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Abstract

Changes in the redox state of liver mitochondria were investigated by measuring the arterial ketone
body ratio (acetoacetate/3-hydroxybutyrate : AKBR) in nine healthy volunteers (eight males and one
female, mean age 38.4 5.0 years) during exercise.

The correlation between the changes in AKBR and levels of various hormones controlling energy
metabolism was also investigated. Subjects participated in symptom-limited exercise test using the ramp-
ing bicycle ergometer with expired gas analysis, blood pressure and 12 lead electrocardiogram monitor-
ing. Anaerobic threshold by gas exchange parameters (ATe) was determined from the expired gas data
with the v-slope method. AKBR, glucose, non-esterified fatty acid (NEFA) and lactate were measured in
arterial plasma samples. Catecholamines (epinephrine, norepinephrine, dopamine), insulin, glucagon, an-
tidiuretic hormone (ADH), growth hormone (GH), thyroid-stimurating hormone (TSH), triiodothyronine
(Ts), thyroxine (Ts), human-atrial natriuretic peptide (hAANP) and brain natriuretic peptide (BNP) were
measured in venous plasma samples.

AKBR was gradually decreased by exercise from the resting value of 1.821+0.20. AKBR reduction
was potentiated after ATe t0 0.931+0.18 (p<<0.01 vs rest) at peak exercise. AKBR was further decreased
during recovery to the minimum value of 0.70+0.06 (p<<0.01) at 6 min in the recovery phase. AKBR
then began to increase and reached 0.95%0.07 30 min after peak exercise. Epinephrine increased from
45.91+11.0 to 21075 pg/ml (p<0.01), norepinephrine increased from 348 52 to 1,277+ 111 pg/ml
(p<0.01), and dopamine increased from 13.0%1.9 to 25.0%2.5 pg/m! (p<0.01) between rest and peak
exercise, respectively. Insulin decreased from 22.013.5 to 14.2+2.1 pg/ml (»p<0.05). No significant
change was observed in glucagon, ADH, GH, TSH, Ts, T+, hANP or BNP. Glucose decreased from 124 &
9 to 84+ 8 mg/d! (p<<0.05), whereas NEFA increased from 9410 to 19066 mg/d! (p<0.05). A nega-
tive correlation was observed between AKBR and lactate (r=—0.41, p<0.001).

These results indicate that hepatic adenosine triphosphate production is promoted as energy demand
increases by exercise, and maximizes early in the recovery phase when hepatic energy demand is maxi-
mum due to active gluconeogenesis. The levels of catecholamines, insulin and lactate contribute to the
control of liver energy metabolism.
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Selected abbreviations and acronyms

AcAc=acetoacetate

ADH = antidiuretic hormone

AKBR=arterial ketone body ratio
ATge=anaerobic threshold by gas exchange parameters
AThcte =anaerobic threshold by plasma lactate
ATP=adenosine triphosphate

BNP=brain natriuretic peptide

GH= growth hormone

h ANP=human-atrial natriuretic peptide
HPLC=high-performance liquid chromatography
NEFA =non-esterified fatty acid

30HBA =3-hydroxybutyrate

Ta=thyroxine

TSH=thyroid-stimulating hormone
Ts=triiodothyronine
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BHATHZLTHA.
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1994 £ 4-8 BICHR 2L, BELAD-9F%E
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5.0 %, body mass index (¥ 24.0+3.4 kg/m* T, TN
L3FIIEBHEELZRA L T

2. /A &

UV EHEEIVTA—% —% A\, ramp 70 b 2—
Vv (EBNBIRAT: 4 R 20 W, LUE 1 GRIIC 20W 0
#ii) X 5 HEMNRKEBEMN LT L. SR
D+ IR RN S0, BBIETIIAR 12
BRI IZHET L 7=, Breath by breath (2 & AR5 2 45
#1213 Sensor Medics SLIFIR X #5374 MMC 4400tc
AL, EFEiL ) EIEHS 5 THIE L. BR
LB/ (anaerobic threshold by gas exchange param-
eters : ATy) % v-slope ' 12X YRz, AFFIE 1
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L, 4°C, 3,000 RPM, 20 43/ o3& 5 B4 M4 %

J Cardiol 1997; 29: 95-102



—80°C THRFF L T AcAc, 30HBA %l L (Zf11L%
FhLy 7 ZFy oD, BREREIC L 5 MEENE (=
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fied fatty acid) %€ (F1JE4i3E NEFA C-7 X }®) 17>
fo. FomiBIRERAR & 0, wEEky, EET (FEk 4
), XKEBAME, BIEHR 4504 BITRILL,
Rk O b7 4 =X ) RS TIT
3 ~ 3 4 (epinephrine, norepinephrine, dopamine) &,
ET 52 B %E 1 (radioimmunoassay) (2 & D 4 A1) 7,
TNVh Ty, BiFIR ANV E ~ (antidiuretic hormone:
ADH), B &IV E ¥ (growth hormone: GH), FiKER
&IV E ¥ (thyroid-stimulating hormone: TSH, tri-
iodothyronine: Ts, thyroxine: Ts), & b.LsEHE NaFlJfR <
7°F F (human-atrial natriuretic peptide: hANP), Ff%
Na FJJR X 7"F F (brain natriuretic peptide: BNP) % {Hl%E
L7:.
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B ZEIE (Vo) (I HREF 228+ 19 ml/min & V) :EE)
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LiRFHEH E (Veor) (3, EEIET 215+£20 mi/min & 1) &
By I ERAICIEI L, AT. DBHEMEEIARELRY,
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Fig.1 Changes in expired gas parameters (4pper) and plasma lactate
concentration (lower) at rest, during exercise and recovery by
the ramp method

The ATee point of all subjects occurred between 8 and 9 min of
exercise (upper).
*p<0.05, **p<0.01, vs rest values.

T 1,191+ 125 mi/min (18.0%+1.5 mi/min/kg) TH Y, &
B T3 FLE 8-9 S ERICAHY L 7= (Fig. 1-L).
FLEREIZEBAT D 1.1940.26 m mol/! & V) BB 5 5k
D 1.35+027mmol/l F THEELRMEBERI Lh oz
P, TO®BEALAICHEML, EB75%ICI1E2.30%
0.68 mmol/l &7 V), [P FLERME TP L - R EMR
#BAME (anaerobic threshold by plasma lactate : ATcue), T
HH2mmoll ¥BZ 7. FLEREIZZDE DI LA
V¥, EEh 8 45121 3.28+0.89 m mol/! (p<0.05) L B E
HEMERL, RAKBME 10.6+2.1 m mol/ (p<0.01)
I CEGHICHEMLZ., F0#EBREEDT, RAGE
iR A S [E1E 6 5% D 10.4+3.1 m mol (p<0.001) ¥
THEELSFFE Lz, 6 S #%ITmA L, BiESs &



98  EH - & - ILHE Z»

#1213 5.7+ 1.3 m mol/l (p<0.05) |27 o 724, EBIE]
X ) EfETH o /2 (Fig. 1- F, Table 1).

2. EENC & BEIERGF T b FEEDE(L (Fig. 2,
Table 1)

AKBR (3:EB 1.8240.20 TH o 724%, EBBIsEH,
572725 ICHR L, EB)4 5 Tid 1.65+£0.22 (p<0.05)
LEBLRRBLE o1, FOBREICEA L, AT I
72 5EE9 5312 1.41£0.15(<0.01) L 2 o7z, D
# AKBR DBARIIKREC Y, HRKREMRIZIZ0.93
+0.18 (<0.01) L o7z, ZD#% b EEMEICIZREA
LY, B 653 %ICRIESME 0.70£0.06 (p<0.01) &
o7z, AKBR 2 Z %ML, E1E 30 5%&ITIZ
0.95+0.07 (p<0.01) & % o 7255, EBEET &L VIEET
Hotz.

3. BE)C & 3 MHEEDZEAL (Table 1)

MEEAE X EB)ET 12429 mg/dl & ) BR KB FTEF 96+
11 mg/dl FTEETRWIREA Lz, EERICEREC
WAL, E1E8 51213 84+8 mg/dl (p<0.05) & % o 7.

4. EHIZL BT bAROZEAL (Table 1)

b UK¥E (total ketone, AcAc+30HBA) (L EENE]
55.4%6.0 umol/l & 1 I AKEFIEIC 42.9+4.7 p mol/l (p
<0.05) FTHA L7225, ZO®REML, BHE8 5k
BEEZIRVLOD 60.614.4 pmol/l & 7% 57z,

AcAc (ZEBET 347132 umoll L VB L, KA
FFEEIC 21.122.8 pmol/l (p<0.05), FITEEIFEICIE
24.6+2.0 wmol/l (p<0.05) & §HA L 7. 30HBA I3:E8)
B 20.7+3.4 pmol/l 2> H R KEEIRFICIE 23.4%
33umoll THY, EEFIAELEERS Lo
72h%, [E18 8 531213 36.0£3.1 pmol/l (p<0.05) & 3
% g2 7z,

5. EH)C & 5 ERERRREER D E1E (Table 1)

EEIRT 94+ 11 mg/dl & ) RAKEBAME 158+
37mg/dl T CTHELEBERS L2 o705 EBIEH
ZHEIN L, [EE 8 4 2IC1E 190+ 66 mg/dl (p<0.05) &
ol

6. EEN- & BKRIEDZEAE (Table 2)
Epinephrine (3:EE 8 45.9+11.0 pg/mi 2 5 i KE T

25,
Exercise
27 * Recovery
* * *
&
M 1.5t
<
1F
0.5 . ' ' . -
0 10 20 30 40 50
Time (min)

Fig. 2 Changes in arterial ketone body ratio at rest, during exercise
and recovery by the ramp method

*p<0.05, **¥p<<0.01, vs rest values.

B 209.7+74.5 pg/ml (p<0.01), norepinephrine (& 348+
52 pg/ml %5 1,277%+111 pg/ml (p<0.01), dopamine %
13.0£1.9 pg/mi %> 5 25.0+2.5 pg/ml (p<0.01) &£ TN €
TOEENC L > CHEIML, Z#0B%EBI L. A VRV
FEB)AT 22.0+3.5pg/ml £ ) HRAKBEFE 14.21+2.1
pg/mil (p<0.05) [ZHA L, VG HIL:ESENRT0.29+0.05 &
D B AEFEE0.194+0.04 (p<0.05) 2RI L7z, Lo L
Z V% T, ADH, GH, TSH, Ts, T:, hANP, BNP
EBIC L AFBELEMERO Lo 7.

7. EORFT b L E ILBREDRR

HEE)F 1 AKBR & FLERME % FRFHIE L 2 72 136 HllE
BIZoWT, ZOBRERARL -0, FHEZELEIZT
oy b L7z (Fig. 3).

SLEREASEINY B I2HEV AKBR HMETF LTV 5528
%< %%, AKBRDETIZ 07 EETLEE>TW
7. AKBR * {LBMEDOMICIZE MM 23R, H
Ve

AKBR =1.31 X 10 ~0016Xlactate (m ol
TdH o7z (r=—041,p<0.001). FLEEEAS 13 m mol/I LL
FTiE4 AKBR 121 LTI T LT,

* =
AL TIIEMEEELV T X —F — 2 X 28
BEFICBIFAFBI P FY I LB RV F—1R
A 2 BEE TR, BRSPS K (AKBR)
LENERGTAANE OB RET A LIC&
n, EEREOFEI Pa Y FUT LRy 72 2A0ELE
IANF—-FEEOFEE OBERIZOWTRE L.
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Table1 Changes in plasma glucose, non-esterified fatty acid, lactate, ketone concentration and arterial ketone body ratio
at rest, during exercise and recovery by the ramp method

99

Rest Mid-exercise Peak-exercise Rec. 8 min
Glucose (mg/dl) 124+9 118+6 96+11 84 +8*
NEFA (mg/dl) 94+ 11 81+9 158 +37 190+66*
Lactate (m mol/l) 1.19+0.26 1.40%0.34 10.6£2.1* 5.7%+1.3*
AcAc (1 mol/l) 34.7+3.2 30.0+4.0 21.1£2.8% 24.6£2.0*
30HBA (1 mol/l) 20.7t3.4 21.5+5.4 234+33 36.0%3.1%
Total ketone (i mol/l) 55.4%6.0 51.5%9.1 429+4.7* 60.61+4.4
AKBR 1.821+0.20 1.65+0.22* 0.93+0.18%* 0.71£0.08**

Data were expressed as mean * standard error. *p<<0.05, **p<0.01, vs rest values.

Rec.=recovery.

Table 2 Changes in plasma hormone concentration at rest, during exercise and recovery by the ramp method

Rest Mid-exercise Peak-exercise Rec. 4 min
Epinephrine  (pg/ml) 459+11.0 61.9+15.6% 209.7 £74.5%* 91.6+33.3*%
Norepinephrine (pg/ml) 348+52 588+ 174% 1,277 111%* 745+ 108*
Dopamine (pg/ml) 13.0+1.9 13.6+3.2 25.0%2.5%* 21.6+2.3%
Insulin (pg/ml) 22.0£3.5 19.2+45 14242.1* 15.4+3.2%
Glucagon (pg/mi) 80.7%5.1 86.0+8.4 87.0+8.4 80.5+9.2
I/G ratio 0.29+0.05 0.26+0.07 0.19%0.04* 0.24+0.07
ADH (ng/ml) 1.6£0.3 1.9+05 104%5.2 5.6+23
GH (ng/ml) 0.48+0.27 0.73%£0.41 0.85+0.47 1.15+0.50
TSH (uU/ml) 1.06+0.34 1.10£0.32 1.13%0.36 1.13+0.36
T3 (ng/ml) 0.991+0.06 1.03£0.04 1.03+0.06 1.03+0.06
Ta (ug/dl) 87104 8.7£0.5 9.7%£0.8 9.3+04
h-ANP (pg/ml) 13.8%1.5 12.5*+1.1 19.5£3.2 17.0£2.8
BNP (pg/mli) 14.4+0.7 14.1+0.7 15.6+1.1 153%1.5

Data were expressed as mean + standard error. ¥*p<0.05, **p<0.01, vs rest values.

Abbreviation as in Table 1.
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Fig.3 Correlation between arterial ketone body ratio and plasma lac-
tate concentration during exercise measured at 1 mip intervals

A reverse linear correlation was observed between AKBR and
lactate (n=136, r=—0.38, p<0.001). Curve fitting analysis
revealed an exponential curve : AKBR=1.31X1(~0016Xlactate
mmolh (r=—0.41, p<0.001).

TATPEAEVTEKRE LS. LPLOTUTERS L
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HEIET L, EBERRREES S 7 bV ROEADHENT
539, AKBRZEBFETF5DIE, B L7z &) I
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FARNVEVOBILELT, #7532, FVHTY
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BA2H Y, Fig.2lZR"TEBY, AKBR ° ATe % 2l
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O T ANV F—EEEFREL TSI FI Y FYT L Ny 7 ROBKRIIGIETH 28IRT 7
b 24K (AKBR) # IV T, EEIFROFIVE Y RERERBICLIFETCO AV F—KHD
REHEFE IS OWVTRET L 7.

A 9B (B 86, & 16, FHERBA4L50m) 2RE L, BEMEHGEIILITA—
& —\2& % ramp BFF MAT L7z, BHARIMIREUC &V AKBR, IHE, EBEAGRGEE, 7LBEZ, &
JRERIMLTH 7 2 F I > 3 431 (epinephrine, norepinephrine, dopamine), 4 ¥ AV ¥, FIVH T,
HARALVEY, REKRVEY, FRBHBAVEY, T5, Ty, & MOEM Na FIRRTF F,
Bt Na FIR 7 F FEBIE L, FRF A5, ME, DHEEERE L. BEREAHBEIER v-
slope {FEIZ L Y KD 7=,

AKBR (3BT 1.82+0.20 22 H @A L, BREMEAHBEER L ) BICED Lz, HERKEWHEIC
12 0.93+0.18 &40, [E{E 6 5% ITHRESE 0.70£0.06 (p<0.01) L oD LML, EB) 30
F1%1213 0.95+0.07% % o 7. Epinephrine (% 45.9%+11.0 2°5 210+75 pg/ml (p<0.01), norepi-
nephrine i3 348+52 %* & 1,277+111 pg/ml (p<0.01), dopamine (% 13.0+1.9 %*& 25.042.5 pg/ml
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