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NADH is an essential component of enzymes for many metabolic reactions and
energy production in cell. Mitochondria are well known to have a critical function
in energy metabolism and damage to mitochondria has been related to
apoptosis. Cytoprotection of 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 membrane potential Ärym with fluorescent probe R123, intracellular
free Ca2'value with probe Flu-3-AM, pH value with probe SNARF-'I -AM and
reduced oxygen species (ROS) value with probe FbDCF in hepatocytes. The
expression of cytochrome c and poly (ADP-ribose) polymerase (PARP) protein
was detected by Western blot. Mitochondrial oxidative phosphorylation was
measured polarographically by determining oxygen consumption rate state 3 and
state 4, respiratory control rate (RCR) and ADP/O ratio. Compared with the
group of control, in the group of DDP the fluorescence intensity of R123, Fluo-
3/AM, SNARF-1-AM and HzDCF was raised obviously, which indicated that the
reduction of mitochondria membrane potential, the improvement of intracellular
Ca2t and ROS value was kept. In the-group of control, the expression of
cytochrome c was released from mitochondria matrix to cytoplasm in the group
of DDP and cytochrome c was not released in the group of NADH/DDP. 1 13 kDa
PARP was detected in the group of control, but in the group of DDP PARP was
broken into 89 kDa fragment. PARP kept integrated in the group of NADH/DDP.
Compared with the group of control, the value of $, RCR and ADP/O reduced
more than 38oÄ, 35o/o and 40oÄ in the group of DDP. There was a significant
difference between the group of NADH/DDP and DDP. The change of g and
mitochondria RCR reduction resulted in hepatocyte injury induced by DDP.
NADH could prevent DDP-induced mitochondria impairment^ lmproving
mitochondrial function represents a novel therapeutic strategy in cytoprotection
of chemotherapy.
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Materials and Methods
lntroduction

Chemotherapy has provided Uet191 Hepatocyte treated wih NADH aN DDP

:[]'l frIü::* "ll"""X'äH' "ü' :i'i ^:.iTs ff'il:l*r" o,"nL,,'03,o,]""
cancer, chorioepitheii"ri ä"0 retinobla- d;;;; . bv, Institute of Cell Biology'

stoma. However, chemotherapy for cance, öftin""" Acädemy of Medical Science' Cell

often has severe tio"'ää""tt in"t titit it' iät 
"uitu'"0 

in Rput-t640 supplemented

eff icacy,suchasmyelosuppression'mucG*i t f t lO%heated- inact ivatedfetalcal f
sitis, nephrotoxicity, neurotoxicity. 

-"i9 '"iut' 
4mM glutamine' 100 U/mt penicillin'

cardiotoxicrtv' As änv cvtopr"1"-"t?j ll 1r-gir::";il;J#3 ''ill J?'"i1'üöi,:

:f*X,x]i ,,t""'Jill"!l ,,'jiil*'! ixponentiarrv srowins hepatocvtes. gn roo

cytotoxic therapies' ;h" ;;tve unoH il;;;;"t"iöateo äs follows: (1) in the

herps many enzvmes involved in "n"'gv' 
ä;ö ;t ?D*lr,;llt *il,"11"i11:?"8fl ä

r:Rt,r "JlHil ":lr"nml'l,"uTi äxi :äL:::!1i l?.", uä -'üiY"-
vitat rote in the g"n""räian of adenosin; ";; 

dOp, cetts were incubated in medium

triphosphate. *oori-',1 lrre most uioti l"^t"i^i^g o,8.mM NADH for 6h and ihen 1

gica'y potent antioxidant in .-re nature arid lri,f öbp' tg) in the group of control' cells

has the strongest pälTii"" 
"it"", 

in fighlini il"t" in"lü"ieo in Rptvtt-1640 medium for

the damage of free radicals' NADH 48h'

il;r";;;. ihe bodvYs creation of depleted

brain chemicals called neurotransmitters' Determinationofmitochondrialmembrane
NADH not onty alleviated the impairment 

ioi"rtiut(aVni, reduced oxygen species

on motor skills caused by Parkinson*"'1,.0-:' (ROS) production, intracellutar free Ca2+

aiso etfectivety treated the corresporyilg 'and pn vatue by confocal microscope

;;;iii;; ;vsflnction' Apoptosis could be

tridgereo uv : "11"i{?ifu:tm:,'^:';"1 "f:li1..'".äf;ii",#T,","*'T"o,,lJimany tYPes oT
damages, toxic etefts ui" thought 

-to ['äJäJ i" 
'pes buffer' Treated or

happen by effectJ 
"^'1n" 

mitocnondrial ü"uää"0 *"" were incubated with 5

Mitochondria arJ presented as 
^'1: rrüäi'än"O"mine tzg for avrl' 5 pg/ml

important executiänei oi upoptosi.r Anl-' älööa i"i nös generation,*2o , 
plt/- Flu-3-

apoptotic r"ro"i"-proOaUty.*lO'o1^T Äilio." intru""ttulär free Caz* value and 10

mitochondria r"rurän" stäbitizing mote 
;M JNÄäi-1-AM for pH valu-e separately

cular. New 
"ne*oihe'upeutic 

strategy was- il * äin 
"t 

gz c in a 5o/o co2 humidified

ör""io"Jt" devetop the latest 
"ytop]:1"-"t:j iicunator. In all cases, overslips were

in chemotherapy, estabrish new usaoe- oj ffi"ni; on grass slides and followed by

;;;rh" NADH and avoid the chemo- 
"näV.i" 

on a confocal microscope

ir'"*pv-inouced toxicitv of normal.l'::l?: (ACAsss7o, Meridian)'

ä. tut'as possible' The role of NADH in

lytoprot""iion by mitochondria regulation

mechanism was elucidated' Western btot anatysis of PARP cleavage

and cYtochrome c

Crude extracts were obtained bY

,.-ip"nOing about 106 cells in 150 pl

extiaction buffer' Samples w.ere , ","nli-
fuged at 14000 rPm for 20 mtn ar + t,'

168



Cytosolic extracts were removed and
added to sample buffer. The lysates were
separated through 15% SDS-polyacryl-
amide gels and electroblotted onto
nitrocellulose membranes. Cleavage of
PARP was determined using the PARP
polyclonal antibody. Cytochrome c was
detected by H-104 polyclonal antibody.
Following extensive washing with TBS
containing 0.05% Tween-20, blots were
stained with the chromogenic detection of
alkal ine phosphataselabeled ant ibodies
on western blots.

Measurement of oxidative phosphorylation

The hepatocytes were removed into a
breaker containing icecold 0.25 M sucrose
buffer. Three passes of the glassteflon
homogeniser were used. The homogenise
was centrifuged at 12000 rpm for 10 min in
refrigerated centrifuge. The supernatant
was poured off and the mitochondrial pellet
was resuspended. Biuret method was used
to determine protein concentration of
mitochondrial suspension. The oxygen
electrode of biological oxygen monitor was
set uo. 0.25 M sucrose buffer, 0.1 M
potassium dihydrogen phosphate, 150 mM
sodium succinate and hepatocyte mito
chondria were placed into the reaction
chamber. Oxygen consumPtion was
measureo.

Results

The alteration of mitochondrial membrane
potentialAr{q, ROS, intracellular free Ca2+
and pH

Compared with the group of control, in
the group of DDP the fluorescence
intensity of Avn, Ca2*, pH and ROS
increased obviously. In the group of DDP,
the fluorescence intensity of Rhodamine
123 was 1827.27 r. 197.75, but in the
group treated with NADH and DDP it was
900.33 t  9.50 (P < 0.05).  An increase of

the mitochondrial fluorescence of
Rhodamine 123 represents an increase of
mitochondria depolar izat ion, meaning
more negative membrane potential and a
reduction of mitochondrial membrane
potential. lt indicated a fall of Ayq occurred
during cel l  damage induced by DDP. In the
group of DDP, ROS was 2704.27 I  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 signal ing in cel l
apoptosis pathways.
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Fig. 1. Levels of hepatocytes Aryq, ROS,
intracellular free Ca2+ and pH value
* Compared with the group of control, P <
0.05

The expression of PARP anä cytochrome c

We found that the 113kD PARP was
cleaved during apoptosis into 89kD
fragments, which served as an earlY
specific marker of apoptosis. In the group
treated with NAD!-I and DDP, those
phenomenons wer<i not observed. The
cytosolic fractions of 15 kD cytochrome c
were detected in the group of DDP, which
was responsible for the release of
cytochrome c from mitochondria during
apoptosis.

The effect of NADH and DDP on function
of mitochondria oxidative phosphorylation

Mitochondrial respiratory function (Ss:
oxygen consumption stimulated by ADP;
Sa: oxlgen consumption in the absence of
ADP, RCR: ratio of 53 and S+; ADP/O atio
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between the nanomoles of ADP phos-
phorylated to ATP and nanoatoms of
oxygen consumed) was measured by
polarographic methods. Compared with the
group of control, the value of Q, RCR and
ADP/O reduced more than 38%, 35% and
40o/o in the group of DDP. There was a

significant difference between the group of
NADH/DDP and DDP. The change of $
and mitochondria RCR reduction resulted
in hepatocyte injury induced by DDP.
NADH could prevent DDP-induced
mitochondria impairment.

Table 1: Oxidative phosphorylation in the mitochondria of hepatocyte

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

Discussion

Numerous chemotherapeutic drugs are
toxic to specific organs and have severe
side effects that limit their efficacy, such as
myelotoxicity and 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
apoptosis of human normal cel ls induced
by chemotherapy drugs, such as Cisplat in
and Doxorubicin"-'. Apoptosis is essential
in many physiological processes. In
oncology, extensive interest in apoptosis
comes from the mode of cell death that is
triggered by a variety of antitumor drugs.
Cell death may result from mitochondrial
respiratory dysfunction. Mitochondrial
membrane potential was monitored with
the fluorescence probe Rhodamine 123.ln
the group of DDP an increase of the
mitochondrial fluorescence of Rhodamine
123 represents an increase of mitochon-
dria depolarization, meaning more
negative membrane potential and a
reduction of mitochondrial membrane
potential. Mitochondria are presented as
the important executioner of apoptosis.
This crucial oosition of mitochondria in
apoptosis control is proven by the results
obtained from the changes of mitochon-
drial membrane potential and ROS

productions. The level of intracellular ROS
is activated to commit cells to apoptosis.
However,  NADH could inhibi t  this kind of
ROS signal.  NADH can inhibi t  the
production of ROS, indicating that 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
interconnects with other components of
signal pathways. PARP generates an input
signal into the p53 pathway, and is an
obligatory signal for some apoptotic
responses. The most critical and
extensively studied role of PARP is its
participation in DNA base excision repair.
Fol lowing binding to damaged DNA, PARP
uses NADH to synthesize branched
polymers of poly(ADP-ribose) on nuclear
target , proteins. PARP contains an N-
terminal DNA-binding domain (DBD), a
central automodification domain that
accepts poly(ADP+ibose) and a C-terminal
catalytic domain. PARP is one of the
substrate proteins targeted by caspase-3
during apoptosis. Normally, cytochrome c
is localized exclusively in the space
between the outer and inner membranes of
mitochondria. lt is released into the
cytoplasm during apop^to.s^is because
mitochondrial  permeabi l i ty" '  ' " .  NADH can
directly reduce cytochrome c, showing that
i t  is an ant ioxidant.  We found that the 113
kD PARP was cleaved during apoptosis

170



r
into 89 kD fragments and the cytosolic
fractions of 15 kD cytochrome c were
detected into 89 kD fragments and the
cytosolic fractions of 15 kD cytochrome c
were detected in the group of DDP, in the
group treated with NADH and DDP, those
phenomena were not observed. NADH can
prevent DDP-induced mitochondria impair-
ment.
Mitochondria are well known to have a
critical function in energy metabolism.
Mitochondria are responsible for ATP
provision by oxidative phosphorylation. Our
results demonstrate disruption of mito
chondrial  funct ion induced by DDP: an
initial phase of uncoupling of oxidative
phosphorylation and a late phase with
damage to mitochondrial function. To study
ATP synthesis coupled to respiratory
electron flow it is necessary to use intact
mitochondria. The mitochondria are sepa-
rated from the homogenate by sequential
centrifugation. lsolated mitochondria are
suspended in a buffer containing ADP, Fl
and oxidizable substrate such as
succinate. Three easily measured proces-
ses occur: 1) the substrate is oxidized,2)
02 is consumed and 3) ATP is synthesized.
Oz consumPtion is measured using a
oxygen electrode. Oxygen consumption
and ATP synthesis are dependent upon
substrate oxidation and the ADP/O
quotient is determined for three different
substrates. Because the energy of
substrate oxidation drives ATP synthesis in
mitochondria, it is not surprising that
inhibitors of the passage of electrons to Oz
block ATP synthesis. The change of 53 and
mitochondria RCR reduction resulted in
hepatocyte injury induced by DDP. NADH
could prevent DDP-induced mitochondria
impairment. The alteration in mitochondrial
electron transport and oxidant production
associated with loss of cytochrome c.could
activate the occurrence of apoptosis "' ' '.
lmproving mitochondrial function repre
sents a novel therapeutic strategy in
cytoprotection of chemotherapy' These
data suggest the existence of mitochondria
signaling pathway in which NADH acts its

anti-apoptosis function. Currently available
cytoprotective agents applicable to cancer
chemotherapy include Amifost ine' ' ,  indica-
ted for regimens containing Cisplatin, and
Dexrazoxane'", a cardioprotor indicated for
regimens containing Doxorubicin' The
agents have the potential to lessen the
toxic effects of chemotherapeutic drugs on
normal tissues and preserve the function of
normal tissues. Moreover, elucidating real
mechanims contribute to mitochondrial
dysfunction induced by chemotherapy
drugs will provide better treatment and
diagnosis tools '" .
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