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ABSTRACT

Lotus root (arhizome of Nelumbo nucifera) is known to contain various
bioactive phytochemicals, and traditionally used for medical treatment in
East Asia. However, this plant is mainly used as a food material, and the
joint part of thisplant is dumped as an agricultural wastein Japan. Then, to
useit asmedicinal resources, the agueous extracts were prepared from the
edible and joint parts of lotus root, and the direct effects of these extracts
on human colorectal cancer cells were examined. The joint part extract
reduced theviabilitiesof HT29 and HCT116 cellsby causing the oxidative
damage to these cells. The aqueous extracts prepared from both parts of
lotus root contained large amounts of polyphenolic compounds, and their
concentrations in the joint part extract were higher as compared with the
edible part extract. Furthermore, thejoint part extract was shownto liberate
hydrogen peroxide in the culture medium, which might be derived from
polyphenolic compounds contained in the extract, thus suggesting that
thejoint part extract may directly act onthe cellsasapro-oxidant, resulting
inthe oxidative damageto the cells, which might be unexpectedly mediated
through the necrotic rather than the apoptotic pathway.
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INTRODUCTION

Colorectal cancerisaserioushedth probleminthe
Western world, and acknowledged as one of thelead-
ing causesof cancer-related death”). Recently, the epi-
demiological study hasshown that thereisapossible
correl ation between diet and colon cancer?, and sug-

gested that theintake of fruitsand vegetablesinlarge
quantitiesmay beeffectivefor reducing therisk of car-
cinogenesi§d. Therefore, many kindsof phytochemicals
contained infruits, vegetables, herbsand medicinal
plants have been generally considered to possessthe
propertiesof preventing carcinogenesis*. Among of
these phytochemicals, polyphenolic compounds, such
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ascatechins, bioflavonoidsand cinnamic acid deriva
tives, have previously been reported to be well en-
dowed with the anti-cancer activities, which can be
expressed inthelr abilitiesto prevent both carcinogen-
esisand cancer cell proliferation aswell asto protect
thenormal cellsagainst the oxidative damagée®.

In general, polyphenol compounds are known to
exert not only their anti-oxidant but also their pro-oxi-
dant action on the cells, and reported to show their
pro-oxidant activities particularly at higher concentra:
tionsor inthe presence of transition metal°. Previous
studiesusing cultured cancer cellshave shown that sev-
eral flavonoid compoundsrevea the anti-cancer prop-
ertiesbased ontheir capabilitiestointeract with cellular
peroxidasesand/or thiols, thereby producing highly re-
active phenoxyl radicals, resulting in theformation of
gl utathione-conjugates or the oxidi zation of glutathione
to the disulfide form!™. Polyphenols have also been
shown to generate reactive oxygen species (ROS) via
several indirect pathwayswhich may belocated the
downstream of surface receptors and associated with
an NAD(P)H-dependent ROS production. On the other
hand, phenoxyl radicd sderived from polyphenolshave
been reported to disturb the mitochondrial function by
collgpsing thetransmembranepotentid, thereby gener-
ating ROSto aconsiderable extent!”l,

Lotus root (rhizome of Nelumbo nucifera) is
widely used asatraditiona folk medicinein EastAsia,
and thismedicina plantisknown to haveavariety of
pharmacol ogical activities, such ashypolipemicd?, anti-
virall® antipyretici*¥, antiinflammatory!*2 and
antioxidative® effects, thuscommonly applyingtothe
treatment of diarrhea, gastritis, insomnia, and nervous
prostrationin Korea, Chinaand India*3. Onthe other
hand, the extracts of lotusroot have been extensively
analyzed, and shown to contain many phytochemicals
indudingisoliensining keempferol and procyaniding*4%S
astheeffectivecomponents. In addition, lotusroot has
been shownto reved hypoglycemic®, antidiarrhed™”,
antipyretic*®, and immunomodul atory™ effects, and
moreover suggested to haveapotentid activity improving
learning and memory functions®. However, thisplant
isuncommonly used asamedicind plant in Japan, and
popularly utilized asafood material for Japanese cui-
sne. Incontrast to theedible part of lotusroot, thejoint
part, whichisthe part connecting the edible partseach
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other, istoo hard to eat, and therefore dumped as agri-
cultural wastesat great cost, thereby becoming an ear-
nest desireto establish away to utilizetheinedible part
of lotusroot. Sincethis plant hasbeen effectively used
asafolk medicinein other Asian countries, we pre-
sumed thejoint part of lotus root to have biological
actions, which can be expected to practically apply to
medical treatment. Recently, the cytotoxic effects of
variouschemica sand natural substanceson maignant
cancer cellsin culture have beeninvestigated by pref-
erence asaprimary screening for their potential anti-
cancer activities. Then, to evaluate theanti-cancer ef-
fect of agueousextract prepared from thejoint part of
lotusroot, theeffect of joint part extract onthegrowth
of malignant cancer cellswas examined using human
colon carcinomaHCT116 cellsasanin vitro screen-

ing system.
EXPERIMENTAL PROCEDURES

Cdl linesand chemicals

Human colorecta carcinomacells(HCT116 and
HT29 cells) were purchased from theAmerican Type
CultureCollection (Rockville, MD, USA). Neutrd red
solution, reduced-form glutathione (GSH), N-
acetylcysteine (NAC) and propidiumiodide (PI) were
obtained from Sigma Chemical Co. (St Louis, MO,
USA). TACSAnnexin V-FITC Apoptosis Detection
Kit was purchased from R& D Systems, Inc. (Minne-
gpolis, MN, USA). Catd ase was obtai ned from Wako
Pure Chemica Co. Ltd. (Osaka, Japan). Other chemi-
calsused werecommercidly available reagent grade
or ultrapuregrade.

Preparation of lotusr oot extracts

Lotusroot (the rhizome of Nelumbo nucifera) was
kindly donated by the Naruto agricultural cooperative
in Tokushima(Naruto, Japan). To preparethe aqueous
extract, the lotus root was cleaned by washing with
water, and thejoint and edible partsweresliced in an
approximately 1 cm thickness. The dliceswere dehy-
drated by exposing them to wind stream for several
weeks, and then ground into coarse powder. The pow-
der was soaked in distilled water at the concentration
of 4% (w/v), and kept at 4°C for 1 hr. Then, the in-
solublematerid swereremoved by centrifuging at 6,000
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x gfor 20minat 4°C. The aqueous extract was filtered
througha0.2 pm-pore filter, and aliquots of the extract
werestored at -20 °C until use.

Cdl culture

HCT116 cdlsand HT29 cdllsweremaintained on
a60-mm culturedishin 5 mL of Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10 % fe-
tal bovineserum, 50 units/mL of penicillin, 50 ug/mL of
streptomycin and 50 pg/mL of gentamycin sulfate at 37
°C in a humidified incubator containing a 95% air—5%
CO, atmosphere.

Determination of cell viability

Cellswereplated on a24-well cluster plateat a
density of 5 x 10* cells/well, and maintained for 24 h
to allow them to attach to the bottom of the vessel
before starting the experiment. The cellswere ex-
posed to the lotus root extractsat various concentra-
tionsfor different time periods. In somecase, thecells
were exposed to 5 mM glutathione, 5mM NAC, or
5 units/mL of catalase for 30 min before adding the
extracts. The cell viability was determined by mea-
suring the amounts of neutral red taken up into the
cellsasdescribed previously?+22, Briefly, the cells
were washed with saline solution, and incubated in
0.5mL of DMEM containing neutral red (50 ug/mL)
for 2 hin a humidified incubator. The cells were
washed twicewith saline solution, and then extracted
with acidified ethanol solution (50% ethanol - 1%
acetic acid) for 20 min at room temperaturewith con-
stant gentle shaking. Theamount of neutral red taken
up into the cells was determined by measuring the
optical density at 540 nm.

Determination of hydrogen peroxide generation

Cdlswereplated on ahaf of a24-well plateat a
density of 5x 10* cells/well, and the same volume of
growth medium was added to the other half. The cell
cultureand the medium a onewereincubated with dif-
ferent concentrations of the extract for 1 h, and the
medium of both group was collected, and then centri-
fuged at 20,000g for 20 minto removethefloating cdls
and cdll fragments. The concentration of hydrogen per-
oxideinthesupernatant fraction wasmeasured usinga
PeroX Oquant quantitative peroxide assay kit asre-
ported previoud y.
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Deter mination of total phenolic compound concen-
tration

The contentsof phenolic compoundsintheaque-
ousextracts of |otusroot were measured accordingto
the Folin-Cioca teau method as described previoud y?
withmodification. Briefly, 50 pl of the extract was mixed
with 50 ul of 50% Folin-Ciocalteau reagent, and 1 mL
of 2% Na,CO, solution was added to the mixtureat 3
min after starting thereaction, and then | eft to stand for
60 mininthedark. The concentration of total phenolic
compoundsinthe extract was determined by measur-
ing the absorbance at 750 nm using gallic acid asa
standard, and expressed as gallic acid equivaents
(GAEs).

Asanalternaiveway for thedetermination of total
polyphenalsintheextracts, the contentsof tannininthe
agueousextractsweremeasured using aclassc method
of Lowenthal permanganatetitration?, and expressed
astannicacid equivaents.

Characterization of cytotoxic effect

For aflow cytometricandyss, thecd Iswereplated
ona35-mm culturedish at adensity of 1 x 10°cells/
dish, and exposed to the extract for 24 h, and then
harvested by trypsinization. The cellswere collected
and rinsed with phosphate-buffered sdine (PBS), and
then stained with both Pl and FITC-labeled annexin V
using TACSAnnexinV-HTC Apoptoss Detection Kit
according to themanufacture’s instruction. The analy-
siswascarried out usingan EPICS XL-MCL System
[l flow cytometer (Beckman Coulter, Inc., Fullerton,
CA, USA) asdescribed previoudy®!,

To assess the damage to the plasma membrane,
the cells were plated on a 24-well cluster plate at a
density of 5 x 10 cells/well, and then exposed to the
extract for 24 h. Lactate dehydrogenase (LDH) activi-
tiesin both the culture medium and thecell lysate were
determined according to the method reported previ-
ously'?d with some modification. Theleakageof LDH
fromthe cellswas expressed asthe percentage of tota
enzymeactivity released into the medium.

Data analysis

Theresultswerepresented asthemean+ SE, and
andyzed usngaone-way andyssof variance(ANOVA)
followed by Fisher’s post hoc test. The probability lev-
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elslessthan 0.05 were accepted asastatistically sig-
nificant difference.

RESULTSAND DISCUSSION

Lotusroot iswidely used asafolk medicine, and
applied tothetreatment of severa disorders, such as
diarrhea, gastritis, insomnia, and nervous prostration
in East Asid™®. Ontheother hand, thisplant isapopu-
lar food materia, and thejoint part, whichisconnect-
ing the edible part of theroot, isusually dumped as
agricultural wastein Japan. To obtain aclueto devel-
oping away to usethisinedible part effectively, we
examined thedirect effect of the agqueous extract pre-
pared from thejoint part of lotusroot on the viabili-
tiesof human colorectal cancer cells, thereby trying
to evaluateits potential anti-cancer effect on colon
cancers, which are a serious health problemin the
Western world™.

Human colorectal cancer cellswereexposedtothe
aqueous extracts of either thejoint part or theedible
part of lotusroot at the concentration of 10%for 48 h,
and the effects of these extractson the cell viabilities
were determined by measuring the uptake of neutral
redintothesecells. AsshowninFigure 1, theuptake of
neutral red into HCT 116 and HT29 celIswasreduced
by exposing them to the aqueousextract prepared from
thejoint part, but the extract from theedible part failed
to cause any sgnificant reduction of thedye uptakeinto
thesecells. Thejoint part extract caused the reducing
effect ontheviabilitiesof HCT116 cellsinamanner
dependent on itsconcentration. Actually, the extract
caused no significant changeinthecell viability at the
concentration of 2%, and caused asignificant reduc-
tion of theviability at the concentration of 5%. An ap-
proximately 40% reduction of thecdl| viability wasob-
tained by exposing to the extract at the concentration
of 10% for 48 h (Figure 2), and this reduction was
observed upto at least for 72 h after that time (datanot
shown). Theseresultsindicated that the aqueous ex-
tract prepared fromthejoint part of lotusroot, but not
prepared from theedible part, reduced the viabilities of
human colorecta cancer cells, thussuggesting that the
joint part of lotusroot might contain larger amounts of
active substance(s) caus ng thetoxic damageto human
colorectal cancer cdlls.
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Figurel: Effectsof lotusroot extractson theviabilities of
human colorectal cancer cells. HCT116 and HT29 cellswere
exposed to 10% of theaqueousextractsprepared fromthe
joint and edible parts of lotusroot for 48 h, and the cell
viabilitieswer e deter mined by measuring thedye uptake
intothecellsasdescribed in thetext. Resultswer eexpressed
astheabsorbanceat 540 nm. Valuesar ethe mean + SE (*P

<0.05,n =6)
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Figure2: Concentration-dependent effect of thejoint part
extract on thecell viability. HCT 116 cellswere exposed to
different concentrations of the aqueous extr act prepared
fromthejoint part of lotusroot for 48 h, and thedyeuptake
intothe cellswasthen determined asdescribed in thetext.
Resultswereexpressed asthecell viability. Valuesarethe
mean + SE (n=6, *P<0.05).
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Ingenerd, the cytotoxic effects of various chemi-
calsand natural substanceshave previously been re-
ported to be mostly connected with the oxidative dam-
agetothecells, and henceit seemed possibleto as-
sume that oxidative stress and reactive oxygen spe-
cies might be connected with the toxic effect of the
lotusroot extract on HCT116 cellsobserved here. To
verify thisassumption, the reducing effect of thejoint
part extract onthe cell viability wasassessed againin
the presence of hydroperoxide scavengers, and the
reduction of thecell viability caused by thejoint part
extract wasinhibited by adding GSH (Figure 3), and
other different-type scavengers, such ascatalase and
NAC, aso completely inhibited the cell death caused
by the extract (datanot shown). Next, the question of
whether thejoint part extract might be ableto gener-

*
* * I
None Extract 1 3 6

+ GSH (mM)

Figure3: Effect of antioxidant on thejoint part extract-in-
duced damageto cancer cells. HCT116 cellswere exposed
t010% of theaqueousextract prepared fromthejoint part of
lotusroot for 48 hinthe presenceof different concentrations
of GSH, and cell viability wasdeter mined asdescribed in the
text. Valuesarethe mean + SE (*P<0.05, n=6).
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Polyphenolic compoundsin various vegetables,
fruits and herbs have previously been reported to
cause the damage to various human cancer cells, re-
sulting in the growth suppression and/or the cell
deathl>*, Sincethejoint part extract was moretoxic
to human colorectal cancer cellsas compared with
theedible part extract, the concentrationsof total phe-
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ate hydrogen peroxideduring theexposuretothecells
was addressed. As shown in Figure4, the concentra-
tion of hydrogen peroxidein the culture medium was
Increasing in aconcentration-dependent manner, and
the substantial amount of hydrogen peroxidewas gen-
erated even by incubating the extract in the culture
medium without the cells. Therefore, it seemed rea-
sonableto consider that cytotoxic effect of thejoint
part extract might be closely connected with the oxi-
dative damageto the cellsthrough the generation of
hydrogen peroxide, thusproposing the possibility that
some substances, such as polyphenolic compounds,
contained in thejoint part extract was capabl e of di-
rectly acting on cancer cellsasapro-oxidant, which
might beresponsiblefor the toxic effect of thejoint

part extract observed here.
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Figure4: Liberation of hydrogen per oxidefromtheaqueous
extract prepared fromthejoint part of lotusroot. Various
concentrationsof thejoint part extract weremaintained for 1
hin theculturemedium with or without HCT 116 cells, and
theamount of hydr ogen per oxidein themedium wasdeter -
mined asdescribed in thetext. Values are the mean + SE
(*P<0.05, n=6).

nolic compounds contained in these extractswerethen
determined to answer the question of whether polyphe-
nol compoundsin these extracts might berelated to
their toxic effectson HCT116 cells. Asshownin Fig-
ure5A, the concentrations of total polyphenolic com-
poundsin the extracts prepared from the joint and

———————, Natural Products
A Tndian ﬁamml



244

Extract of lotus root causes necrotic damage to human colorectal cancer cells

NPAIJ, 7(5), 2011

Full Paper ce—

edible partswere 760 and 335 pg/mL, respectively,
and the polyphenol concentrationinthejoint part ex-
tract was actually shown to be approximately 2.3-
fold higher than that in the edible part extract. Asan
dternativeestimation of polyphenolic compoundscon-
tained in these extracts, the contents of tannininthe
extractswere determined using the classic oxidation-
reductiontitration method, and the obviousdifference
in total polyphenol contents between the joint and
edible part extractswas confirmed (Figure 5B). These
results suggested that polyphenolic compounds con-
tained inthejoint part extract might beresponsiblefor
itstoxic effect on human colorectal cancer cells.
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Figure5: Total polyphenolic compoundscontained in the
aqueousextractsprepared from thejoint and edible partsof
lotusroot. Thecontentsof total polyphenols[A] and tannin
[B] in thejoint and edible part extracts werethen deter-
mined asdescribed in thetext. Valuesarethe mean + SE
(*P<0.05, n=6).

Polyphenolic compounds contai ned in vegetables
and medicinal plantsare known to show not only an
anti-oxidant but also apro-oxidant effect, depending
uponthe conditionsinteracting with thecd 157831, Also,
these compounds have been shown to causethe cell
death through their pro-oxidant actions, thereby exert-
ing their toxic effects on cancer cellg>%, Moreover,
various kinds of polyphenolic compounds, such as
kaempferol, procyanidinsand catechins, haverecently
been shown to be contained inlotus|eaves, seedpods
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and root!*+1532, Taking these previousfindingsinto con-
Sderation, it seemsreasonableto consider that polyphe-
nolic compoundsinthejoint part extract may beacting
asapro-oxidant during the exposure periods, thereby
caus ng thetoxic damageto cancer cellsunder the con-
ditionsusedinthiswork.

The cytotoxic effect of the joint part extract on
HCT116 cellswas characterized by andyzingthecdls
stained with both Pl and annexinV-FITC using aflow
cytometric technique. Asshownin Figure6A, anin-
creaseinthepopulationsof thecellspositively stained
with Pl was observed by exposing them to thejoint
part extract for 24 h, but notablechangeinthecel popu-
lations stained with annexin V was not detected. Both
Pl-positiveand annexin V-negative cellsappeared at 3
h after exposingthe cellsto thejoint part extract (data
not shown). Furthermore, thefluorostaining of thecells
with Pl and acridine orange showed that chromatin
condensation, atypica marker of apoptotic cell dam-
age, was scarcely observed in the nuclei of thecells
exposed tothejoint part extract (datanot shown). These
results strongly suggested that the cytotoxic effect of
thejoint part extract observed here might be necrotic
rather than apoptotic. Then, theleakageof LDH from
the cells exposed to thejoint part extract was deter-
mined asan additional marker of thenecrotic cell dam-
age, andthejoint part extract caused the LDH leakage
fromthecdlsinto the culturemedium, and morethana
half of thecellular enzymewasshowntoleak out of the
cellsby theextract at the concentration of 10% (Figure
6B). Thus, it seems reasonable to conclude that the
agueousextract of thejoint part of lotusroot may cause
the necrotic rather than apoptotic damageto thecells,
and suggest that apotentia activity of thejoint part ex-
tract to cause the necrotic cell damage could be di-
rectly responsible for its cytotoxic effect on human
colorectal cancer cells. On the other hand, the pro-
oxidantsaregenerdly cons dered to causethe gpoptotic
cell damage as aconsequence of generating hydrogen
peroxide, but the observations presented here sug-
gest that the generation of hydrogen peroxide from
thejoint part extract may cause the necrotic damage
tothecells, whichiscontradictory to thegeneral con-
cept of pro-oxidant action. However, therecent study
has shown that marine toxin may cause thetoxic ef-
fect on human colorecta cancer Caco-2 cellswithout
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the consistently detectable expression of both
apoptotic and necrotic markerd®. Therefore, it seems
still necessary to more precisely investigate the char-
acteristics of the necrotic cell damage caused by the
joint part extract of lotusroot.
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Figure6: Characteristicsof thejoint part extract-induced
damageto cancer cells. HCT116 cellswereexposed to 10%
of the aqueous extract prepared from thejoint part of the
rhizomefor 24 h, and theflow cytometric analysis[A] and
L DH assay [B] werethen carried out asdescribed inthetext.
Valuesarethemean + SE (n=6, *P<0.05).
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Polyphenolic compounds are generally known to
reved their pro-oxidant activitieswhenthey are present
withthehigh concentrationsof trandtion metalsand when
interacting with the cellular components, such asper-
oxidases, thiols, and surface receptorg®®. However,
the present study indicated that acons derableamount
of hydrogen peroxidewas generated by incubating the
joint part extract with or without the cellsinthe culture
medium. Therefore, it seemsunlikely that theinterac-
tion of polyphenolscontained in thejoint part extract
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with the cellular components may beessentia for the
generation of hydrogen peroxideinthecdll culture, but
seems possi ble that some constituents of the culture
medium may beinvolved intheliberation of hydrogen
peroxidefromthejoint part extract. Onthe other hand,
the contents of catechinsin thelotusroot and itsknot
have previously been shown to be 0.0025% and
0.011%, respectively™, thusindicating that the cat-
echin contentsinthejoint part of lotusroot is higher
than that inthe edible part. In agreement with thispre-
viousfinding, weindicated in thiswork that thejoint
part of lotus root might contain larger quantities of
phytochemical sascompared with the edible part, and
thereforethejoint part isconsidered to be more attrac-
tive asthe objective of our research to usetheir bio-
logicd activitiesfor preventing variousdiseasesinclud-
ing cancers. However, the effective substances con-
tained inthejoint part extract arestill unidentified, and
the mechanism underlying the cytotoxic effect of the
joint part extract is poorly understood, and hence seems
necessary to befurther investigated. Moreover, thein
vitro cytotoxic effects of phytochemicalsarenot al-
ways relevant as a positive index of the in vivo
carcinostatic action (25), and therefore proposing here
theinvivo additional experimentsto confirm theanti-
cancer activity of the extract prepared from thejoint
part of lotusroot.

CONCLUSION

The present study proposesthe possibility that the
aqueous extract of lotus root may be ableto prevent
the growth of colorecta cancers asaconsequence of
inducing the necrotic damageto cancer cellsthrough
the pro-oxidant action. Practically, biologicaly active
substances extracted from lotusroot havenot yet been
identified, but it ssemsmost likely that the anti-cancer
activity of lotusroot may be attributed to the pro-oxi-
dant activitiesof polyphenolic compoundscontainedin
thisplant.
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