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NADH is an essentialcomponentof enzymesfor many metabolicreactionsand
energy productionin cell. Mitochondriaare well known to have a criticalfunction
in energy metabolism and damage to mitochondria has been related to
apoptosis.Cytoprotectionof NADH in apoptotic damage induced by Cisplatin
(DDP) was explored to clarifu the mechanism of mitochondria regulation
pathway. Laser scanning confocal microscope was employed to .detect
mitochondria
membranepotentialÄrymwith fluorescentprobeR123,intracellular
free Ca2'value with probe Flu-3-AM, pH value with probe SNARF-'I-AM and
reduced oxygen species (ROS) value with probe FbDCFin hepatocytes.The
expressionof cytochrome c and poly (ADP-ribose)polymerase(PARP) protein
was detected by Western blot. Mitochondrialoxidative phosphorylationwas
measuredpolarographically
by determiningoxygenconsumptionrate state 3 and
state 4, respiratorycontrol rate (RCR) and ADP/O ratio. Compared with the
group of control,in the group of DDP the fluorescenceintensityof R123, Fluo3/AM, SNARF-1-AMand HzDCFwas raised obviously,which indicatedthat the
reductionof mitochondriamembranepotential,the improvementof intracellular
Ca2t and ROS value was kept. In the-group of control, the expression of
cytochromec was releasedfrom mitochondriamatrix to cytoplasmin the group
of DDP and cytochromec was not releasedin the group of NADH/DDP.113 kDa
PARP was detected in the group of control,but in the group of DDP PARP was
broken into 89 kDa fragment.PARP kept integratedin the group of NADH/DDP.
Comparedwith the group of control,the value of $, RCR and ADP/O reduced
more than 38oÄ,35o/oand 40oÄ in the group of DDP. There was a significant
differencebetweenthe group of NADH/DDPand DDP. The change of g and
mitochondriaRCR reduction resulted in hepatocyte injury induced by DDP.
NADH could prevent DDP-induced mitochondria impairment^lmproving
mitochondrialfunction representsa novel therapeuticstrategyin cytoprotection
of chemotherapy.
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Cytosolic extracts were removed and
added to sample buffer.The lysateswere
separated through 15% SDS-polyacrylamide gels and electroblotted onto
nitrocellulosemembranes. Cleavage of
PARP was determinedusing the PARP
polyclonal antibody. Cytochrome c was
detected by H-104 polyclonal antibody.
Following extensive washing with TBS
containing0.05% Tween-20, blots were
stainedwith the chromogenicdetectionof
alkaline phosphataselabeledantibodies
on westernblots.

mitochondrial fluorescence of
the
Rhodamine123 representsan increaseof
mitochondria depolarization, meaning
more negativemembranepotentialand a
reduction of mitochondrial membrane
potential.lt indicateda fall of Ayq occurred
duringcell damageinducedby DDP.In the
groupof DDP,ROS was 2704.27I 155.95
vs 1014.88 t 85.72 compared with the
group treated with NADH and DDP (P <
0.05), meaning the involvement of
mitochondrial ROS signaling in cell
apoptosispathways.
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Measurementof oxidative phosphorylation
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The hepatocytes were removed into a
breakercontainingicecold 0.25 M sucrose
buffer. Three passes of the glassteflon
were used.The homogenise
homogeniser
was centrifugedat 12000rpm for 10 min in
refrigeratedcentrifuge. The supernatant
pellet
was pouredoff and the mitochondrial
was
used
method
Biuret
was resuspended.
protein
of
concentration
to determine
The
oxygen
mitochondrial suspension.
electrodeof biologicaloxygenmonitorwas
set uo. 0.25 M sucrose buffer, 0.1 M
potassiumdihydrogenphosphate,150 mM
sodium succinate and hepatocyte mito
chondria were placed into the reaction
chamber. Oxygen consumPtion was
measureo.

Results
The alteration of mitochondrialmembrane
potentialAr{q,ROS, intracellularfree Ca2+
and pH
Comparedwith the group of control,in
the group of DDP the fluorescence
intensity of Avn, Ca2*, pH and ROS
increasedobviously.In the group of DDP,
the fluorescenceintensityof Rhodamine
123 was 1827.27r. 197.75, but in the
group treatedwith NADH and DDP it was
900.33t 9.50 (P < 0.05).An increaseof
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Fig. 1. Levelsof hepatocytes
free Ca2+ and pH value
intracellular
* Comparedwith the group of control,P <
0.05
The expressionof PARP anä cytochromec
We found that the 113kD PARP was
cleaved during apoptosis into 89kD
fragments, which served as an earlY
specificmarkerof apoptosis.In the group
treated with NAD!-I and DDP, those
phenomenonswer<i not observed. The
cytosolicfractionsof 15 kD cytochromec
were detectedin the group of DDP, which
was responsible for the release of
cytochrome c from mitochondriaduring
apoptosis.
The effect of NADH and DDP on function
of mitochondriaoxidativephosphorylation
Mitochondrial respiratory function (Ss:
oxygen consumptionstimulatedby ADP;
Sa: oxlgen consumptionin the absenceof
ADP, RCR: ratioof 53 and S+;ADP/O atio
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between the nanomoles of ADP phosphorylated to ATP and nanoatoms of
oxygen consumed) was measured by
polarographic
methods.Comparedwith the
group of control,the value of Q, RCR and
ADP/O reducedmore than 38%, 35% and
40o/oin the group of DDP. There was a

significantdifferencebetweenthe group of
NADH/DDPand DDP. The change of $
and mitochondriaRCR reductionresulted
in hepatocyte injury induced by DDP.
NADH could prevent DDP-induced
mitochondria
impairment.

Table 1: Oxidativephosphorylation
in the mitochondria
of hepatocyte
:::::-:::.:,::::: .
S_3.. :. :.:' I S4 .
RCR
ADP/O
:
4.50t 0.50 1.61t 0.02 2.82! 0.25 3.48t 0.30
,;,'
:p,,öq!tf{f
':DDp:::::. :: 2.79+0.23* 1.65I 0.34 1.75+ 0.44* 2.08+0.29.
::NADWDDp:: 3.85r 0.35 1.9710.13 1.96t 0.15 2.94t 0.09
Comparedwith the groupof control,*p < 0.05

Discussion
Numerous chemotherapeuticdrugs are
toxic to specificorgans and have severe
side effectsthat limittheir efficacy,such as
myelotoxicityand gastrointestinal
toxicity.
Evidence is increasing that some
chemotherapeutic
agents kill both healthy
and cancer cells by causing injury to
specific cellular targets-. Our previous
reports showed that NADH could inhibit
apoptosisof human normalcells induced
by chemotherapy
drugs,such as Cisplatin
and Doxorubicin"-'.
Apoptosisis essential
in many physiological processes. In
oncology,extensiveinterest in apoptosis
comes from the mode of cell death that is
triggeredby a varietyof antitumordrugs.
Cell death may result from mitochondrial
respiratory dysfunction. Mitochondrial
membrane potential was monitoredwith
the fluorescenceprobe Rhodamine123.ln
the group of DDP an increase of the
mitochondrialfluorescenceof Rhodamine
123 representsan increaseof mitochondria depolarization, meaning more
negative membrane potential and a
reduction of mitochondrial membrane
potential.Mitochondriaare presentedas
the important executionerof apoptosis.
This crucial oosition of mitochondriain
apoptosiscontrolis proven by the results
obtained from the changes of mitochondrial membrane potential and ROS

productions.
The level of intracellularROS
is activatedto commit cells to apoptosis.
However,NADH could inhibitthis kind of
ROS signal. NADH can inhibit the
productionof ROS, indicatingthat it can
scavenge the superoxide free radical.
PARP has all the hallmarks of a DNA
damage signal protein. Like p53, it
recognizes DNA strand breaks and
interconnectswith other components of
signalpathways.PARP generatesan input
signal into the p53 pathway, and is an
obligatory signal for some apoptotic
responses. The most critical and
extensivelystudied role of PARP is its
participationin DNA base excisionrepair.
Followingbindingto damagedDNA,PARP
uses NADH to synthesize branched
polymersof poly(ADP-ribose)
on nuclear
target, proteins. PARP contains an Nterminal DNA-bindingdomain (DBD), a
central automodification domain that
acceptspoly(ADP+ibose)
and a C-terminal
catalytic domain. PARP is one of the
substrateproteinstargeted by caspase-3
during apoptosis.Normally,cytochromec
is localized exclusively in the space
betweenthe outerand innermembranesof
mitochondria. lt is released into the
cytoplasm during apop^to.s^isbecause
permeability"'
'". NADH can
mitochondrial
directlyreducecytochromec, showingthat
it is an antioxidant.
We foundthatthe 113
kD PARP was cleaved during apoptosis
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