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KR iz TERL, HEL TRBEREN—EL 25 204>
Brhn, TREMRE DFRHT 2ERIES 5 SE TN
L. WERBERA404 A S 10mM /L ERXT Y ¥
% &t B REEIES Krebs Ringer ¥ % 20475 L BALE
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Fig.1. Changes in body weight and urine
volume during 5 day starvation followed by
refeeding. @, body weight (BW); O, urine
volume (UV). Vertical bar, mean=+S. D. for 6
rats.

BEREIR t RELAV, BRE0.05LI T2 -7
FErL:.
5% -}

I BBECL 2658, REOZ (1)

MBS BEW, RBERTEY-17%, REETH—55
%W L 7z

II. #&ICE 5 CA KRBT 1L

1. Rep CA Hiiit# (2)

Rep CA HEfEE I, MAMKEE t bR L 28
HiCi: NE 31D 20%2, E, DA IXFiED 9 % ic i
DL, COBEBHEEKRT £ TREL . BREN
&,EDAuTﬁ%mK@@ﬁﬁ%%bthEmﬁ
B F 57,

2. fHM% CA &8 (™ 3)

KB4, Di¥O DA &#1%, &2 1BO239+ 41pg/
mg B#%, 11.7+ 1. Omgi@clt LEBIET [
B, 128+48; /i, 6.0+2.9 (12 p<0.05)] L7-.

ug/day
1.5 F
[=
o
°
(3]
»
o
o
£ 10
£
«
: i
N -
Q
@
k]
(3]
Z‘ \l l
©
f—f 0.5
=)
*
l * e *. x i
* *
. - JE .
0 1 3 5 1 9

day

Fig.2. Changes in urinary CA excretion during

5 day starvation followed by refeeding. O,

norepinephrine ; @, epinephrine ; A, dopamin-

e. Vertical bar, mean+S. D. for 6 rats. *p<

0.05 vs day 0 by ANOVA followed by Dunne-
tt’s multiple comparison procedure.
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Fig.3. Effect of 3 day starvation on tissue CA content in rats. After starvation
for 3 days, rats were sacrificed and tissue CA contents were measured by
HPLC. Control rats were fed ad libitum. M, fed rat; [J, starved rat
Vertical bar, mean+S. D. of 4 rats; * p<0.05 vs fed rat by student’s t-test.
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z 3 [ BIET [6.70£3.40 (p<0.05)] L.
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£ meEETHBOINL, FERCET (67,64 21.7
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II. NE BEREMISEC L 2 R EBERC b
AXF I THRERCRZTRE
ol I 1. FERRMEBEODL (E1)
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Fig.4. Effect of 3 day starvation on AA A . . = . . o
and DBH activity in rat adrenal gland, the BRZ > MRUBRS v F OSBRNTI2, ey
treatments were the same as those described Aob, SRAVFUT L O MREERICE G-
in Fig. 3. B, fed rat; [, starved rat. Verti- 2. LovL, NERE5W LD, REYA— M TR
cal bar, mean+S. D. of 5 rats. * p<0.05 vs +NE 858 BRNER, 8A +NE BERER
fed rat by student’s t-test. e
BREBIC L CHBICET (W e P<0.05) L
7o SRAVFYTRBOTH#A+NE &581,
PRI L CET T 2™cH ), BA+NE &

Table 1. Effect of starvation and NE treatment on the oxygen uptake of rat liver

with succinate with palmitoyl carnitine
Rats homogenate mitochondria homogenate mitochondria
Fed (5) 47.1%£5.6 0.76%0.06 13.7£3.4 0.14£0.04
Fed+ NE (5) 48.5+2.5 0.81+0.18 15.0%+2.9 0.16+0.04
Starved (5) 47.5+1.8 0.70£0.18 14.4£3.0 0.19%0.06
Starved+ NE (5) 40.5£2. 1%= 0.55+0.06# 11.7x1.6 0.14£0.05

Starved rat for 3 days or normally fed control rats were administered with NE (1 mg/kg body wei-
ght) intraperitoneally every 12 hr for 3 days. Starvation was started 12 hr before first administra-
tion of NE. One hr after the last administration, rats were sacrificed and the oxygen uptake of
liver homogenate or mitochondria was measured by O: UPTESTER. Values are mean+S.D. in g
102/min/g-tissue except for mitochondria in 1102/ 4102/min/mg-prot. Numbers in parenthesis show
number of rats used.

*p<0.05 vs Fed, # vs Fed+NE, =vs Starved by ANOVA followed by Scheffé’s multiple compari-
son procedure.

Table 2. Effect of starvation and NE treatment on mitochondrial enzyme activity in

rat liver
CR «GPD CPT PDH
Rats - - -
(umol/min/mg-prot) (nmol/min/mg-prot)
Fed (5) 0.701£0.041 8.01+0.5 16.64+3.08 3.06%0.93
Fed+ NE (5) 0.672+0.116 10.15+1.89 13.84+2.,20 2.78%0.68
Starved (5) 0.444+0.103* 10.28+2.11 23.97+£2.27% 1.01£0.24%
Starved+ NE (5) 0.364£0.065% 9.62+0.75 25.31£5.74%  1.10+0.38*

The treatments were the same as those described in Table 1. Values are mean+S.D. Numbers in
parenthesis show number of rats used. * p<0.05 vs Fed, *p<0.05 vs Fed+ NE by ANOVA followed
by Scheffé’s multiple comparison procedure.
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i, BE5LRBE I IE s, OM BT, Bl (%
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(0.06+0.03x g/ H) LB LHOIMERR 2RO, K
i E, DA i B EELRERRD R P27, £IT,
OM %, o7z T 1HEEL, 20HROHEMCA S
B CA SEEEEYE, CREERZBRIICHEL .

2. OM #5 1 X 2## CA EEOZE(L

5 E a8, #58010.67£1.37»5%52H
Ezi27.67£0.4~EEIET (p<0.05) Liz. &

7, NE4Zu®52 HECETHEAEZED . (26
Ay O NE 833, 4 HECETERZRD:.
(®6 B)
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L.or | t ___a—"
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St

Urinary catecholamine excretion

b PRy .
20 o 7/-/;.‘ ’
mr =§g§g§%’;/ " Now
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Fig.5. Effect of intraperitoneal administration
of OM, NEM, DNP on urinary NE, E, and DA
excretion. Rats were treated with intraperi-
toneal administration of OM, NEM, DNP
(100« g/ kg body weight) for 3 consecutive
days. Control rats were trated with 0.5ml
saline. &, OM,; B, NEM; @, DNP; O,
control. Arrows indicate the administration
of each drug. Each point shows the mean
value of 5 rats. * p<0.05 vs day 0, % p<0.0
5 vs control by ANOVA followed by Dunne-
tt's multiple comparison procedure.

Table 3. Effect of starvation with or without intraperitoneal administration of NE on total

tissue AdN content in rat liver

ATP ADP
Rats ATP/ADP
umol/g-tissue
Fed (3) 3.26%£0.22 1.07+0.02 3.01+0.16
Fed+NE (3) 2.86+0.17 1.00£0.09 2.86+0.17
Starved (3) 2.47+0.19* 1.02+£0.20 2.4710.41
Starved+ NE (3) 2.25+0.16* 0.96+0.11 2.36+£0.24

The treatments were the same as those described in Table 1. Liver was excised by quick-freeze
technique and stored in liquid nitrogen until assay. Tissue AdN contents wre measured by HPLC
Values are mean+S.D. Numbers in parenthesis show number of rats used.

*p<0.05 vs Fed by ANOVA followed by Scheffé’s multiple comparison procedure.
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2 and CR activity in liver (B). In pannel (A),
§ . 4, DBH activity ; @, AADC activity ; O, TH
8 M activity.  Vertical bar, mean+S. D. for 4
rats.; * p<0.05 vs day 0 by ANOVA followed

0 1 2 3 4 by Dunnett’s multiple comparison procedure.
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Fig.6. Effect of intraperitoneal administration _——
of OM (100 4 g/kg body weight) on CA conte- "
nt in rat adrenal gland (A) and heart (B). On
each day, five rats were sacrificed and tissue o T T —
CA contents were measured by HPLC, Q, 05 0.6 0.7 0-8
E; @, NE. Vertical bar, meanS, D.; * p< CR clivityumolimin/mg-prot)
0.05 vs day 0 by ANOVA followed by Dunne- Fig.8. Correlation between CR activity (X) and

tt’s multiple comparison procedure. TH activity (Y) after OM treatment.
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100 X ) , ) , . Fig.9. Effect of NE on glucose, lactate and
Vo 20 30 20 50 sc MmN pyruvate output in perfused rat livers from
normal fed or 3 day starved rat. Livers were
(© ] perfused at flow rate of 25ml/min of Krebs
£ 199 Pyruvate output Ringer bicarbonate solution for 60 min.
E e | Collection of perfusate was started at 20 min
& ol and 10 mM NE was administered from 40 min
§ to the end of the experiment. Mean values of
3 or two experiments are shown. Panel (A),
5 20k glucose output; panel (B), lactate output;
panel (C), pyruvate output; panel (D), lactate/
%o 20 20 20 P o5 min pyruvate. O, fed rat; @, starved rat.
Table 4. Effect of intraperitoneal administration of 60HD on oxygen uptake in rat liver
with succinate with palmitoyl carnitine
Rats
homogenate mitochodria homogenate mitochondria
Control (5) 50.9+2.7 0.61%£0.10 13.9£1.9 0.12+0.10
60HD (5) 49.8+2.1 0.58+£0.07 13.7+1.2 0.17+0.09

Rats were treated with intraperitoneal administrati

for 3 days. One hour after the last administration of 60HD, rats were sacrificed and oxygen uptake

on of 60HD (100mg/kg body weight) every 12 hr

of liver homogenate or mitochondria were measured by 02 UPTESTER. Values are mean=* S.D,
expressed in »102/min/g-tissue for homogenate and for in x10z2/min/mg-protein for mitochondrial
fractior. Numbers in parenthesis show number of rats used.
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Table 5. Effect of intraperitoneal administration of 60HD on mitochondrial enzyme activity

in rat liver

CR «GPD CPT PDH
Rats '
(102/min/mg-prot) (nmol/min/mg-prot)
Control (5) 0.86+0.10 11.10+0.19 14.50%+1.20 2.17+0.20
60HD (5) 0.55%+0.07* 10.50+0.84 14.68+1.51 1.02£0.17*

The treatments were the same as those described in

parenthesis show number of rats used.
*p<0.05 vs control by student’s t-test.

Table 4. Values are mean=+S.D. Numbers in

Table 6. Effect of NE loading on mitochondrial enzyme activities in perfused rat liver

from fed or starved rat

CR «GPD CPT PDH
Rats
(umol/ min/mg-prot) (nmol/min/mg-prot)
Fed (4) 0.22310.015 5.53%0.90 13.56+2.31 3.91+£1.31
Fed+NE (4) 0.203+0.024 5.60t0.56 15.37%1.46 4.31+3.78
Starved (4) 0.1170.017* 3.34+0.19% 26.05%3.64* 3.78+2.45
Starved+ NE (4) 0.073£0.011%* 5.14+0,77* 28.00+£1.28* 0.44£0.18

The treatments were the same as those descri

bed in Fig. 9. After 60 min perfusion, liver was ex-

cised and mitochondrial fraction was prepared for measument of mitochondrial enzyme activities.
Values are mean+S.D. Numbers in parenthesis show number of rats used.
*p<0.05 vs Fed, #p<0.05 vs Fed+NE, »p<0.05 vs starved by ANOVA followed by Scheff&’s mul-

tiple comparison procedure.

Table 7. Intramitochondrial AAN content after incubation with ATP

ATP ADP
Rats ATP/ADP
(nmol/mg-prot) (nmol/mg-prot)
Fed (4) 17.92+1.11 8.34%0.98 2.18+0.29
Fed+NE (4) 22.16+t2.32 6.92+1.31 3.2610.49*
Starved (4) 17.22+£2.17¢ 6.68+1.19 2.63+0.51
Starved+ NE (4) 13.50+1.88*¢ 5.80%£0.52% 2.33+£0.23¢

Liver mitochondria preparations were the same as those described in Fig. 9, Table 6. Liver mito-
chondria was incubated in sucrose/salt buffer medium for 2 min at 30°C, followed by an incuba-
tion of 0°C for 10 min with 10 mM ATP. 6% HC10s was added to the pellet of the incubated mito-
chondria and nucleotides were extracted. The supernatants were used for the assay of intramito-
chondrial AdN content. Values are mean+S.D. Numbers in parenthesis show number in rats used.
*p<0.05 vs Fed, # p<0.05 vs Fed+ NE by ANOVA followed by Scheffé’s multiple comparison pro-

cedure.
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Abstract

The metabolid interrelation between catecholamine (CA) and the mitochondrial energy
producing system during starvation was examined in adult female Wister rats. In 3 to 5
days of fasting, urinary CA excretion and adrenal aromatic L-amino acid decarboxylase
and dopamine B-hydroxylase activities were gradually decreased, indicating that both CA
synthesis and secretion are suppressed during starvation. Liver mitochondria preparation
from starved rats, who had been treated with intraperitoneal injections of norepinephrine
(NE) for 3 days, showed a decrease in oxygen uptake and NADH-cytochrome ¢ reductase
(CR) activity, whereas a -glycerophosphate dehydrogenase, carnijtine palmitoyltransferase
and pyruvate dehydrogenase (PDH) activities remained unaffected. Blocking in adenosine
triphosphate (ATP) production by oligomycin (OM), 2-4-dinitrophenol or N-ethylmaleim-
ide resulted in a similar suppression of urinary CA excretion, irrespective of the specified
blocking sites of these drugs in the ATP pathway. With OM treatment, the adrenal
epinephrine content and tyrosine hydroxylase (TH) activity were also reduced. There was a
significant linear correlation between the adrenal TH activity and mitochondrial CR
activity. Chemical sympathectomy by 6-hydroxydopamine induced a similar reduction of
the mitochondrial CR and PDH activities. In the liver perfusion system, NE infusion
induced a reduction of CR and PDH activities as well as adenine nucleotide transport
activity in starved rats, but did not in fed rats. These results indicate that (1) during
starvation, there is a close metabolic correlation between the mitochondrial energy
producing system and CA status, and (2) starvation induces a hypersensitive state in the
mitochondria to CA, which exerts direct action on the NADH and ATP transport system.



