Catecholamine Metabolism in Experimental
Phenylketonuria of Rat 1. Effects of Maternal
Phenylalanine or Tyrosine Hydroxylase Inhibition
on Postnatal Maturation of Catecholamine and
Amino Acid Metabolism in Rats
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BB T37 22— 7 5= kiR (phenylalanine hydroxylase, PH) 8L UFu >
KE{LBEF (tyrosine hydroxylase, TH) OEE, FRBIBEHBOATI—ALT IV, HfuFv >
BLUT7 I/ BARBRPERBICEZAEECIOVT, vt 2HVTRAE L. HRE2HAEDS v b
iz, L-para-chloro-phenylalanine 100 mg/kg #/H 3 EIERENESH T2 & & bic, KRAKIZ0.2% D1
ET72=—VT7 7oV RFEMLEEZS, FUBOTEHERE, £BROFERNTE, NEEOE
TBLUAKDO TH EE-BBOEAZ7) VBIUBO/ LAy ) &8 - ML & MO E
B7: BBECETER2RDZ L b, RERMEORBGEBERRESL. I LT, AKX
W 50.2%0F 0 VERMICAZ, «-methyl-para-tyrosine 100 mg/kg OS54, (FOKXKM TH &
HrlFEr1 o3y Y BEOETBLURRN -3 v EEOBEME b6 LR, RE2RINT
BEBRIED R, INoD I kX, B0 PH 0EEM TH OlEEIEL, #Fa—-1T7 3y,
7i/BREEEDLFORERBIINL, IVEEOBEL2E5ZS L ERETS.
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7z=—0V% b > RIE (phenylketounria, PKU)
i, Folling®iz& b, RhAD7 2= —NEXERES
BOBMEF O FESERB L LT THE S h,
Imbecillitas phenylpyrouvica ¥ iEhrt:. %D,
Jervisic & D BREELAEEA * L 2BEHERTH
D, FBETHE 72— N7 F = v KBILEE
(phenylalanine hydroxylase, PH) (ECl, 14, 16, 1) ®
REIEBAERMABMEE L LTERES LY. D
%, PH XiELS iz PH OWBEETH 3 tetra-hyd-
robiopterin % dihydropteridine reductase @ X#8ic
o THEBOERZET 22 L @ES K, B
B7x=—n% b R (atypical phenylketonuria)

CIEENTE Y, PH KRB & 5 H8H PKU 2 idX
FENTnD. vwTFhict s, EEONEEELED
o8, W PKU Tk, 4% BRIV E7 2 =—17
S VvERERTRY, 7x2=—V7 5= (phenyl-
alanine, Phe) OMPEE R EEZICI v o — LT
BT LIZED, HEEERTFYH T2 I LBHETDH
5. Lyl, BEOH G, BREFCETHHEIIE
TCRRERErFELTBY, B, & Phe MED
RELZH>TWNE.

Dent” iz PKU ORE» 54 £ - MIREREE E 3 41
FHELS, 50 RIEE, W LBEFRLL
ik PKU Tz -7 b 00, RIBEICIRE L@ L

Abbreviations: « -MT, a -methyl-para-tyrosine; BAT, brown adipose tissue; CA,
catecholamine ; DA, dopamine ; E, epinephrine; NE, norepinephrine ; PCPA, L-para-chlo-
ro-phenylalanine; PH, phenylalanine hydroxylase; Phe, phenylalanine; PKU,
phenylketonuria ; T, thyroxine; TH, tyrosine hydroxylase ; Tyr, tyrosine
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T Phe oFWEHAMIZE o Sl , MEBEEES
blzssnzeELHNL. DK, Stevenson 5% D
125 Fisch 5% Lenke & "D EEOHEFRE, &
W7 2 =— N4 b VRIE (maternal phenylketonur-
ia, B PKU) oS0 E Lifoh, ZRRETI» 50D
Phe fiF@ED 2 Y bo— L OEER, ZOFHEK
rLTEAEAshTwS . % PKU OBR&HELT
i, FERASERE - NEE - ERELFRCMZ,
AEEE - HEBRORBTREES S A 50, REHE
H-#Bazroks b iRsh 2. Richards I £ 3%
r, RraohaHEEEES, SEOZTA L DEEN
VELELEbN TV 3V ERBOREOE Phe M
fEH, TASORREEFEZ SN TITVE Y, REEE
PHBEEEQED A W =X L2 DWTIE, RETHT
bHd.

85 PKU &, PH O RIEWC XD Phe » 5
tyrosine (Tyr) ~ORE»EES N, fuHD Phe D E
EBIUV Tyr DETHZORETHZ™. LrLid
5, Tyr b8 o ERENDI AT A —NLT I~
(catecholamine, CA) % ¥ 1 © # ¥ > (thyroxine,
TYRHBERE LTI LRBERHCEGRSND . EE,
H#H PKU icB8W Tk, o CA 2w b = »H#
DEEIC >V TH NPT HRELT LT EY. —F,

Az,

SEEE R, EETOBEKIZBEITS PHBIUF D
Y v kB LB % (tyrosine hydroxylase, TH) (ECI,
14, 16, 2) YEHDBEE, B CA, T, 73 /BAH
52 BEBIIDNT, HEREL:.

BEE L UFE

1. REREY

1. BBl 37 22—V 7 7= v kBILEBE
(PH) 8 £ U'F oy k@B (TH) 0EEN&®

Wistar RIERZ v b2V, ERE2EELDE
BRIt £58 L, 0.2% L-Phe (Sigma, St. Louis,
US.A) &7z L-Tyr (Sigma) 28KfAKk e LTHEL
‘b D%k, PR, THELL, ZhsofkEAKEH
Z, PH 27213 TH 2[HEF T 570, HEE 2B
& 100mg/kg O L-para-chloro-phenylalani-
ne' (PCPA) (Sigma) & \> L « -methyl-para-tyrosi-
ne® («-MT) (Sigma) 2FH 3 BEEEAKE L, PC
B, TM Be L. Fiz, KAKCHT 2 8MET%2
by, SEAEALEEARE LD ERE (C
B L.

FEFZ v M, £%3IBEM, WAOLHET v b

LRE—r—YIRTEFLE.

2. FEFI v bOLE

% 1ES LU 2EER, AES v OXEES %K
EEZC L ORM, BELEESA ORI ES
10mg/ml D XNHY VUV FLEERVTERER, ki
2 -200C THBHRTEL, BH7 2/ BOmHL
Jo. EleBzownwTix, Hlik, EEERHEL, BN
DOXM%E Iml O 0. IMBERBERACTREY 22—
b, 4°C, 2,500rpm T104fE&E L8, EHE%-20C
CUHEBERTE, CA DRIES & UHEBET = /Bt e
Fix-7-. &oiz, BIBEBIUEREEEEL, Ao
BETHREY 27— MLEL, CA 2HEL:. §1:,
B oKAIARKIE, Iml ©0.25MESE*HVREY 2
A—b,B®OLOLELBCT THEEB L UBREES
HEL.

3. BRBRBEER

B OEMSOFEFS Y bRDWTIR, TTRE
BRSNIEIL TV B ER4GEBIC, ERQ2C) B
URAREAT (5°C, 1M i, BEFHRBE 2R
WTHTOFBEHE, €612, Ik, BI%, B¥HSB
whAsREEM (brown adipose tissue, BAT) 8 & V'l
PERL, FRERBOFETOE, CAxRELL.

II. AEFRE

1. #57a—1L7 3 (CA)

CA i, UTOAECREL:. ®E€EYatr—bL
#0.5ml i bV ABEREEN (pH8.6) 0.5ml, EH7
V3 (FOYeisE, KER) 50mg, YeERoFy~RyyY
A7 % (Sigma) 10ng %00, 305F»ICREL L
%, BD, B E 2ml OFREKE BT 3ERRL
oo TASFICRES R CA W, 100p] ©0.1M#@
HEBRTHEH S, #0 20l 2 AV, Shimadzu
LC-5A (Shimadzu, Kyoto) = TEEE K7 a7/
74 —¥icEh CA 2HZE, BERLEFREUS
Coulochem 5100A (ESA Inc., Bedford, US.A) & T
EERL 7.

2. TI/BOER

MR URIC BT 2887 3/ BBER, 7/8
B B4 78 LKB-4150 (LKB Biochrom, Cambridge,
England) « THIEL 72.

3. TH HoflE

TH HOFEEI DTk, Nagatsu & D FFEICHE
W, BTO LT o7, REY 23— B 200
w1 I MEEBRAE@IHE (PH6.0) 10041, 1mM
L-Tyr 1501, 10mM FifRE—#7 v ® =7 4 (fIX
WEE) 101, IM2-AAAT LT/ — (FIEHR
WL 10mM 6-AF 0 5,6,7,8 FhIEFT
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771> (Sigma) 501 £f02, 37°CT204 M4 >
Fan— b L, KGO SMBEHEFERE 3.0ml %N
2, LAWK LMEEEA U v A (FIEHEEE) 1.8
mlEmL, oL, EOEEE 8L T A (B,
7yn—54 + CG-50 pH6.1, 0.5ml; THE, iEE7T
W37 0.5g) WL, 5ml OEEATS5 B 7.
EHTNVIFEREL 7 L —s9% 0.5MREEEE 1.0
ml wEH L, Johnson 5" DAKRT L-F—1%2EE
L#-. TH ¥\, EAE s L-F—s¢& (nmol/
hr/mg protein) TR L7z,

4. BHOER

EH®E L, tonein TP ¥ (Otsuka Assay Lab.,
Tokushima) & CEZL 7z.

5. TOEE

miE T,OEE, Eiken T,RIA kit (b2, &
B ERV, I9FA LTy A B EDITE 7.

6. BEETFROALE

BRI, FHTERFEETRL, FEHEOEORE
I —TCERE 8k, Scheffe DEBEHK T4 -
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2. BRESRLUT 2L o THEEEL L.

B 1#

1. 84 PHSLUTHRENHEF ISR 288

1. REBS L UKEERE

ETREERR, 2 bo—ADCETIZ5.610.2¢
THoleDxtl, PH #HEL: PCHTIZ 5.0+
0.5 LEEITEL (p<0.01), £% 4BRICBT 5E
By, th7Ph78t7g, 63+4g & PCHTE
¥FTh-7 (p<0.01). ZHITHL, B Phe 252
7P, BLU, Tyr 2520 THIEZBWTIRETR
IDEBR2ERETCERECHBLIDE® 52 p<
0.01) (& 1).

AIKOEZS, PC BT 288V T 778+64
mg & CEEIZ B 1) 5 877+46mg 2 tb L{ED o 7z D izt
LT (p<0.01), PHE, TEHTIH 1ERTCRELD D
WMotz (p<0.01). THhbbH, Phe BLU Tyr D&
WX, FOFERL LIUVEROREEHES hIZEEL
Twiz (#2).

Tablel. Body weight gain
Birth weight 1w of age 2 ws of age 4 ws of age #
Group g M ¢ @ g () g ()
C 5.6x£0.2 (4 10.3+0.6 (6) 28.7+2.0 (6) 87 (5)
P 6.7£0.1 (2% 15.5=0.5 (B)% 38.2+1.2 (6% 88+6 (5
PC 5.0£0.5 (4% 9.4+0.7 (6) 26.5+2.7 (6) 634 (B)%k
T 6.4+0.3 (K  13.1x1.4 (K 33.4%x1.7 (B)x T4+£3 (5)
™ 5.6+0.2 (9 11.4£0.9 (6 29.2+0.9 (6) T7+3 (5

C, no supplementation to drinking water and saline injection.
P, 0.2% phenylalanine (Phe) solution was given as drinking water.
PC, 0.2% Phe and para-chloro-phenylalanine injection.

T, 0.2% tyrosine (Tyr) as drinking water.

TM, 0.2% Tyr and a-methyl-para-tyrosine injection.

4, The rats 4 weeks of age are different litters from those

n, numbers of animal tested.

aged 1 and 2 weeks.

Values are mean + SD. %, P<0.01 vs control.

Table 2. Weight of the cerebrum

1 w of age 2 ws of age 4 ws of age

Group mg g(n) mg %n) mg f%n)
C 368+33 (6) 87746 (6) 1109+ 26 (5)
P 41T+ 7T (6% 965+33 (6)vr 1124+ 54 (5)
PC 36414 (6) TT8+64 (B)% 998+ 17 (3)
T 452+25 (6% 88625 (6) 1131+ 39 (B
™ 385+15 (6) 82520 (6% 1026100 (5)

Abbreviations of the groups, see the footnote of Tablel.

n, numbers of animal tested.

Values are mean + SD. %, P<0.05; %, P<0.01 vs control.
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2. Kooy kE{EBER (TH) & (&3)

2EESICB AR TH &3, PC B 232+
35pmol/hr/mg protein, C#¥ 600+ 178pmol/hr/mg
protein ¥ PC HTCHILLARLE» > p<
0.01). %7-, TEBLIU TM B0 TH 2;8%
T, zhFH 227+132, 280+ 100pmol/hr/mg
protein k{E#s 5748 (p<0.01, p<0.05), WTh b
—@BETABEBTRCHEOMEERRELZR DR
moiz.

3. BB AYTFa—ATEY (CA) BE
1)

KB ® norepinephrine (NE) & &%, 1:8#, 28
Bzh e CEM44+ 3, 132¢8ng/g brain TH o7z
oL, PC BTRZhFh56+12, 1564+15ng/g
brain ¥ E» o7z (p<0.01). LyL, TOHETOEE
epinephrine (E) &3, 138# 293+41lng/gland, 2
JE# 663+ 72ng/gland & CEED Z N2 1354+21,969
+131ng/gland W LIEL, &%, ENEZEIKOW
Tk, 138% 2.2+0.7ng/kidney L CE¥D 4.0x0.9
ng/kidney W2l U{E» o7z (p<0.01). —75, TM ##
2ERBOBIBEBLIUBDOF— 3y DA W, &B
WETFT LT (p<0.05).

4. My TBE (F4)

mETERS &, 1B, 288 b PHTIECH
LD EEE L 2EANRD SN, BELZLDOTR
mivotz. £, TEEIUTMETE 4 ER S
T, £H122.420.32g/100ml T, CHED 3.3£0.5
2 g/100ml i LIEETH -7 (p<0.05). —7F,
PCRBz BT 2IMiE Tk, BELSRLEED S I
otz

5. M#EH L UMOBET & / BOKE

M7 3 8z, 1EBOPHTCHICLLL160%
LHEML T8, hoBETERE »RELRED R
Motz L Lk, 2E®HICBIT2 PCBIINR

D54% EETERLTEY, 4GERCIZEELL TN
7z (E2).

—7, MOEE? 2 /BI3, £B1~2HBIBWT
BERE L, £% EBO PCHEBWT, B7 1)
33 X * taurine, phosphoethanolamine, asparta.
te, y-aminobutyric acid 2 &L EET I VBB LU
7 VN, CREBIBLV_AVDSBBIERP LT
7z (B 3).
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Fig. 1. Catecholamine contents in the forebrain
(upper panel), adrenal gland (middle panel)
and kidney (lower panel) at 1 and 2 weeks of
age. Left panels, norepinephrine; right
panels, dopamine ([__]) or epinephrine ().
Abbreviations of the experimental groups, see
the footnote of Tablel. Y%, p<0.05;
%, p<0.01 vs control.

Table 3. Tyrosine hydroxylase (TH) activity in the brain

TH activity (pmol/hr/mg protein)

Group

1 week (n) 2 weeks (n) 4 weeks (n)
C 531+254 (6) 600178 (6) 112426 (5)
P 419+207 (6 734189 (6) 11620 (5)
PC 234+ 86 (6) 232+ 35 (B)% 123+ 4 (9
T 519+ 87 (8 227+132 (B)% 10715 (8
™ 527+ 81 (6) 280+100 (6)% 116435 ()

Abbreviations of the groups, see the footnote of Table 1.

n, numbers of animal tested.

Values are mean *+ SD. v, P<0.05; %, P<0.01 vs control.
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1. B0 PH, TH EHEAEIF0FRBE#E
BBz 3EH (HM4)

A4V T, BR2CCICE TS RRISHE
cERBO Mo, BCK 1IRHOELRE£TT
Bol BT, CHH36.0L1.4CTHo7DITHL,
PC BTI333.6+0.6°CEHREI(EL -7 (p<0.05).

TESLC TM BBLT o CELVEVED
Holh, EEZLOTREh-7. ThASEEKRS
ERLLBETIE, BEHREROKR DA BESBEML
Twiz. &7z, PC BETEI® NE 204, BAT
BEDEFT%, PC#, TM B0 BAT ®» NE&2&0D
BWiNeEHzZ X, ZhoDEIZBIT2 BAT TO

Table 4. Serum thyroxine concentration

Thyroxine (4 g/100 ml)

Group 1 week (n) 2 weeks (n) 4 weeks (n)
C 1.2+0.2 (8) 2.7£0.4 (6) 3.3+0.5 (5)
P 1.7+0.3 (6) 3.6x£0.5 (6) 2.8£0.4 (5
PC 1.3£0.7 (6) 2.8x1.0 (6 3.1£0.5 (5
T 1.3£0.2 (6) 2.8£0.6 (6) 2.41+0.3 ()
™ 1.0£0.7 (6) 2.2£0.2 (6) 2.4£0.3 (B)¥r
Abbreviations of the groups, see the footnote of Tablel.
n, numbers of animal tested.
Values are mean = SD. v, P<0.05 vs control.
tw U gy

pmol/ mi

CPPRETTM

e
®

wmol/ml
e
®

wmol/mi
s e
2@

°
5
pmol/ml

Fig.2. Total (right column) and free amino
acid and taurine (left panel) concentrations in
plasma at 1, 2 and 4 weeks of age. Group C
(1, O); group P (M, ~): group PC
(i, a); group T (FEH, O); group TM
(7y], M). Abbreviations of the experimental
groups, see the footnote of Table 1.
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Total amino acids (=== }(umol/g brain)
Main amino acids and amines (umol/g brain)
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o
T

=
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Fig.3. Total amino acid (horizontal bar) and
main physiological amine (vertical column)
concentrations in the brain at 1, 2 and 4
weeks of age. ([__]), taurine; (}1:)), phosp-
hoethanolamine ; (). aspartate; (ZZ4),
glutamate; ([7.]),y -amino-butyric acid
(GABA). Numbers on the horizontal bar, per
cent of the control level (100%) of total amino
acids.  Abbreviations of the experimental
groups, see the footnote of Table 1.
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Fig.4. Changes in body temperature (left upper
panel), catecholamine (CA) contents in the
brain (right, upper), adrenal gland (left lower)
and brown adipose tissue (BAT) (right lower)
and BAT weight (right lower) after cold
exposure (5°C, 1 hr) at 4 weeks of age. Sym-

bols of open ([__]) and shaded (ZZ4) column
are indicated in each panel. NE, norepinephr-
ine ; E, epinephrine ; DA, dopamine.
¥, p<0.05; %, p<0.01 vs control.

BMEADTEETRTZ2 D EbN 3.

% &=

SEOERIE, 7 v b OERE 2818 2 BB
72— T7 I = vkELEER PH) OBRERFOY
VAKBLEEE (TH) OIEE IR, FOLEBROEE
MLIDAKEREES LT IEERLTVS.
ko PH Ete#MHEELZ PC BTk, fFICEHAER
&, FEHINTE, BEERREEL TR, I1
SDFE G, B4 PKU ofFEROEE : 8T 2
LOTHB". &b, SEOERTI:, PC B #E
EDREE LT S Rkh, Bt PKU B8 2 FOH#
EAET®MER, BIPERCSVWTLREALSZ
W, PC Bictb~2 &, THEMEZHEELL TM Bz
CA BIU T.ABLT, ThBRELEELS
Z T3 w72 - Jz . L-para-chloro-phenylalanine
(PCPA) i, PH DHZSET N L7 7 kBB
R bEETEIEER, L<HORTEBDY, Zhb
a-MT 2kt L PCPA OREEM M L DBVWEEDO—D
oLV, UL, RETI/ EBTDH?
Phe 0 4EmEgEEE&ks Tyr DFN LD b, FER

FBIIHL, TVAENTHLAREELHS .

SEEEF, PH BHEAEORERITZ >Tuin
25, PCPA BLUa-MT OERICETIERT -5
W, WEICEE S 2 8T %999 Chang 51z &
niE, v Mol € PCPA 360 mg/kg * 1 @5
T3 &, PO PH IEMEA 24K M5 129026 Tty
CIEESNL L EbNTVWA®, ¥HiZ, PCPA o
EVEMEEER 6 HEME TPt ahTwi i,
LD, XEAICIEREan T2 PCPA DEREYL
Epam o+ 2 HINT, H3AD1ORTHS,
100mg/kg #HFIRE 2 BCREA 3E®RE L.

FiE @ PCPA, Phe O#tH B & Ua-MT, Tyro
BEELED, FORBR CA, 73 /BARIENR:
bl s BB TRIET Z L, EHEREL. PC Eizsw
Tix, EBEY 2RO K CA O/h& 2E s,
HRRAGESIEIIN TV AR TOEKR 4 BRIz
7o Th, FIKMHESR, BB, BRMBGERES:
ShEBEHANBEBCIAREZEBEEERIZLIVE. &
o, MEBLUKTO7 2 /BREBEIX, Thzhisk
2EBBLIUABETETLTVE. 7 ==2—0VT7
=V MfEE, RKEEET Yy MZBWTHEAT v bE
B, MBI 2MonB7 S /BOBETELRLT
EEDbRLTWVLEP,

% PKU B8 F 2RO > 5, bHMEL &S
mEEEEQORE ISV TIE, Br oREBzEh Ty
248, HEEEEONELERT 2 I L XEHETHY,
WHETHSL Lk, PKU BEOMIZIBWLTE,
DNA, RNA, BEAORY ™% £ £ v o &R
fbx@Bposs, 2hiE, BV U RY — OB LH
BL, MBI BEOARBEEEZRETS50LEL
SNB. $h, MEFHNIEZIhIHEORREL,
1Y YORREEESTORERR L LTELSE
- s sOBKET|ERIT-RWZEREL
<, BRETHHIEET S Phe 2w LIk 2 ORH
EMEE?, bowid, OT7T I/ BLEDLT I/
RO RS n Y g s R, 851, ZRK
wEBEEZFETHSS CAY, Y ST 7
ro b=y roEtsEbo THHATEERLS
3.

T, SEAVELAEBCIVBEELL PCPA
OEMHh ) FeRIZTHRCEL Tk, LTS
5z D. Trbb, FEFT Y b AO Phe £7
2T, MBI RYYRY —LOREBEIL
L, E/V—LBOYEY —LEHELTH. IhoD
Y —LBY RV —Lk, MICBY2EARRCE
RSN C Ll , MEENCREEORETHE
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o, HIGNTWE® Phe LkoTb s &
ns o DEMIE, EFEREERD, HET v
FCRBEMESEOY, BAZ v P TRIEFEEET
pords, L, INH5DEEIPREBORIEZ
prihild, FLORKEER52, BEHAROESE
REDERARBEEELTOTRANS I 5.
LaLids, FOELE AL X LD,
fHrRHEFETLILOLEDbRS.

- =

FERORBICE T 3 7 22—V 7 5 = kLB
% (PH) B U5 v Y v KERILEER (TH) OEES,
FEFIE2 2 WEEEN, ROBREE:.

1. Bkic8 s TH OBETIR, FOorFa—n
7ive T.OETHED ST,

2. ke s PH OERFIIBWT, B
B, MERET, T3 7V>, JAIERT7Y VD
BT, X0, M, BBl 37 3 BEEOCET
gy, LEEZEERR N,

3. PH OfREIC X - T, FOFRREHEED KB
CEENED LN

3

#t 3

BeRzdwhizh, ik, HEELEARBMEBY» L
BEiAORBIIC, ERBR#BLET. i, EBROHNE
EHRE BEEE R W E U EBREE L, B
CEREBL LT 3. &6, 8, fiivwiclfuig
RRFENRRIFHEE NI, EhTHLBL L2 T

2B, FRXOERIXE 4 OEBAERKE AR ¥ S (19874
58, &) kBwIHKEkL:.
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Abstract

The effects of the inhibition of maternal phenylalanine (Phe) or tyrosine (Tyr)
hydroxylase on the postnatal maturation of catecholamine, thyroxine and amino acid
metabolisms were examined in young rats. The three intraperitoneal injections of 100 mg/
kg L-para-chloro-phenylalanine during the second gestational week together with 0.2% Phe
solution as drinking water produced a marked reduction, in body weight at birth, body
weight gain, brain weight, cerebral Tyr hydroxylase activity, adrenal epinephrine, renal
norepinephrine and free amino acids in the plasma and brain as well as delayed maturation
of thermoregulation in the offspring. In contrast, the administration of 100 mg/ kg a -
methyl-para-tyrosine with 0.2% Tyr supplementation did not affect the general growth, but
only decreased cerebral Tyr hydroxylase and serum thyroxine level, while cerebral
dopamine was increased. These results indicate that maternal Phe hydroxylase inhibition
induces a more severe growth failure, including catecholamine and amino acid metabolism,
than Tyr hydroxylase inhibition in postnatal development.



