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Suppression of Membrane Permeability Transition in Fetal Rat Liver
Mitochondria and Its Role in Oxidative Stress

Takashi YOSHIDA

Because neonates are exposed to various hazards, such as oxidative stress during and immediately
after labor, protective mechanisms should exist. However, to date, few have been identified. The
aim of this study was to clarify the role of mitochondrial membrane permeability transition (MPT)
in protection of the fetus and the neonate against the hazards arising during the perinatal period.

Mitochondria were isolated from livers of fetal (FM) and adult (AM) rats by the method of

Hogeboom. Cytochrome content and rates of oxidative phosphorylation were measured by
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spectrophotometric and polarographic methods, respectively. Mitochondrial MPT was measured by
large amplitude swelling monitored by absorption at 540 nm and by depolarization of membrane
potential monitored by fluorescence change in a cyanine dye, diS-C3-(5). Cytochrome ¢ (Cyt. ¢)
release from mitochondria was measured by Western blot analysis using anti-cytochrome c
antibody. Caspase-3 activity was measured in a cell free system using a fluorogenic peptide
substrate.

No typical absorption spectrum of reduced Cyt. ¢ was observed in FM although Cyt. ¢ was
detected by Western blotting. The rates of oxidative phosphorylation and the respiratory control
ratio were lower in FM than in AM. Similarly, both mitochondrial MPT and Cyt. ¢ release from
FM induced by Ca* yielded lower values than those of AM. However, triton-treated FM supernatant
activates caspase—3 like proteasc. These low levels of oxidative phosphorylation and MPT activity
gradually became high after birth. The speed with which the high levels of oxidative phosphorylation
and MPT were attained very rapid after exposure to oxygen stress. These results indicate that the
low levels of MPT in FM might protect the fetus the apoptotic action of oxidative stress during the
process of birth.

The present results suggest that low levels of mitochondrial MPT and Cyt. ¢ release and the
consequent decrease in the activation of caspase-3, which induces chromosomal DNA fragmentation
and apoptosis in liver cells, might contribute to protection of the tissues of both the fetus and the
neonate against the various hazards experienced during the perinatal period. (Accepted on August 1,
2001) Kawasaki Igakkaishi 27(3) . 181 —191, 2001
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Fig. 1. Oxidative phosphorylation and respiratory controle

activities of fetal and adult rat liver mitochondria.
Oxidative phosphorylation of mitochondria was measured
in a medium containing 0.2 M sucrose, 10 mM KCI, 5
mM MgCl, and 10 mM Tris-HCl buffer (pH 7.4) at 25
C. The rates of oxidative phosphorylation and the
respiratory control ratio were lower in FM compared to
AM. Concentration of added Pi, Succinate and ADP
were 2 mM, 5 mM, and 200 uM, respectively.
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Table 1. Oxidative phosphorylation and respiratory controle
activities of fetal and adult rat liver mitochondria

{n=6)
Fetus 2days 2weeks Adult
ADP/O 4] 1.07+ 0,13 1.76* 0.33 1.92+ 0.16

RCR 1 1.83+ 0.21 4.11% 0.93 4.01* 0.31
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Fig. 2. CaCly;induced depolarization and swelling of AM., Isolated AM were
incubated in 0.15 M KCI containing 10 mM Tris-HCI buffer (pH 7.4).
CaCl, induced swelling (A) and transient depolarization (B) . After a certain
time, a sustained depolarization was induced. Concentration of added CaCl,

was 50 uM.
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Fig. 3. CaClyinduced swelliong and Cyt.c release of FM and AM. Both AM
and FM contained the same amount of Cytc detected by western blot
analysis. Following Ca? -induced swelling of AM(A), Cytc was released
from mitochondria(C). However, no swelling was induced in FM by Ca**
(B). Thus Cyt.c was similar to that AM. Experimental conditions werc as

described in Fig. 2.
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Fig. 4. Absorotion spectrum of Cyt.c isolated from fetal
and adult mitochondria. To examine the biochemical
properties of Cyt.c in FM absorption spectum of
mitochendria were measured. The absorption peak of
Cyt.c at 550 nm was shifted to 543 nm in FM.

605nm & \vvo ZoRERI L ARS PSR GR
3, 543nm & 573 nm IZRKERLSR S h.
LarL, 4% 1 HEHOHAEFTlE, BBk L Rk
LIRS Sht. LabF0oaFRR
B L, LHEHEOENE-TEORY
=3 N PYAR
ZOfRE, BFFI b FITOY MY
BAcidh A= 3 OEEERARELT
W AT e 2 R L 7.
6. YIFrOAcIZIAAAN—EIERTOT
7 —EDifHAk
FZTHhROEE 3 TAHALNIH

rrubcHRICHEELEHE
- m TRAA—ES RIS
234 56 MWEBEFLL $4bb, v b
- *® [fX 0SB L7 100,000 xg BiF
i LEETNB A AN 3 RBER
L LT, TritonX-100 WL | T

Adult:1,2,5 = =
Fetus : 3, 4, 6 BIhas>brohclldhaA

NW—E 3 PEEIL SN ErE
dATP BB HEA BT F F Ac-
DEVD-MCA f£78 Fl2#idt L 7=,
Z O H13 Figure 5 127R30<,
IEHFI bay F)T7oHh A 8—
¥ 37 o s 7 —Lintb e



186 e R &k

Wik MFEI P2 FUTOEFRERARBRER
WHALER AR bR, 2ol &, BITFF
IbaYRYUTOYIIOACIZLTRICH A
2= 3 BEEILT AEHA S B Z LS
[Npr oW o

7. SMEHEOTFATFI P T B T ONRE
MTP

BAFiF 3 ba > FU 7k Ca¥ 12X % MPT
OO, LTI hary FYT7H6
DI brabcDFEHEFRNZ EPFHENIZS
nizhs, HAETRE e S EE L LTHiFko
FEMICED R-TEDI MY FUTHEEDL K
X{PLTWAZ EIZTREZ LB,
FITHABBOI Pary FYToEEE RS
ziz, S EYRICTHRAE20BHD T v PRI
R, BHMEICEBICIZ VS TuR1/ 2080
Sy bEBRFOI Moy P T EMEE LTHE
ML, dEol2oEos v MEKEAET, 37
T, 1B A ¥ Fa—Fy—ICANTEE, H
SRACIFE 2 Flan 227218, WI by FIUT%
O HY U CEBRICAEA L 7.

0.5

Caspase-3-like activity (U/mg protein)

Adult Fetal

Fig. 5. Activation of caspase-3 like protease by Cyt.c.
The ability of FM lysate to activate caspase-3 like
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protease was tested in a medium containing synthetic
caspase substrate, dATP and S-100 fraction of liver
homogenate at 37C for 60 min. Both lysates of AM
and FM showed a similar ability to activate caspase-3
like protease.
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Fig. 6. Time dependent changes in oxidative phosphorylation
of fetal rat liver mitochondria after delivery

Table 2. Oxidative phosphorylation and respiratory control
activities of fetal and adult rat liver mitochondria

(n=6)

Oh 1h Adult
ADP/O 0 1.05=* 0.16 1.92+ 0.16
RCR 1 1.89+ 0.21 4.01+ 0.31
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Fig. 7. Time dependent changes in Ca**-induced MPT of FM after delivery
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Fig. 8. Time dependent changes in Ca**~induced MPT of fetal mitochondria after birth. Ca**-induced MPT of FM was increased

after birth and reached maximum in two weeks.
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