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ABSTRACT

To observe the effect of vitamin E(VE) supplements on DNA damage in
mice liver cell induced by acute exercise. 40 male Kunming mice were
averagely randomized into four groups: Control group(CG), exercise group
without V E supplements(EG),V E supplements group without exercise(VEG)
and V E supplements group with exercise(E+VEG). Webuilt up the exercise
fatigue model for micethrough the protocol of repeated exhaustive treadmill
running and use the single cell gel electrophoresis(SCGE) to detect the
DNA damage of liver cells in different groups. We also measured the
changes of SOD, GSH and MDA on liver tissue. Our studies showed that
the DNA damage of liver cell in E+V EG group wassignificantly lower than
that of EG group(P<0.001)and therewasno statical difference between CG
and VEG groups. And the level of SOD and GSH in E+VEG group were
significantly lower than that of EG group(P<0.001). MDA content in EG
group was highest,the second was E+V EG group,and the last were CG and
VEG groups. Thoseresultsleaded to conclusion that acute exerciseinduced
more free radical to increase the level of SOD, GSH and MDA, and also
occurred more DNA damage, however the VE supplements has obvious
protective effect. Exerciseinduced oxidative stressis one of the mechanism
of DNA damageonliver cells. © 2013 Trade SciencelInc. - INDIA
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INTRODUCTION

It wasreported that tissueinjury could beoccurred
during the extremely exercise, and exercise oxidative
stressinduced lipid peroxidation may be one of the
mechanisms causing DNA damage'¥. Antioxidant
supplementsto prevent or aleviatethedamageof DNA
has been experimentally confirmed?. Vitamin E (VE)
iswell known and effectivelipid solubleantioxidant,
and widely used in many fields®. VE can prevent the
DNA damage of toxic effect to the body, and prevent

or reducetheform of freeradica during human expo-
suretoionizing radiation, smoking, food additivesin
thedaily environment®®. However, the current studies
about the effect of VE on preventing DNA damage af -
ter exercisefatigue are still rarely reported. Thisex-
periment used singlecell gel eectrophoresis(singlecdl
gel dectrophoresis, DNA SCGE)“ to detect the DNA
damageinduced by exercisefatiguein miceliver cdls,
and theprotectiveeffect of VE onliver injuryinmice
DNA cells were observed, so asto provide arefer-
ence basison how to supplement VE in human body,
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and aso providesanew method for the prevention and
elimination of exercisefaigue. Furthermore, itaimedto
observetheeffect of vitamin E(V E) to reducethe oxi-
dative stress, through which the DNA damagewould
berepaired or not.

MATERIALSAND METHODS

Animalsand exer ciseprotocol

Hedthy maemice (KM, supplied by anima center
of medicine department of Peking University), 7-8
weeks, the mean weight were 28.68+2.56g. The ani-
mal room was kept at 20-24!and 40—-60% humidity
with a 12/12 hr dark/light cycle. 40 mice were ran-
domized into four groups. Control group(CG), exer-
cisegroup without Vitamin E supplements(EG),VE
supplements group without exercise(VEG)and VE
supplementsgroup withexercise (E+VEG), eech group
had 10 mice.

The exerciseprotocol wasdoneasMarraet al. [,
but it was repeated for seven days on the exercised
group, once per day. It consisted of an acute exhaus-
tiveexercisebout of treadmill running. Micewererun
at 28m/minon a28 dopefor 90 minfollowingabrief
(20min) warm-up. Exhaustion was determined by fail-
ureto run after continued prodding and splayingwithin
thetreadmill lane. Control group micewere exposed to
the noise and vibration of the treadmill for the same
duration astheexercised mice.

Supplementation of vitamin E (VE)

The mice of VEG and S+ VEG group were fed
with Vitamin E (VE) post exercise 1hour every day
during the training period. VE was purchased from
Beijing double crane pharmaceutical company, andits
batch number wasH11021397.

Alkaline comet assay

The akaline comet assay was done as described
by Godard et al.[. Fully-frosted clean microscope
slides were covered with 1% normal melting point
(NMP) agarose and allowed to polymerize at room
temperatureto allow agaroseto dry. After solidifica-
tion, the gel was scraped off fromthedide. Thedlides
werefurther coated with 0.6% NM P agarose. When
thislayer had solidified asecond layer containing the

whole chicken blood sample (0.5uL) mixed with 0.5%
low melting point (LM P) agarose was placed on the
dides. After 10minof solidificationonice, dideswere
covered with 0.5% of LMPagarose. Anamount of 100
uL of this agarose cell suspension was layered on the
top of thesecond layer. Finally, thefourthlayer of 0.5%
low melting point (LM P) agarose was added to cover
thethird layer and dlowed to solidify for 10 minat 4°c.

Afterwardsthedideswereimmersed for onehour
inice-coldfreshly prepared lysissolution (2,5M NaCl,
100 mM NaEDTA, 1% Na-sarcosine, 1% 10 mM
Tris-HCI, pH 10 with Triton X-100 and 10% DMSO
added freshto lysecellsand allow DNA unfolding).
After lyss, dideswere placed inthefreshly prepared
electrophoresis buffer (300 mM NaOH, 1 mM
Na,EDTA, pH 13.0) toremove sdts. Theslideswere
setinthisakalinebuffer for 10 minto alow DNA un-
winding and expression to akali |abilesites. Denatur-
ation and el ectrophoresiswas performed at 4°c under
dimlightat 25V (300 mA). After electrophoresis, the
dideswerewashed threetimesat 5 minintervalswith
buffer (1% Triton X-100, 10%DM SO) to remove ex-
cessakali and detergents. Each didewas stained with
ethidium bromide (20 pg/ml) for 10 min and covered
with acover dip. Slideswere stored at 4°cin humidi-
fied sealed containersuntil anaysis. To prevent addi-
tional DNA damage, handling with blood samplesand
sepsincludedinthe preparation of didesfor the comet
analysiswere conducted under yellow light or inthe
dark.

Slideswereexamined at 200x magnification on an
Olympusfluorescence microscope (Olympus Optica
Co, Ltd, Tokyo) with excitation at 520 nm green bar-
rier filter. Twenty fiverandomly selected cellswere sub-
mitted toimage anaysis system. After automatic de-
limitation of nucleushead and tail aswell aselimination
of background fluorescence and touching cells, differ-
ent parameters are calculated. Tail moment was de-
fined by the product of the distance between the two
barycentres of the head and thetail by the proportion
of fluorescenceinthetail of thecomet.

Activity of antioxidant systems

Theliver tissuewereremoved and frozeninliquid
nitrogen, and subsaquently homogenizedinice-cold Tris-
HCI buffer (25 mmol/L Tris, 1 mmol/L EDTA, 10%
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glycerol, and 1L mmol/L DTT, pH 7.4) withaglassho-
mogenizer. Thehomogenate was centrifuged at 10 000
xg for 20 minutes at 4°C. The supernatant and sedi-
ment fractionswere separated, and the supernatant was
aliquoted and stored at -80°C. The activity of SOD
yGSH and MDA was determined spectrophotometri-
cally according to the method of the Nanjing Jiancheng
Bioengineering Ingtitute(China) with aspectrometer.

RESULTS

DNA damage o of mice liver cellsin different
groupsinduced by exhaustive exer cise

DNA damageisvisudized a theindividua cell level
asanincreased migration of genetic material (“comet
tall””) from the nucleus (“comet head”). Tail moment is
the product of tail length and percentage DNA inftall,
thustail moment representsboth the amount of DNA
migrated into thetail and thedistancemigrated (Figure

1). Thetail moment iscommonly reported asavaid
marker of single-strand DNA breakage. As presented
inFigurel, the control group(CG) and the VE supple-
mentation group without exercise(VEG)did not have
vivid “comet tail” (A and B respectively); the exercise
group with VE supplements (E+V EG) showed out a
little “comet tail” (C); the exercise group (EG) has
obvious “comet tail (D).

INTABLE 1, wealso usethe comet assay param-
eter to expressthe DNA damageof liver cell induced
by repeated exhaustive exercise. We found that the
higher thisvalues, the greater the damagethat hasoc-
curredtothenuclear DNA. Statisticaly significant dif-
ferences(P<0.001) in DNA damagewerefoundinthe
liver celsof micein EG ascomparedto CGand VEG
the DNA damageof blood cdllsin E+VEG did not show
significant higher than CG and VEG(P>0.05). There
were no significant differences between CG and
VEG(P>0.05). The CG and VEG cellssustained the

Finger 1: DNA comet imageof miceliver cell in different group(x200).
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least background damage. Figure1 and TABLE 1 sum-
marizethedifferent levelsof DNA damagein different
group of mice.

TABLE 1: Thecomet assay parameter of liver cell in differ-
ent group

Group Tail inertia Olivetail moment  Tail Moment
CG 3821.11+1231.21 3.21+0.86 53.12+15.31
EG 4572.62+1785.47* 13.16+4.63*** 57.64+16.21*
VEG 3648.97+1023.65* 2.7+0.75 50.35+13.86*
E+VEG  3982.45:+1461.34" 4.96+1.21" 52.73+14.26"

All the data was expressed by x +s , compared with CG,
*P<0.05§**P<0.01y***P<0.001; compared with EG, “P<0.05,
#P<0.01,"#P<0.001.

M easur ement of SOD, GSH and MDA

From the TABLE 2, it showed that the SOD ac-
tivitiesinliver tissueof micewerelargely dteredinadl
groups. The SOD activitiesof EG group weresignifi-
cantly higher than the other three groups, it werethe
samewiththelevel of GSH and MDA. The SOD ac-
tivitiesand thelevel of GSH in VEG group increased
obvioudy than CG group(P<0.001), however, theleve
of MDA reduced significantly(P<0.001). Compared
with EG the SOD activitiesand GSH level inE+VEG
group reduced in varying degree(P<0.001,P<0.05),
through the level of MDA reduced
significantly(P<0.001).

TABLE 2: Thechanging of SOD, GSH and MDA on liver
tissuein different group

Group  SOD(U/mgprot)  GSH(mg/gprot) Mnagépg?)o”
CG 62.67+7.31 52,51+4.16 6.86+1.21
EG 143.72+13.28***  68.78+7.41** 15.48+1.46* **
VEG 75.86£12.624**  57.98+3.63*** 5.03+£0.94***
E+VEG  114.78+8.17" 63.12+4.81% 7.12+1.51"

All the data was expressed by x +s ,compared with CG, *P<0.05,
**P<0.01, ***P<0.001; compared with EG, #P<0.05, #P<0.01,
##P<0.001

DISCUSSION

DNA damage are physical abnormalitiesin the
DNA, suchassingle- and double-strand breaks. DNA
damages can be recogni zed by enzymes, and, thus, they
can becorrectly repaired if redundant information, such
astheundamaged sequenceinthecomplementary DNA

strand or in ahomol ogous chromosome, isavailable
for copying’®”. Moreover, DNA damaging agents can
damage other biomoleculessuch asproteins, carbohy-
drates, lipids, and RNA. Generally, DNA damageis
theleading basisin the carcinogenic process, however
DNA can be repaired, for the body has some repair
mechanism after injury, so asto avoid the occurrence
of tumor®9. The cause of damage of DNA hasalot of
kinds, at present, someresearch hasconfirmed thehigh
intensity exercisewill lead to damage of the genetic
material DNA™, Blood mononuclear cell DNA oxi-
dative damageisfound toincreasein human body after
intense exercisdY, It wasalso found that the DNA of
skeletal musclecells, lymphocytesand liver cellsoc-
curred damageto some extent!*?, Thisstudy withthe
SCGE techniquefor the detection of DNA damagein
miceliver cel found positiveindex tail inertia, olivetail
moment, tall momentswere significantly increased post
exhaudtiveexercise, suggestingthat DNA of miceliver
cdlsappeared seriousinjury, thisresult consistent with
other studies™.

Antioxidant status was assessed by measurement
of two key antioxidants (GSH and SOD). The present
study dsoinvestigatesthe statusof lipid peroxidation.
Antioxidantswork together inanimd cdlsagaing toxic
reactive oxygen species’¥, Reactive oxygen species
(ROS) causelipid peroxidation and oxidation of some
specific proteins, thus affecting many intra- and inter-
cellular systemd?®™, SOD playsakey antioxidant role,
which protects against oxidative damage especialy
mediated by freeradica sand lipid perioxidation. GSH
plays an important role in antagonizing exogenous
poison,oxygenfreeradicd injury, adjusting theimmune
function, maintaining cell protein and inhibiting cell
gpoptosis, whichisheman materia cellsagainst reac-
tive oxygen damage. And it is sensitiveand can com-
prehensively reflect the capacity of cellsagainst dam-
age’d. Madondia dehyde(MDA ) isthe product of lipid
peroxidation anditsleve isamarker of lipid oxidation,
also its content can reflect the degree of lipid
peroxidationinvivo and indirectly reflect theextent of
thedamage of cellg. Theresultsof the experiments
showed that SOD activity and GSH content increased
aswell asDNA damageinin miceliver tissue after
acute exercise, and the VE supplements reduce the
MDA level and DNA damage, which was concluded
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that DNA damage was related with tissue lipid
peroxidation, and the high intensity exercise caused
oxidativedamageintheliver and eventudlyleadto DNA
damageof liver cdls. Thefact that, inthe present studly,
asignificant level of DNA damagewas detected after
exhaustiverunninginthemiceprobably showsthat DNA
might beaweak link inacdl’s ability to tolerate oxygen
free-radical attack. It isconceivablethat thelevels of
exercise attained in our experiments could be associ-
ated with oxidative stress, and perhapsthe del eterious
effectsassociated with such stress. Itispossiblethat a
depressonintherunning performanceof themicecould
be attributed to disruption of the oxidant/anti oxidant
balance consequently resultingin oxidative stress.

Vitamin E(VE) asan antioxidant onehand canin-
hibit the oxidase enzymes system, activate and protect
anti-oxidase system, on the other hand, it can directly
reect withlively freeradicd, changelipid peroxidesinto
hydroxyl resin, and it isastrong freeradical scaven-
ger®®, Thestudy found that DNA damage of E+VEG
group weresignificantly lower than that of EGinmice
liver cell, indicatingthat VV E can effectively dleviateand
eliminate DNA damageof liver cdl caused by highin-
tensity exercise, thereason may berelated to antioxi-
dant effectinvivoonVitamin E(VE). Theresultsalso
showed that GSH and SOD activity and MDA content
in E+VEG group weres gnificantly lower than those of
EGinliver tissueof mice, suggesting the supplement of
VE candleviaetheoxidativedamageeffect ontheliver
induced by high intensity exercise, which reducethe
freeradicalsattacking theliver nuclel and nuclear ge-
neticmaterid. ThereforeDNA damagein E+VEG mice
wassignificantly lower than that of EG mice. However,
the activity of SOD and GSH and MDA content in
E+VEG miceliver tissueweresgnificantly higher than
that of CG, theresultsmay berelated with VE supple-
mentation doseor time. Therefore, the best effect of
V E supplementation on the protection of DNA dam-
ageremainsto befurther studied.

CONCLUSION

Inconclusion, thecurrent dataindicated that strenu-
ousexercisecaused oxidative stressintheseanimals
and thiswas associated with elevated DNA damage.
In exhaustive exercise, Vitamin E supplements could

reducethe DNA damageonmiceliver cdl during exer-
cse
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