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ABSTRACT

Leukemia is a hematopoietic cancer and the treatment has many side effects. For this reason,
herbal therapy is an alternative to reduce the side effects. Plucao or Houttuynia cordata Thunb.,
a local plant in Northern Thailand, has many biological activities including anti-cancer, anti-
leukemic, anti-microbial, anti-oxidant, anti-inflammatory and immunomodulatory effects. The
active components in Plucao are alkaloids and flavonoids. In this study, we extracted Plucao by
distilled deionized water and alcohol and found that H.cordata ethanolic extract had total
flavonoid content more than H.cordata water extract. Total flavonoid of H.cordata ethanolic
extract was 224.90#2.80 mg QE/g dried H.cordata while total flavonoid of H.cordata water
extract was 130.79244.89 mg QE/g dried H.cordata. Moreover, H.cordata extracts could inhibit
the proliferation of either Jurkat or U937 leukemic cell lines. The half maximal inhibitory
concentration (ICsp) values of H.cordata extracts were between 403.3 to 445.1 1g/ml and 386.2
to 416.4 pg/ml, respectively. In addition, our cytokine study found that H.cordata extract
especially H.cordata ethanolic extract substantially reduced the Tumor Necrosis Factor-alpha
(TNF-a). Therefore, these finding highlight the fact that H.cordata has anti-leukemic activity
and suggest its use as an alternative medicinal plant in the treatment of leukemia.
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INTRODUCTION

Leukemia is a common hematopoietic cancer worldwiclearacterized by abnormal
proliferation, differentiation and overproductiohwhite blood cells and their precursorsZL-
The treatment of leukemia includes several metlmd$ as chemotherapy, radiotherapy and
bone marrow or stem cell transplantation, for tiueppse of improving the survival rate and
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preventing remission and relapse of leukemia. Hawnethere are many side-effects such as
headache, nausea, vomiting and weight-loss akatrirent. As a result, herbal therapy is an
alternative method of leukemia treatment which ceduside effects.

Houttuynia cordata thunb. is a local plant in Northern Thailand whibhs vary biological
activities including anti-cancer, anti-leukemic,tiamicrobial, anti-oxidant, anti-inflammatory
and immunomodulatory effects [3-5]. It consistsselveral components such as alkaloids and
flavonoids [6-7]. Flavonoids are polyphenolic corapds in plant that have biological activities
such as carcinogen inactivation, antiproliferati@ell cycle arrest, induction of apoptosis,
inhibition of angiogenesis and antioxidation, résgl in anti-cancer and anti-leukemic
properties [83]. Major flavonoid components that found khcordata are quercetin, quercitrin
and hyperin [4].

Cytokines are small proteins that involve in thenocaunication and interaction between cells,
which include immunomodulatory effects and contbhematopoiesis. Tumor Necrosis Factor-
alpha (TNFe) is an inflammatory cytokine associated with saldéruman diseases including
leukemia. Osteket al., demonstrated that TNé-can induce colony stimulating factor (CSF)
production by endothelial cells and may provideaaaprine loop to support leukemia growth
[10].

In present study, we attempt to examine the cytotiyx effects of H.cordata extracts in
leukemic cell lines. And we also explokecordata extracts effects in reducing the TNF-
production.

EXPERIMENTAL SECTION

Chemicals

Vincristine, In Vitro Toxicology assay kit, XTT Based (TOX2) and aluraimi chloride (AIC})
were purchased from Sigma-Aldrich (St. louis, MC§A). RPMI-1640, fetal bovine serum
(FBS) and L-glutamine were obtained from GIB®Onvitrogen (Grand Island, NY, USA).
Penicillin was purchased from E.R. SQUIBB & SONSCIN(Princeton, NJ, USA) and
Streptomycin was obtained from General Drugs Hotme Itd. (Bangkok, Thailand)Ethyl
alcohol, sodium nitrite (NaN£) and sodium hydroxide (NaOH) were purchased froERZK
(Germany).

Plant material

Houttuynia cordata Thunb. was collected from Lamphun province, innbethern Thailand. Its
authenticity was identified and confirmed by PlaotsThailand research unit, Department of
Botany, Faculty of Sciences, Chulalongkorn Univgrdangkok.

Preparation of extracts

H.cordata Thunb. was cleaned and air-dried in room tempegathen incubator-dried at 45
for 3 days. The dried oH.cordata Thunb. was extracted with 95% ethanol for 3 daysam
temperature[1] and subsequently extracted withodezed distilled water for 5 hours at 1D
[11]. Then the extract was filtered and concentralg using rotary evaporator at°45 and
lyophilized to dry.

Percent yield was calculated from formula:
% yield = _weight of Iyophilized extragt100
weight of dried ldordata
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The lyophilizedH.cordata extracts were dissolved with RPMI-1640 to giveaficoncentration
of 5 mg/ml.

Total flavonoid content assay

Total flavonoid content was measured by aluminidmiorede colorimetric assay as described by
Kim et al.(2003) [12-13]. 1ml of 500Qg/ml H.cordata extracts or standard Quercetin solution
(7.8125-100Qug/ml) was added to 4 ml distilled deionized wated ghe 0.3 ml of 5% NaN©O
was added to the solution. Then, after 5 min.,OL®f 5% AICkL was added. Next, at 6 min, 2
ml of 1M NaOH and 2.4 ml of distilled deionized watwere added and the solution was
thoroughly mixed. Afterwards the absorbance of nigture was measured at 510 nm versus
prepared water as a blank. Total flavonoidHafordata extracts were expressed as mg quercetin
equivalents (QE)/g of dried.cordata material.

Cel culture

Human T cell leukemia (Jurkat, TIB-152) and humaonotytic leukemia (U937, CRL-1593)
cells were cultured in RPMI-1640 supplemented witt®6 FBS, 1% L-glutamine and 1%
Penicillin-Streptomycin (finally concentration of0Q units/ml penicillin and 100ug/mi
streptomycin). The cultures were maintained inaidglified incubator with 5% Cgat 37C.

Cytotoxicity effect with XTT-based colorimetric assay

All leukemic cell lines were prepared at a concatiin of 5.0 x 10 cells/ml and seeded 90
pl/well into 96-well plates. Serial concentrations aoude extracts were applied onto culture
wells at a volume of 1Ql/well. Vincristine and RPMI-1640 were used as pesiand negative
controls. After 2 days incubation with a humidityn@sphere containing 5% G@t 37C, cells
were determined for cytotoxicity with TOX2 by addir20 pl/well and were incubated for 4
hours. The absorbance was measured by using arAFllé$e reader at 450 nm with a reference
wavelength of 690 nm. Data were calculated as peroé cell viability by the following
formula:

% cell viability = Mean absorbance in test wellsx 100
Mean absorbance in control wells

The average cell viability obtained from triplicatieterminations at each concentration was
plotted as a dose response graph. The 50% inmibitmncentration (1) of the active
substances was determined as the lowest concentrdtat reduced cell growth by 50% in
treated compared to untreated culture.

Cytotoxicity effect with microscopic analysis

All leukemic cell lines were prepared in concentratof 5.0 x 18 cells/ml and seeded 90
pl/well into 96-well plates. Serial concentrations aoude extracts were applied onto culture
wells at a volume of 1Ql/well. Vincristine and RPMI-1640 were used as pesiand negative
controls. After 2 days incubation with a humidityn@sphere containing 5% G@t 37C, cells
were determined for cytotoxicity with inverted noscope compared to untreated cultures.

Enzyme-linked immunosor bent assay (EL1SA) for cytokine assa

All leukemic cell lines were prepared in concentratof 5.0 x 10 cells/ml and seeded onto 6-
well plate at a concentration of 5.0 x>1@lls/ml. U937 cells were differentiated to madrage-
like cells by treating with phorbol myristate adetéPMA) 10ug/ml for 24 hours. Macrophage-
liked U937 and Jurkat were treated whilcordata extracts for 6 hours then treated Jurkat was
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stimulated with 12.5 ng/ml of PMA and 250 ng/mIRHA for 24 hours to determine TNi-
levels. Also, treated U937 was stimulated withdg{ml of LPS for 6 hours to determine TN¥F-
levels. The supernatants were collected and mehdarecommercially available ELISA kits
(R&D Systems, Minneapolis, MN).

Statistical analysis

Numerical results are presented as m&kM. Student's-test was used to compare two groups
while multiple groups were compared by one-way ysialof variance (ANOVA). p-value <
0.05 was considered statistically significant.

RESULTS

Yield of H.cordata extracts

In order to determine percentage yield, the driéd l.cordata Thunb. was extracted with
deionized distilled water and 95% ethanBkrcentage yield of.cordata water extract and
ethanolic extract are 14.1% and 14.28%, respegtielble 1).

Table 1. Percent yield and total flavonoid content in H.cordata extract (n=3)

H.cordata extract %yield Total flavonoid (mg QE/Q)
Water extract 141 130.7%4.89
Ethanolic extract  14.28 224.9&2.80

Deter mination of total flavonoid of H.cordata

Total flavonoids content of ordata water extract is 130.724.89 mg QE/g driedH.cordata
and ethanolic extract is 2248080 mg QE/g dried ldordata (Table 1). Total flavonoid content
of water extract has significantly lower than etblamextract p < 0.05) which means ethanol
can extract the flavonoid component fréhtordata better than water.

Cytotoxicity effect of H.cordata extracts cell viability

After incubation of leukemic cell lines (Jurkat abi®37) with H.cordata extracts in various
concentrations. The cytotoxicity éf.cordata extract and three flavonoids were determined and
showed in Table 2. Kgvalues of water extract was higher than that baeolic extract. The
cytotoxicity in Jurkat cells was higher than U933l as shown in Figure 1 and Figure 2. The
data of cytotoxicity effect experiments have shothat H.cordata extract can induce the
apoptosis of both Jurkat and U937 cell lines sutyggghat its alkaloids and flavonoids play a
critical role in program cell death induction olukemic cells. Several previous studied had
reported that the alkaloids and flavonoids havees#vactivities such as blocking the tyrosine
phosphorylation [14], arresting the cells in laté @ase [15-16], inducing of caspase-3 activity
and inducing the release of cytochrome C to adtimabf caspase-9 [17], inhibiting DNA
topoisomerase | [18] and inducing the expressioG@95 to induced apoptosis [19].

Table 2. 1Cs values (pg/ml) of crude extracts of H.cordata on Jurkat and U937 cells (n=3)

ICsc (Mg/ml) (MearrSEM)
Jurkat U937
Ethanolic extract ~ 403.3@:5.35 386.2(5.28
Water extract 445.,16.49 416.486.78
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Figure 1. Effect of H.cordata extractson Jurkat. Treated Jurkat with various concentrations of H.cordata
extracts. (n=3) (A) H.cordata water extract and (B) H.cordata ethanolic extract
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Figure 2. Effect of H.cordata extracts and flavonoids on U937. Treated U937 with various concentr ations of
H.cordata extracts. (n=3) (A) H.cordata water extract and (B) H.cordata ethanolic extract

A. H.cordata water extract BH.cordata ethanolic extract
100 100
80 1 80
2 2
= 60 S 60
Q Q
a a
2 2
% 401 S w0
X X
20 20
0 : ‘ ; ; . . 0 . ; . . ; .
15625 3125 625 125 250 500 15625 3125 625 125 250 500
concentration (ug/ml) concentration (ug/ml)

Figure 3. Cytotoxicity effect of H.cordata extracts on Jurkat cells by Microscopic analysis. Treated Jurkat

cellswith 100 pg/ml and 500 pg/ml. A. Negative control, B. Positive control, C. 100 ug/ml H.cordata water

extract, D. 500 pg/ml H.cordata water extract, E. 100 pg/ml H.cordata ethanolic extract and F. 500 pg/ml
H.cordata ethanolic extract.

B. Positive control

A. Negative control
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C. 100pg/ml H.cordata water extract D. 500g/ml H.cordata water extract

E. 100pg/ml H.cordata ethanolic extract  F. 500g/ml H.cordata ethanolic extract

Figure 4. Cytotoxicity effect of H.cordata extracts on U937 by Microscopic analysis. Treated U937 cellswith
100 pg/ml and 500 pg/ml. A. Negative control, B. Positive control, C. 100 pug/ml H.cordata water extract, D.
500 pg/ml H.cordata water extract, E. 100 pg/ml H.cordata ethanolic extract and F. 500 pg/ml H.cordata
ethanolic extract.

B. Positive control

A. Negative control

C. 100pg/ml H.cordata water extract D. 50Qg/ml H.cordata water extract
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E. 100ug/ml H.cordata ethanolic extract  F. 500g/ml H.cordata ethanolic extract

Cytotoxicity effect of H.cordata extracts by microscopic analysis

After incubation of leukemic cell lines (Jurkat ad@37) withH.cordata extracts in 100 and 500
pg/ml. Jurkat cell contents in 50@y/ml are lower than 10@ig/ml in Figure 3 and 4, which
meangH.cordata extract can induce the apoptosis of both Jurkdtd®B7 cell lines with similar
results with the XTT assay.

Effect of H.cordata extracts on TNF-a production

The cytokine productions of Jurkat and U937 ceksaendetermined by ELISA and illustrated in
Figure 5. As shown in Table Bj.cordata ethanolic extract can reduce the stimulated TNF-
production in Jurkat and U937 cells. The data slsowcordata ethanolic extract can
substantially reduce the level of TNFsuggesting thall.cordata ethanolic extract is a potent
anti-leukemic agent. The TNér-expression of Jurkat cells was regulated byd8Fand AP-1
from the MAPK pathway [20-21] and by NEB activation in U937 cells [22]. That means
H.cordata ethanolic extract can reduce the ThiFsecretion by blocking the tyrosine kinase in
the MAPK pathway and blocking the phosphorylatiériki to prevent the N&B dissociation
from IkB.

Figure 5. Effect of H.cordata extracts on TNF-a production by ELISA (n=3).
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Table 3. Effect of H.cordata extractson TNF-a production by ELISA (n=3)

TNF-a (pg/ml)(M ean+SEM)

Jurkat U937
Negative control 20.76:2.02 513.738.25
Positive control 107.8325.39 1531.2286.86
Water extract 35Qg/ml 88.5%22.66  1477.7477.80

Ethanolic extract 35Qg/ml  35.2&7.72* 964.9360.41*
* dtatistically significant at p <0.05

CONCLUSION

From our studyH.cordata has anti-leukemic activity and may be one of aliéwve medicinal
plant for leukemic treatment.
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