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ABSTRACT KEYWORDS
I ntroduction: Duzhong (Eucommia ulmoides Oliv.) isaChinesetraditional Comet assay;
medicinal herb with antioxidant actions toward oxidative damagewhichis Eucommia ulmoidesOliv.;
well documented in different scientific researches. Comet assay (singlecell DNA protection;
gel electrophoresis) isawell-devel oped techniquefor theanalysison DNA Antioxidant;
damagein single cell level. The purpose of this study isto compare ague- Lymphocyte.

ousand al coholic crude extract of DuZhong cortex for its potential in vitro
DNA protective effect on human lymphocytes against oxidative stress
environment.

Design: Venous blood was collected from three healthy adult volunteers
followed by isolation of lymphocytes. DuZhong extract was obtained by
boiling inwater and ultrasound-assi sted a coholi ¢ extraction. Lymphocytes
wereincubated to different dilutions of DuZhong extract before oxidative
challenge with hydrogen peroxide solutionin standard and lysed cell comet
assay. The nucleus of lymphocyte was stained and manually scored under
fluorescent microscope.

Results: Significant reductioninlength of comet wasonly found in 0.1mg/
L of agueous extract undergone lysed cell comet assay while alcoholic
extract did not show significant reduction with same other experimental
setting. No significant reduction in comet length and no obvious differ-
ence were seen among agueous and alcoholic extracts in standard comet
assay. The result demonstrated that DuZhong shows some DNA protec-
tion action against oxidant stress for specific experimental condition.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION exposureto oxidizing agents such asxenobiotics, envi-
ronmenta pollutantsor ionizing radiation.
Reactive oxygen species (ROS) are products of From theview of oxygen supply, either too high or

normal cellular metabolismand generally representing  toolow level of oxygenmolecules(O,) for tissuesmay
oxygen freeradicasY. They canasobeproducedfrom  promote greater generation of ROS resulting inin-
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flammation, signdingand geneactivation®. Itisbdieved
that alternation of O, level intissuesaffect geneexpres-
sondirectly.

Immunologica cdlslikelymphocytesneed ROSto
carry out their norma function but excessive amount of
ROS may affect lymphocytesby attacking the cellular
componentsleadingto cdlular damage™.

Therearedifferent typesof ROSincludingfreeradi-
cal superoxideanion (O, ), hydroxyl radica (- OH)
and hydrogen peroxide (H,O,) which can be produced
by intercellular or extracellular sources*®. Therela-
tionshi p between thequantity of ROS and the extent of
oxidative stresshasbeeninterested to many scientists.

Oxidative stressisaterm generdly describing the
imbal ance between cdllular production of freeradicas
(oxidativeload) and the complex network of antioxi-
dant defense or damagerepair mechanism availableto
detoxify and removethe damage by oxidativeload®7.
Oxidativedressisbdievedto corrd aewith broad spec-
trum of diseasescommonly foundin human such asall
inflammatory diseases, ischemic diseases, smoking-re-
lated disease and neurological diseases®. Susceptible
target organsto oxidativestressincludeliver, brain, kid-
ney and testes®9,

Many of the above mentioned di seasesare accom-
panied with aging process*. In other word, oxidative
sressisanimportant and unavoidablefactor of agingin
human being and other speciesof organisms. Thein-
creased production of superoxideisbelievedto bere-
sulted from atered oxidative metabolism and hencedis-
turbed mitochondrid regulation®.

Thedamage of DNA can beinduced by oxidants
such as hydrogen peroxidewith subsequent possible
consequencesof termination of cdl cycleregressonand
apoptosig*?. Alternation of base pairsand DNA struc-
turemay lead to aging, cellular senescence and possi-
bilitiesof cancer and certain diseases. Although DNA
damageincreasestherisk of cancer, therisksarethought
to belowered by DNA protecting agent(*?!.

DuzZhong is aflowering deciduous tree and en-
demic spediesinmainland Chind*+*¥, DuzZhong hasbeen
widely investigated for itsactiveingredientsin terms of
antioxidant, hypoglycemic and hypolipidemic ac-
tiong?617, Different approaches have been devel oped
toinvestigatethe beneficid effectsof DuZhongagaingt
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oxidative damagein biomoleculesand ROS scaveng-
ing activity('®19, DNA protective effect of DuZhong
againg oxidant chalengesinliving cdlshasbeen dem-
onstrated by the comet assay*.

Comet assay isdevel oped by Ostling and Johanson
in 1984 whichisafast, easy-to-useand sensitivetech-
niquefor theandysson DNA damageof dl cdlsandit
hasbeen widdy used for investigation on DNA repair,
radliation biology and genetic toxicity!*2%, In standard
whole cell comet assay, cell arelysed to expose DNA
strands after treatment with potentially genotoxic or
genoprotective agent while cell lysisisperformed be-
foretreatment with potential agent inlysed cell comet
assay'™, Thelysed cdll version allowsnaked DNA to
be exposed to putative geno-protecting or DNA-dam-
aging agentssuchthat cdllular bioavailability and mecha
nism of action can be explored?. By comparing the
result from both typesof comet assay, thepossiblerole
of cell membraneand intracellular congtituentscan be
evaluated®.

In order to extract the contentsfrom medicind herbs
like DuZhongin effective and controlled manner, dif-
ferent approaches of extraction have been attempted.
Extraction methodsincdudeboiling water extractionwith
or without enzyme-ass sted, microwaveirradiation and
ultrasonic technique %2224,

Theamsof the present study wereto investigate
aqueous and a coholic crude extract of DuZhong cor-
tex for its potential in vitro DNA protective effect
against oxidative stress and compare the anti oxidant
activity among two extraction methodswith standard
comet assay and lysed cell comet assay.

EXPERIMENTAL

Materials

DuZhong was purchased from atraditional Chi-
nese medicinestore (Tung Fong Hung Medicine Co.
Ltd.) inHong Kong. Thechemica swith highest purity
gradeavailablewere used. Histopaque 1077, Type VIl
low melting point agarose, phosphate buffered saline
(PBS) powder, ethidium bromide, hydrogen peroxide
(H,0,) solution, Triton X-100, disodium
ethylenediaminetetraacetic acid (EDTA) dihyrateand
Triswerefrom Sigma(St. Louis, MO, USA). Agarose
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3:1 was from Amersco (Solon, OH, USA). Sodium
chloridewasfrom BDH (Poole, UK). Sodium hydrox-
idewasfrom RdH (Sigma-Aldrich, Germany). Hydro-
chloric acid wasfrom Merck (Darmstadt, Germany)
and absolute methanol from International Laboratory,
USA.

Experiment apparatus arelisted asfollow: fluores-
cence microscope (Microphot-Fx, Nikon, excitation
filter ranged 510-560nm, Tokyo, Japan), refrigerator
and freezer (4°C and -20°C, Sanyo, Japan).

Samplecollection

Fresh blood were obtai ned by venous blood col -
lection from three healthy volunteers (2 malesand 1
femaeaged 29-33 years, mean = 31) for each time of
experiment. These sampleswereready for further pro-
cedures harvesting lymphocytes described in part of
method of comet assay.

Preparation of herb water extract

Onegram of finely cut dried cortex of DuZhong
was soaked in 100 mL deionized water and then boiled
for both 30 minutes. After cooling, themixture wasfil-
tered through Whatman No. 1 filter paper and made
up to 100 mL mixturewith deionized water as 1% w/v
stock solution of DuZhong extract. Thestock solution
waskept at -20°C as aliquot until use.

Prepar ation of herb alcoholic extract

DuZhong powder of 0.5 gram and 10 mL of abso-
|ute methanol were added into 50mL centrifuge tube.
Thetubewasloosdly capped and ultrasonicated for 30
minutes. Thetubewas centrifuged for 15 minutesfor
3000 rpm at 15°C for supernatant retaining with two
changesof fresh solvent. Theextract was concentrated
by evaporationin 37°C and then aliquoted into plastic
tubefor 1 mL each and kept at -20°C until use.

Thedry massof DuZhong extract was determined
by defrosting and drying one set of a coholic extract at
55°C oven overnight for making up 1% w/v stock so-
lution.

Comet assay

Comet assay is used to assess DNA damage in
lymphocytesunder oxidativechalengeinthisresearch
setting, following the procedure devel oped and further
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modified invariousresearch topicg324,

One s deof microscopedideswaspre-coated with
1% standard agarose sol ution. For each comet assay,
eighty fivepL of warm 1% standard agarose was added
to the pre-coated didesfollowed by coveringwith 18
x18 mm cover dip and refrigerated for solidification.
Onehundred uL of venous fresh blood was mixed with
1mL of PBSinamicrotube. After 4°C refrigeration for
30 minutes, Histopague 1077 wasunderlaid under the
mixtureinside the microtubefollowed by 1500 rpm
spinning for 5 minutesat 4°C centrifuge. One hundred
uL of lymphocytes was retrieved into a new microtube
containing 1 mL of PBSfollowed by centrifugationwith
same condition applied. Lymphocytes obtained were
ready for following steps of both standard and lysed
cell comet assay. Comet assayswerecarriedout intrip-
licateasfollow:

For standard comet assay, different dilutions of
DuZhong water or alcoholic extract from 102to 10°
of origina 1% w/v stock solution(i.e.0.1g/L to10 ug/
L of DuZhong extract) were prepared with PBS. These
dilutionswere added into each microtube containing
50 uL of lymphocytes for incubations. After 30 min-
utes, themicrotubeswere cold centrifuged followed by
supernatant remova and PBSwashing.

One mL of 50 uM H,O, was added to each
microtubeand thenkept in fridgefoll owed by cold spin-
ning both for 5 minutes. Thelymphocytesremainedin
microtubeswerewashed by PBS with supernatant re-
moval and then tapping for re-suspending. Cover dips
wereremoved from standard agarose pre-coated dides
just beforecarrying out cell embedding. Another 85 ul
of 1% low melting point (LMP) agarosein PBSwas
added into the microtube. The microtubewastapped
andthen 85uL of mixture was transferred to the centre
position of second agarose layer ontheslide. Cover
dip was placed again followed by 5 minutes of refrig-
erdtion.

Working lysis solution wasthen prepared by add-
ing 0.4 mL of Triton X-100to 40 mL stock lysissolu-
tioninastaining jar. Slideswith cover slip removed
were placedinto thestaining jar kegping at 4°C for one
hour. Thedideswere placed into another jar containing
40 mL of eectrophoresissolution and | eft for 20 min-
uteswith two changesfor DNA unwinding and break-
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a) Score 0 b) Score 1

c) Score 2

Score 3 e) Score 4

Figurel: Microscopicimagesof lymphocytestained with 2mg/L ethidium bromideshowing different length of “comet” tail
in accordance itsextent of DNA damage from Scor e 0 (not damaged) to Scor e 4 (sever ely damaged) using fluor escence

micr oscope

ing. Thedideswerethen placed gently onthe platform
of thee ectrophoresi stank inacompleterow with blank
dides. Electrophoresiswasrun at 25V of voltageand
0.3A of current for 30 minutesin cold environment.
Thedideswere placed into stainingjar containing tap
water at 4°C for 5minuteswith two changes. Thedides
wereremoved fromthestainingjar for dryingin 37°C
ovenfor 30 minutes.

For lysed cell comet assay, the cell embedding step
whichissameasthat in standard comet assay was car-
ried out firstinlysed cell comet assay. After that, the
dideswithout cover dipsweredippedintoworking ly-
gssolutionfor onehour. Different dilutionsof Duzhong
water or alcoholic extract from 103 to 107 of original
1% wi/v stock solution (i.e. 10 mg/L to 1 pg/L of
DuZhong extract) weremade up to 20mL mixturewith
phosphate buffer.

Slidesweretransferred to astaining jar containing
0.4 M phosphate buffer for 10 minutesat room tem-
perature (RT) and different dilutions of DuZhong ex-
tract for 37 °C incubation for 30 minutes. After incuba-
tion, thedidesweretransferred to staining jar contain-
ing 0.4 M phosphate buffer a RT for 10 minutes, 40mL
of 50 uM H,0, at 4 °C for 5 minutesand then 0.4 M
phosphate buffer at RT againfor 10 minutes. Thedlides
werethen placed into another staining jar with ectro-
phoresis solution and left for 20 minutes with two
changesfor DNA unwinding and breaking.

Thedectrophoressstep wascarried out with same
protocol s as standard comet assay.

Result analysis

The slides were stained with 40 pL of 20 mg/L
ethidium bromidefor instant viewing and scoring using
fluorescencemicroscope. Thescorerdated tothelength
of lymphocytecomet wasrecorded for datistica andyss
using Prism 5.0 for Windows software (GraphPad Soft-
ware, CA, USA). Oneway ANOVA test followed by
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Dunnett’s Multiple Comparison Test were adopted in
current study.

RESULTS

Thelength of comet tail wasmanualy scored from
score0to4 asillustrated in Figure 1. The comet scores
of lysed cellsof water extraction of DuZhongwiththe
concentration of 0.1 mg/L (10° dilution) showed sig-
nificant differences (p<0.05) to positive control (H,O,)
asshowninFigure 2A. The mean comet scoresof this
concentration of DuZhong water extraction was 107
whilethat of positive control was 380. Thesignificant
differencesin comet scoresinthis set of comet assay
indicate that water extract of DuZhong had an obvious
protective effect of on DNA of lysed lymphocytes
agang oxidativechalenge.

Differencesbetween various concentrations of al-
coholic extract of DuZhong and positivecontrol inly-
sed cell comet assay was not significant. The comet
scoreof dcoholicextract ranged from 372to 387 while
the positive control was 389. Theresult of comet scores
inthissettingwasshowninFigure2B.

No statistica significant differencewasfound on
both hot water and al coholic extractsof DuZhongin
standard comet assay. The comet scores of water ex-
tract lay between 359 and 384 whilethe positive con-
trol was 383. The scores of a coholic extract were 337
to 374 whilethe corresponding positive control was
342. Theplotting of comet scoresusing water extrac-
tionandacoholicextractionin sandard verson of comet
assay was shownin Figure 2C and 2D respectively.

DI SCUSSION
DuzZhongisacommon traditional Chinesemedici-

nal herb, whichisused widely for lowering blood pres-
sureand improving thetone of kidney and liver*"1823,
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Figure2: Mean total comet scorewith standar d derivation (n=3) in the presence of DuZhong extract from 102to 10°°of
original 1% w/v stock solution (0.1g/L to 10ug/L) in standard comet assay and 103to 107 of original 1% w/v stock solution
(10mg/L to 1ng/L) in lysed cell comet assay. Control used in each experimental setting was S0 uM H,O,. A: DuZhong water
extract in lysed cell comet assay. B: DuZhong alcohalic extract in lysed cell comet assay. C: DuZhong water extract in
standard comet assay. D: DuZhong alcoholic extract in standard comet assay

It hastheability to minimize oxidative statusand lipid
peroxidationinclinical areasaswell asfood preserva
tion*8228, Plantsrich in natural antioxidant such as
phenolicswasfound to prevent oxidative damage.'8
The use of DuZhong on oxidative stressrelated dis-
eases deserves attention(®,

Different studies on DuZhong have been carried
out before. Many of them focused on the therapeutic
effect of theherb usnganima modd whilerdaed sudy
oninhibitory effect on oxidative stresshasbeen carried
out using standard comet assay al one?621, The cur-
rent study further investigated whether roasted cortex
of DuZhong protectsDNA agai nst oxidativestresswith
comparison of antioxidant activity among two extrac-

tion methodswith two versionsof comet assay.

Results showed that significant reduction of comet
score of lymphocytespretreated with specific concen-
tration of hot water roasted cortex DuZhong extract
(0.1mg/L) and oxidetive chalenge comparing with con-
trol (oxidativechalengeof 50 uM H,O, only) (p<0.05).

Only hot water extract of DuZhong exhibited DNA
protectiveeffect inlysed lymphocytesagainst oxidative
challenge. No protection was seen in standard comet
assay and d coholic extract demonstrated ineffectivein
protecting DNA at all concentrationstested. There-
sultsof DNA damage prevention are consistent with
previous study showing theinhibitory effect on damage
of purified DNA by DuZhong extract™.
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Absent of protection in standard comet assay but
narrow rangeprotectioninlysed cell comet assay sug-
gested the possibility of cell membrane effect®. Mol-
eculeswith DNA protecting effect werenot ableto pass
through plasmamembrane. Although limited accessto
cellular DNA wasobserved, thisdoesnot rule out the
antioxidant to beexerted in extra-cellular environment.
The protectiveaction may bemediated viairon binding
or scavenging of ROSwhile possibleinteraction with
intracel lular components can be considered al so?.

Comet assay resultsin the present study indi cated
that DNA protective effect wasfrom narrow range of
concentration of DuZhong aqueousextract. Thelimita-
tion of protective effect may be caused by two major
factors. insufficient protective power inlow concentra-
tion of activeingredientsand possiblecounteracting pro-
oxidativeaction at high concentration. Roasted cortex
extract of DuZhong may cause oxidative DNA damage
dueto the presence of Maillard reaction oxidative by-
product during roasting process'¥. However, such sug-
gestionsmay provideideato further investigate pos-
sibleDNA damageeffect inthe herbsaffecting theac-
curacy of thesimilar study.

Inthe current study, only simpleextraction meth-
ods and solvents were adopted. Only crude extracts
were obtained becausetraditional Chinese medicines
are generaly prepared in simple boiling procedure.
Herba medicineisa socommonly preparedintheform
of ‘wine’ particularly when it is taken as supplement. It
has a so been shown that ultrasound-assi sted extrac-
tion benefitsof higher yield and shorter extractiontime
comparing with traditional extraction methods?*3,
Furthermore, higher concentration of phenolic contents
obtained and higher inhibiting ability onlipid peroxidation
using acoholic extraction other than agueous extrac-
tion have been demondtrated in various studies on dif-
ferent medicinal plantg®:2. However, only aqueous
extraction providing significant result indicated thet ac-
tive protectiveingredient of DuZhong may besolublein
water only but not a coholic agents. Use of other com-
binations of extractions other than hot water seemsto
havelittle effect for thisspecies of herbal plant based
ontheresult of current study.

However, the current study providedlittleinforma-
tion about thetype of DNA protective agentsand way
of protection givenwhichisremainedfor further inves-
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tigation. Besides, thepossibility of DNA protectionand
repairing ability, beneficial effectson other cell types
and other systems of human bodies such asimmune
systemand actionstotheextent higher than cdlular leve
by DuZhong should not been ruled out suchthat it can
be considered infollow-up studies.

Therearesomelimitationsonthisstudy. Small num-
ber of subjects(n=3) in current study may cause statis-
tical error despitelow standard deviation (around 10)
among test sampleswasrecorded. Larger samplesize
infurther studies may produce morerepresentativere-
ault.

The current study focused on beneficial effect of
DuZhong to oxidative damage. However, morework
can beincludedin further studieslike effectson other
body systemslikeimmune system whilevariousvita
parameters can be also taken into account in order to
construct more comprehensive and systematic over-
view of the herb concerned.

In conclusion, aqueous DuZhong cortex extract
exhibited DNA protective effect on naked DNA while
a cohalic extracts showed ineffective protection against
hydrogen peroxide mediated damage. Further study on
individua compoundsin DuZhongisneededto explore
theadditiona potentid beneficid effectinhedthmain-
tenance.
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