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ABSTRACT

Houttuynia cordata Thunb. (H.cordata), which isdbplant in Northern Thailand, has a wide rangebidlogical
activities including anti-cancer and anti-inflamroag activities. It consists of several componestEh as
flavonoids, volatile oils and alkaloids. Major negsentatives of flavonol subgroup of flavonoidsfbin H.cordata
are rutin, quercetin, quercitrin, isoquercitrin arftyperin. Despite the fact that flavonoids showiotes beneficial
properties, there are few studies involving isoge&n and rutin. In this study we aimed to invgstie whether
H.cordata extract, isoquercetin and rutin possessi-eeukemic effects through an apoptotic pathwayKi562
human leukemic cells. Using the XTT assay we fabatl H.cordata extract, isoquercetin and rutin iinited
growth of K562 cells with I§ values of 414.35 + 5.78 pg/ml, 71.14 + 4.49 pgand 98.56 + 6.35 pg/ml,
respectively. In microscopic analysis, blebbindgtgya of cell apoptosis was found in cells treatéth isoquercetin
(50 pg/ml) and H.cordata extract (250 and 300 py/atl48 h. Furthermore, H.cordata extract and isetcetin
induced a significant increase in K562 cells de#fihough apoptosis at 12 and 24 h after analyzedflow
cytometry. In conclusion, our finding highlightetiact that H.cordata has anti-leukemic activitya \dpoptotic
induction but certainly much more molecular meckenresearch is needed.

INTRODUCTION

Leukemia is one of the most prevalent diseasessaadnajor cause of death worldwide. The mainstdgukemia
treatments including chemotherapeutic agents, bwareow transplantation and radiation therapy afecéfe in an
improvement of the survival rate and the qualityifef of the patients. However, such treatmentsehia®en shown
many side-effects. Therefore, an alternative treatrfor leukemia must be studied and developed ThE research
on screening and investigating of pharmaceuticéitlankemic compounds in plants for reducing theatment’s
side effects were important and needed [2]. Curptant-derived compounds for leukemia treatmentsdus
clinical including vincristine, vinblastine, camphecin and paclitaxel [3-6].

Houttuynia cordatalrhumb.{.cordatg or Plucao or Pak-Kao-Thong in Thai is a membeahefSaururaceae family
which is a local popular side-dish vegetable mafolynd in the Northern region of Thailand. It is@used as
medical herb according to its wide range of biotagjiactivities including anti-cancer, anti-allergti-viral, anti-
bacterial, anti-oxidant and anti-inflammatory aittes. It composes of major active ingredientshsas flavonoids,
volatile oils and alkaloids [7, 8]. Flavonoids gqrelyphenolic and food-derived compounds which @@minent
components in plant. Guo and Xu (2007) have repaatyield of flavonoids iRl.cordata reached 0.586% [9]. The
major identified flavonoids imH.cordata are rutin, quercetin, quercitrin, isoquercitand hyperin [8]. Previous

2590



Supantitra Chanprasertet al J. Chem. Pharm. Res., 2012, 4(5):2590-2598

studies suggested that flavonoids play an importaetin cancer prevention via reactive oxygen gggseproduction,
inflammatory regulation, cell cycle arrest and giimwhibitory pathways, cell signal transductioritpaays related
to cellular proliferation and apoptosis [8-10]. Pis flavonoids show various beneficial propertilkere are few
studies involving rutin and isoquercetin, the magpresentatives of the flavonol subgroup of flaids.

Apoptosis is a mode of programmed cell death thateicessary to maintain homeostasis during thelafawent
and multicellular organisms. Apoptosis is an enatggendent, controlled type of cell death, chareatd by cell
shrinkage, plasma membrane blebbing, phosphatiilyts€PS) externalization, nuclear condensatiomorciatin
aggregation, DNA fragmentation and formation of atotic bodies. Apoptosis can be triggered by twgoma
mechanisms including the extrinsic pathway assediatith stimulation of extrinsic signals to surfaaeeptors
including CD95/Fas, tumor necrosis factor (TNF) alehth receptors (DRs) and the intrinsic pathwagplinng
mitochondrial dysfunction and formation of a pomeniitochondrial membrane called the PermeabilitgniBition
pore (PT pore). The release of cytochrome C froemtitochondria is a particularly important eventhie induction
of apoptosis [11, 12]. Problems with the regulatad apoptosis have been implicated in a numbedisdéases
including cancer. Recently, we demonstrated thelamkemic activity ofH.cordataextract in Jurkat and U937
leukemic cell lines[13]. However, the molecular ma&cisms underlying apoptotic induction Hycordataextract
are still unclear. In this study, we first invegtied the effects df..cordataextract, isoquercetin and rutin in terms
of cytotoxicity and apoptotic induction on the K56@man leukemic cell line.

EXPERIMENTAL SECTION

Chemicals

Aluminium chloride (AICE), In Vitro Toxicology assay kit, XTT Based (TOX2), VincristinRutin and Isoquercetin
were purchased from Sigma-Aldrich (St. Louis, MCBA). RPMI Medium 1640, Fetal bovine serum, L-gluiae)
Penicilin/streptomycin and Apoptosis Kit (VYBANT AFPTOSIS ASSAY KIT) were purchased from GIBED
Invitrogen (Grand Island, NY, USA).Dimethyl sulphd& (DMSO), Ethyl alcohol, Sodium nitrite (NaNOand
Sodium hydroxide (NaOH) were obtained from MERCke(@any)

Plant materials

Houttuynia cordatalrhunb. used in this study was collected from Laompprovince, in the Northern Thailand, and
then was identified and confirmed its authentidifythe Plants of Thailand research unit, Departneérotany,
Faculty of Sciences, Chulalongkorn University, Baslg Thailand.

Preparation of ethanolic extract and flavonoid stadards

The stem and leaf dfi.cordatawas cleaned and air-dried at room temperature, itheubator-dried at 45 for 3
days. The driedH.cordatawas extracted with 95% ethanol for 3 days at roemperature. Then the extract was
filtered and concentrated by using rotary evaporat®5 C and lyophilized to dry.

Percent yield was calculated from the formula:

% yield = Weight of lyophilized extract 100
Weight of dried tdordata

The lyophilizedH.cordata extract and flavonoid standards (Rutin, Isoquénietere dissolved in DMSO and
diluted in RPMI Medium 1640, where the concentnatad DMSO did not exceed 0.1% in culture to giveafi
concentration of 5 mg/ml fdd.cordataextract and 1 mg/ml for isoquercetin and rutin.

Total flavonoid content assay

Total flavonoid content irH.cordata extract was determined using aluminium chloridéocoetric assay as
previously described by our group [13]. Rutin waedi as standard at concentrations of (0, 7.81262%531.25,
62.5, 125, 250, 500, and 1,0p@/ml). Total flavonoid content dfl.cordata extract was expressed as mg Rutin
equivalents (RE)/g of dried H.cordata material.

Cell culture

Human erythromyeloblastoid leukemia cell line (K56@CL-243) were cultured in RPMI Medium 1640
supplemented with 10% heat-inactivated fetal boweeim, 100 U/ml penicillin and 1Q@/ml streptomycin. The
cultures were maintained in a humidified incubatith 5% CQat 37°'C. Cells in logarithmic growth phase were
used for further experiments.
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Cytotoxicity effect with XTT-based colorimetric assay

The cytotoxic effects of H.cordata extract, isogedéin and rutin on K562 cells were determined bngisXTT-
based colorimetric assay as described by Jaturatvedt[13]. Briefly, K562 cells were prepared at a centration
of 5.0 x 10 cells/ml and seeded 9@/well into 96 well plate. Serial concentration Hfcordata extracts and
flavonoid standard as rutin and isoquercetin wemdiad onto culture wells at a volume of uldwell. Vincristine
and RPMI medium 1640 with 0.1% DMSO were used astipe control and negative control, respectivélfter
48 hours incubation with 5% G@t 37 C in a humidified incubator, cells were determirfed cytotoxicity with
TOX2 by adding 2Qul/well and incubated for 4 hours. The absorbance maasured by using an ELISA plate
reader at 450 nm with a reference wavelength ofr680 Data is represented as percent of cell viglil formula:

% cell viability = Mean absorbarngdest wells X 100

Mean absorbance in control we

The average cell viability obtained from triplicateterminations at each concentration was ploted aose
response graph. The 50% inhibition {{fCof the active substances was determined as thestoconcentration that
reduced cell growth by 50% in treated compareditoeated culture.

Cytotoxicity effect with microscopic analysis

K562 cells were prepared at a concentration ok1L0 cells/ml and seeded 9@@well into 24 —well plates. Serial
concentrations dfl.cordataextract, Rutin and Isoquercetin standards weréeppnto culture wells at a volume of
100 pl/well. Vincristine 10 ng/ml and RPMI medium 1646th 0.1% DMSO were used as positive and negative
controls, respectively. After 24 and 48 hours bration in a humidified incubator with 5% G&x 37 C, cells were
assayed for cytotoxicity with an inverted light miscope compared to untreated cultures.

Flow cytometry analysis of apoptosis

K562 cells were prepared at a concentration ofx110 cells/well and cultured in 6-well plates and treateth
fresh medium containingl.cordata extract at final concentration of 25%@/ml, Rutin and Isoquercetin at final
concentration of 5Qug/ml. Vincristine 1 ng/ml and RPMI medium 1640 wiitl% DMSO were used as positive
and negative controls, respectively. Cultured aglise incubated for 12 and 24 hours in a humidifiretibator with
5% CQat 37C. Approximately 1x1®cells were analyzed for annexin-V binding usingnéxin V- Alexa488
and propidium iodide (PI). Data were analyzed byiS&alibur flow cytometer (Becton Dickinson, USA).

Statistical analysis
Numerical results were evaluated statically exprésas mean + SEM. and evaluated using one-way siaaby
variance (ANOVA). p-value < 0.05 was considered statistically sigatfic

RESULTS

Yield extracts and total flavonoid ofH.cordata
In order to determine percentage yield, the dried.cordatawas extracted with 95% ethanol and percentage yiel
was 10.28%. Total flavonoid contentldfcordataextract is 258.12+8.78 mg RE/g drieldcordata

Effects ofH.cordata extract, Isoquercetin and Rutin on cell viability

The cytotoxicity of theH.cordataextract, isoquercetin and rutin were assesseldeasa| viability. K562 cells were
treated withH.cordata extract and 2 flavonols at various concentratiorfter incubation, cell viability was
determined using the XTT assay as shown the resuigjure 1. The concentration required for inhiig growth
by 50% (1Gg) for 48 h on K562 cells was 414.35 + 5.78 pg/mitb€ordata extract, 71.14 + 4.49 pg/ml of
isoquercetin and 98.56 + 6.35 pg/ml of rutin, resipely. The data of cytotoxicity effect experintemave shown
thatH.cordataextract and the 2 flavonols can inhibit leuken®tl growth. Rutin compared with isoquercetin a th
same concentration was less cytotoxic to K562 cells
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Figure 1. Effects of ethanolicH.cordata extract, isoquercetin and rutin on K562 cells; (aH.cordata extract, (b) isoquercetin and rutin

Cytotoxicity effects ofH.cordata extract, Isoquercetin and Rutin with microscopic analysis

After incubation of K562 cells withl.cordataextract (250 and 300 pg/ml), isoquercetin anchr(8D pg/ml) for 24
and 48 h, microscopic analysis showed the blebpattern of cell apoptosis in isoquercetin &hdordataextract
(250 and 300 pg/ml) at 48 h as shown in Figuraggjesting that cytotoxicity of isoquercetin ddatordataextract
might involve the apoptosis process. Moreo#é&52 cell contents treated witth.cordataextract, isoquercetin and
rutin at 48 h were significantly lower than negatieontrol, which mean.cordataextract and the flavonols can
inhibit cell growth with similar results with theTq assay as described above.
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Figure 2.Cytotoxic effects ofH.cordata extract, isoquercetin and rutin on K562 cells by ritroscopic analysis;
(a) Negative control, (b) Positive control, (c) Isguercetin, (d) Rutin, (e)H.cordata extract 250 pg/ml, (f)
H.cordata extract 300 ug/ml after 24 and 48 hours treated de.

Effect of H.cordata extract, rutin and isoquercetin with flow cytometry analysis

In order to confirm the finding of apoptosis in miscopic analysis, we determined the effects oSphatidylserine
on the cell surface after incubation of K562 celith H.cordataextract (250 pg/ml), rutin and isoquercetin (50
pg/ml) for 12 and 24 h. Cells were stained withn@xin V- Alexa488 (AnxV) and propidium iodide (Pand
apoptotic cells were determine by flow cytomethg frequency of early apoptosis (Anx V-/Pl+) ani lapoptosis
(Anx V+/PI+) cells is indicated by numbers in tberresponding quadrantdd.cordataextract and isoquercetin
induced a significant increase in K562 cells deatbugh apoptosis at 12 and 24 h as shown in Figunmed Figure
4,
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Figure 3. Apoptosis of K562 cells under effect dfi.cordata extract, isoquercetin and rutin by flow cytometry;
(A) Negative control, (B) Positive control, (C) Isquercetin, (D) Rutin, (E) H.cordata extract 250 pg/ml, (F)
H.cordata extract 300 ug/ml after 12 and 24 hours treated de.
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Figure 4. Apoptosis of K562 cells under the effeaf H.cordata extract, isoquercetin and rutin by flow
cytometry. Cell death is shown as percentage of ttapoptotic cells (early apoptosis; Anx V-/Pl+ andate
apoptosis; Anx V+/Pl+). Negative cells were treatedells with 0.1% DMSO and positive control for apoposis
were 10 ng/ml vincristine treated cells. p< 0.05; significance compared with negative contio

DISCUSSION AND CONCLUSION

Previously, we have demonstrated that total flaidmfrom ethanolic extract df.cordatawere higher than water
extract and can reduce the TNFsecretion in Jurkat and U937 cells [13]. In présstndy, we investigated the
molecular mechanism d¢i.cordataextract, isoquercetin and rutin on apoptotic indacin K562 cells. We found
that H.cordataextract, isoquercetin and rutin could substantiallyuce apoptosis in K562 cells by microscopic
analysis. Late apoptotic cell exhibited cytoplasiiebbing and irregularity in shape apoptotic lesdis shown in
Figure 2. Apoptotic death cells were characterizgataining with annexin V and Pl and were analyzedarly
apoptosis (Annx V+/PI-) and late apoptosis (Ann¥RH), our results once again confirmed the efééd¢d.cordata
extract isoquercetin and rutin on apoptotic inductioikKB62 leukemic cell as shown in Figure 3.  Selsiadies,
Changet al (2001) demonstrated thhkcordataextract could inhibit 5 leukemic cells; U937, K5@2aji, P3HR1
and L1210 cells (16 between 478 pg/ml to 662 pg/ml but is well toledaby healthy human cell &> 1,000
pg/ml) but the molecular mechanismstbfcordata extract induced cell death remained unclear[14hglet al
(2009) have reported that 50% ethanol extradt @brdataincreased ROS production and loss of mitochondrial
membrane potential (MMP) in human colon adenocaroim HT-29 cells (Iggwas 435 pg/ml).H.cordataextract
caused the release of cytochrome C, Apaf-1, prpases9 and AlF from mitochondria in treated HT-28c They
suggest that 450 pug/ml bf.cordataextract may induce apoptosis in HT-29 cells throagnitochondria-dependent
pathway [15]. In addition, recently report investigd the anticancer effect Hfcordataextract and the associated
molecular mechanism in human primary colorectakeammnd found thatl.cordataextract induction of apoptosis
through mitochondria-dependent apoptotic signapathway. The decrease in the level of MMP was aatat
with a decrease in the ratio of Bax/Bcl-2 and ledattivation of caspased-9 and caspased-3 [16F pHssible
molecular signaling pathway of cell death in resg®toH.cordata,isoquercetin and rutin flavonoids may be via
intrinsic pathway. Nevertheless, intrinsic andriesic pathways or autophagy-associated cell dpathway still
need further study to identify in deep.

In conclusion, our results demonstrated that tharedlic extract oH.cordata,isoquercetin and rutin flavonoids
have anti-leukemic activity and could inhibit lenkie cell growth by induction of apoptosis aHccordatamay be
useful in anti-leukemic therapy in the future.
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