1- 1 BEClIOPEREE SR EEIZ )b~ medulla oblongata, hypothalamus, midbrain,
cortex Tl HEBIZHANL, striatum TI3ER % {, cerebellum T3z HFBHIZRA L7z, HL
ErEFBEML720.2-2 Bic BT 2 BFIE ML cerebellum DIADLEMLTO0.1-1 8L D #L
{ {&F L, hypothalamus, striatum, hippocampus ¢ &Rz Ti3 PP XA L V) L KfE %201
L7z (Fig. 5),

@ Striatum
A& Hypothalamus
81 B Midbrain
X Cortex
[0 Medulla oblongata
QO Cerebellum
A Hippocampus
7
=
Z
=}
I
o O
= oue .
Z B 6 9
E
IR
A5
58 9
£ g
L 9
:
SEN
<
=
= 2
14
[l ; é
Proestrus Estrus 1 Estrus IT Diestrus

Fig. 3 Tyrosine hydroxylase activity in the rat brain during different phases
of the estrous cycle.
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2 - 2 -
Cerebellum Medulla obl. Hypothalamus Midbrain
0.6 0.6 o
—
14 1 9
(0.3 - (0.3 4
__ )
N ¢ N ¢ N ¢ N C
101
Striatum Hippocampus Cortex
0.6 9 0.6+
] —
—
H -
0.3 4 0.3
N C N C N C
Fig. 4 Tyrosine hyvdroxylase activity in several regions of normal and oophorectomized

rat brain.

N

: normal rat (diestrus)

C : oophorectomized rat
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Tyrosine hydroxylase activity in several regions of oophorectomized rat brain

Fig. 5

administered 17 B-estradiol or progesterone, or hoth subcutaneously.

. progesterone 1mg/kg

P1

. control (olive oil)

C
El

P2

0.05mg/kg

1 17 p-estradiol
0

E2 .

1 17B-estradiol 0.1-+progesterone 1 mg/kg

E+P1

"

"

0.2+

n

E+P2 :

E3 :
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# &

7 b THiEMEIZ striatum TH L & <, ki hypothalmus (2% <, MMHIALIZIEH I KMHE
Y, TRz Coyle? B EIZIZIZT—ET 5,

PWREIC B 5 T HittE i3 striatum, hypothalamus, midbrain T proestrus #iic & & <,
estrusIT (& L {1k ¢ diestrus #8i-[@f8 | T3, Youdim 5'9(x 5 . } hypothalamus, caudate
nucleus ¢» monoamine oxidase {43 proestrus # & diestrus B TE L & {, estrus #i THE
W EHE L T aA THEEDL S EHPLL 22im %5 L T\ 5%, F 72 proestrus #1137

ki3 critical period (c#i X LHORU A5 ~ 6 Bl C B TH Y, THAL HEHICER
IHhIENEZLND,

PRELE 7 o M E 0.05mg kg% %459 % & mudbrain LIS L, P 1, 2mg kgit
1 mg kg striatum P2 L Tvb, L2 LE, PRFESTIX0.2 — 2BHNDKET
THEN #2220 1— 182 w) 3T CICLH 28z 2 TR L T LA THEN
pi b LTwb, THIx dopaminergic #5 & O adrenergic 7 fifEHEREICBEE L TW3 A TTH
TEE DR DS R T LB 70 4 0 Tl 70 v noradrenaline ¢ LH releasing factor & &5 & ¢
27501 — 1A THIHM2MH L Zeh - 722 & 12 LH releasing factor |z 31754 TH ik
HoE N LR E L b v, T bIc oW Tid #E Iz 178-estradiol, progesterone
DERT 2 il L UBEN S 2EEHR, cyclic AMP 7 S owWTHRET £ 2 T CEHBiTd
5,

10) Youdim, MB.H. et al. 1 Neuropsychopharmacology of Monoanmunes and Their Regulatory Enzymes, D. 11,
Aduvances in Biochemical Psychopharmacology 12, North-Holland Pub. Com. (Amsterdam), 1974



