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Abstract

Introduction and Objective: This research aimed to screen and evaluate the effects of Thai herbal extracts
in stimulating white blood cells, specifically lymphocytes, to destroy cultured leukemia cells in vitro.

Methods: Herbal extracts were utilized to stimulate peripheral blood mononuclear cells (PBMCs) in the
laboratory for 24 hours. Subsequently, the PBMCs were cultured with K-562 CCL-243™ chronic myelogenous
leukemia cell line labeled with the fluorescent dye Carboxyfluorescein succinimidyl ester (CFSE) for 4—6 hours.
The K-562 CCL-243™ cell line was then stained with propidium iodide (PI) to identify dead cells, and analyzed
using a flow cytometer. The destroyed K-562 CCL-243™ cell line was stained with PI and CFSE, while the viable
cells remained stained only with CFSE.

Results: Testing the activity of 17 herbal extracts on PBMCs from donated blood (3 donors) revealed that
five herbal extracts could significantly stimulate PBMCs to destroy K-562 CCL-243™ cell line compared to un-
stimulated control PBMCs. The effective herbal extracts include HID (pobit, Helicteres isora L. aqueous extract),
CSS (kancha, Cannabis sativa L.), CCF (fresh cinchona, Cinchona ledgeriana Moens.), CCD (dried cinchona), and
AED 1 (philangkasa, Ardisia elliptica Thunb.).

Discussion: The laboratory test results revealed the scientific potential of five out of 17 Thai herbal extracts,
showcasing their capacity to stimulate PBMCs and effectively eradicate cultured cancer cells (K-562 CCL-243™)
in vitro. This valuable insight underscores the promising role of Thai medicinal plants in leukemia treatment, as
confirmed by these laboratory findings.

Conclusion and Recommendation: Future research endeavors should prioritize the identification of ac-
tive constituents and mechanisms underlying the actions of the five herbal extracts to substantiate their efficacy in
cancer cell destruction. Such endeavors hold promise for advancing Thai medicine and fostering the utilization of

Thai medicinal plants in leukemia treatment.

Key words: K-562 CCL-243™ chronic myelogenous leukemia cell line, Helicteres isora L., Cannabis

sativa L., Cinchona ledgeriana Moens., Ardisia elliptica Thunb.
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Table 1 List and details of herbal extracts

Herbal extract Solvent

HID (Uaiin) Distilled water ~ Helicteres isora L.
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CCL-243™

2.3.1 911 PBMCs @& NgH 1 X 10°
cells/ml (31N98 2.1) NINTLGUAILETATIA
dagilns Aensudadusng o §ofl 10 ug/m, 50
ug/ml 4ag 100 ug/ml L& PBMCs laltisdi
37°C, 5%CO, luaa 24 719 @sune Thawen
PBMCs fiemsi$a3au 1,200 rpm 10 w7

2.3.2 11 PBMCs $WNSBENTINtusas
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wzSasindonen K-562 CCL-243™ Adiaaan
FeaII30Iuas CFSE Uad Iudasdan K-562
CCL-243™ ¢l PBMCs winrfu 1:90 v it
e 7 37°C, 5% CO, fiunm 4-6 ks

2.3.3 asunanhraangSudaionan
K-562 CCL-243™ 7 l@snéfasiaadonedaans
158919 Propidium iodide, PI (Sigma Aldrich,
St. Louis, MO, USA) uazasaialaaiaia

Guava®

easyCyte Flow Cytometers (Millipore
Corp, Hayward,CA, USA) I@HL‘EG&N%L’%GLﬁ@
Aona1 K-562 CCL-243™ ihvsnafignvnans
MeALLDNAATFTITILES PI ey CFSE (Laad
Tumwnanesauges Upper Right, UR) d4aad
spiSafiadaeandldgninasasfin® CFSE
Wi (Lae AN A AEDUTRY Lower Right,
LR)

AIUANNANIVOTDY I@EJ negative control
FomadnzSadadonnmnzasdluemnaiaes
waalee lignnsvdules) wag positive control
FowadnzSafiadanrmsAssntuwad
Wiadame1l PBMCs ﬁﬁi%ﬁ%@%&l phytohemag-
glutinin (PHA)

2.4 eaeNaNeana

MY ANANATOLITAR LA LAN A1
PBMGCs fignnazdudsmaariaayulnsaie
9 o TumshauwsduviSadaitanumiy
/A1 K-562 CCL-243™ CCL-243™ st Beividiesn)
fungaiTad PBMCs mueaii iignnavdudae
st Slemzinnaianehoae AR
yaadidleelFlisunss Statistic Package for the
Social Sciences (SPSS) loe/|4afid paired t-test

A o A & o» o
YI9EOUANNITDNUIDLIAE 95 (p < 0.005) I@&mas‘ﬂa

NNEHAMINAROLLEAS 11 Mean + S.D.

NAMIANEY

ma‘m@ﬂaqu%aﬁaﬁ@agﬁmiﬂixﬁmﬁ@
\H902717 PBMCs WvhanumasnvSafaiifen
mammém K-562 CCL-243™ lunaaanensd
VL(?TVl@ﬁauqw%ﬁﬁaﬁ@ﬁgﬂwwiamiﬁwmmsﬁaé
szSafindonuninziaes K-562 CCL-243™
Fovaia aaraa g 17 §N9aie Table 2 LEAS
mam@ﬂaumiaﬁ@mgﬂﬂm%a 17 shatio fienw
dindiueine o 1én 10 ug/ml, 50 pg/ml wag 100
ug/ml Weufugn1zaIuas (control) Aolaaa
PBMCs @n‘]_lQ&I‘ﬁLWWSL%&NiuﬁﬂW’)zLaH’JﬁuLLGﬁ
lignnszdusnumsarinasyulns nanasoumuh
aareaslng 5 snaatie oA snaarieasulne
HID Waiie %éﬁw eNENEES Helicteres isora L. §13
afieni) Aiemsndiadie 50 pg/ml uag 100 pg/ml,
CSS (7Y iy %a‘i‘mmmam% Cannabis sativa L.)
Femandasu 10 ug/ml, 50 ug/ml Lag 100 ug/
ml, CCF (Bslawan 3a3mMenenaas Cinchona
ledgeriana Moens.) ﬁ@m&ll&i’f;ﬁlu 10 ug/ml
W&y 50 ug/ml, CCD (@ala Lwks) fAanaidiadi
50 ug/ml Wag 100 ug/ml, Way AED 1 (WaIman
HeAMENeNaRS Ardisia elliptica Thunb.) Aeal
WHTW 10 ug/ml @N1TONIEMdaLEane19
PBMCs T¥haeiaadneiSomnziaes K-562
CCL-243™ cells Tunaaanaaad beaeadiie
fOYNIIFDG fisziuanadodudayay 95
(paired t-test, p < 0.005) Wafsufuadisio
Bomam PBMCs lusnmymueai lignnasgu

gheansareaamlng
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Table 2 Percentages of K-562 CCL-243™ cells killed upon stimulation with herbal extracts.

Herbal extracts

% K-562 CCL-243™ cells killed (Mean * S.D.)

Control
HID 23.78 £ 3.69
HSF (fresh) 23.78 £ 3.69
HSD (dried) 23.78 £ 3.69
CCF (fresh) 24.75+2.13
CCD (dried) 2475+ 2.13
ATD 01 28.10 £ 5.52
TTF (fresh) 34.24 £5.74
TTD (dried) 34.24 £ 5.74
KPF (fresh) 34.24 £5.74
KPD (dried) 34.24 £5.74
PND 34.24 £ 5.74
Y5RW 34.24 £5.74
CSS 23.78 £ 3.69
RCS 34.24 £ 5.74
PSPW 34.24 £5.74
PSPE 34.24 £5.74
AED 1 28.10 £ 5.52

10 ug/mi 50 ug/ml 100 ug/ml
29.59 + 8.71 38.23 + 5.30* 41.53 + 6.84*
28.19 + 9.70 33.65 + 9.86 40.18 + 5.00
28.53 £ 8.41 33.45 £ 9.81 44.47 + 6.81
33.95+5.14*  38.67 + 6.34* 43.97 +10.29
30.45 + 4.18 37.08 + 4.97* 43.20 + 8.01*
34.68 + 5.83 35.31 £ 5.02 34.40 + 2.06
36.98 + 5.91 36.45 + 1.87 38.32 £ 2.61
37.73+6.39 35.86 + 3.83 35.62 + 1.74
30.71 + 7.24 32.49 + 3.10 35.91 t 2.44
35.96 + 5.81 37.11 + 5.59 37.88+09.77
34.05 + 0.87 34.32 + 3.40 34.34 £ 2.60
39.64 + 7.03 38.12 £ 2.74 35.81  3.83
34.94 + 7.50*  46.85+8.81* 39.33 & 7.73*
39.00 + 8.13 36.51 + 2.84 36.38 * 4.25
36.58 + 5.62 36.17 £ 4.19 34.46 + 2.11
3710+ 4.540  34.46 + 4.88 33.97 + 3.80
38.03 % 1.94*  25.86+5.28 36.49 + 9.24

*Statistically significant at level p < 0.05; Paired t-test

Remark: Experiments were conducted using PBMC samples from three donors in triplicate, and the results are expressed as the

Mean + Standard Deviation.

anafaayulnsiifignanseduiiaidensn
PBMCs lvmanathrmneisadusisadia
ideArImeIass K-562 CCL-243™
Table 3 LLF0K wawmaamw%gaﬁaﬁ@ﬁsgﬂwﬁ
HID Waie %a%i/l eNENES1S Helicteres isora L. 613
afionn), CSS (Kym $o3Menenans Cannabis
sativa L.), CCF (@slennan 393nenenams Cin-
chona ledgeriana Moens.), CCD (%\‘iiﬂm LLﬁd)
Way AED 1 (R&3Msn F03Menenans Ardisia el-
liptica Thunb.) N356udadac213 PBMCs 21N

MENENATGIAZTIY W 3 T aeTas

svSafindannamnuass K-562 CCL-243™ '

Figure 1 WEAINANITYIAELTAR NS
Lﬁmﬁamniwzigm K-562 CCL-243™ 31N
PBMCs a1snsisieamafi 1 neasounsvdudaess
afeaywlng nuInszdusassaraaywlng
HID (1ofla So3venenams Helicteres isora 1.
asafein) Fanemad K-562 CCL-243™ ¢
34.63%, 613611701 CSS (o7 FoAneneaas Can-
nabis sativa L.) ¥nane/l&f 33.77%, sasria CCF
(G?GI@%WET @ %aa‘i/i eNENE®S Cinchona ledgeriana

Moens.) ¥nane lér 31.85%, s9arie CCD (@slain
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WiA9) 37.22% LAz &15a06 AED 1 (R&IMan 78
Anenenaes Ardisia elliptica Thunb.) ¥nane lef
35.06%
‘ﬁdﬁ muqmww@ﬂaﬂ@m negative con-
A I3 c & A X
trol A8 WaaNLLSILHALADAINILAIZLAES K-562
CCL-243™ 579317 PBMCs 140 WNTasasas

loe lsignnszdueamsatnagulng womsene

adnsSafadonIminnsAE 24 37% uag pos-
itive control AawaduzSafiadonmmmsac
K-562 CCL-243™ 533TL PBMCs WasgnnIzei
@18 phytohaemagglutinin (PHA) WL ARNLS
EiaBg K-562 CCOL-243™ NV 48.55%
e wadavSasiaIdonemingiae K-562 CCL-

243™ NRNAIWAN WUNTENE 13.38%

Table 3 Percentages of K-562 CCL-243™ cells killed upon stimulation with herbal extracts in three donors’

PBMCs.

% K-562 CCL-243™ cells killed

Herbal extracts

Control 10 ug/mil 50 ug/mi 100 ug/mi
HID Donor 1 24.31 26.64 32.69 35.03
Donor 2 19.86 22.73 38.75 40.89
Donor 3 27.18 39.39 43.26 48.66
Mean + S.D. 23.78 + 3.69 29.59 +8.71 38.23+5.30* 41.53+6.84*
p-value NA 0.212 0.044* 0.037*
CSS Donor 1 24.31 32.63 44.87 33.99
Donor 2 19.86 28.87 39.20 35.81
Donor 3 27.18 43.33 56.49 48.20
Mean + S.D. 23.78 + 3.69 34.94 + 7.50* 46.85+8.81* 39.33+7.73%
p-value NA 0.047* 0.018* 0.042*
CCF (fresh) Donor 1 23.97 29.76 33.87 37.65
Donor 2 27.16 39.68 45.87 55.85
Donor 3 23.12 32.41 36.28 38.42
Mean £ S.D. 24.75+2.13 33.95+5.14*  38.67 + 6.34* 43.97 +10.29
p-value NA 0.042* 0.032* 0.056
CCD (dried) Donor 1 23.97 25.64 32.04 40.56
Donor 2 27.16 33.19 41.98 52.20
Donor 3 23.12 32.52 37.22 36.84
Mean £ S.D. 24.75+£2.13 30.45 +4.18 37.08+4.97* 43.20+8.01*
p-value NA 0.126 0.029* 0.032*
AED 1 Donor 1 34.04 39.68 31.95 29.32
Donor 2 27.16 38.52 22.54 33.23
Donor 3 23.12 35.90 23.09 46.91
Mean + S.D. 28.10+5.52 38.03 + 1.94* 25.86 + 5.28 36.49 + 9.24
p-value NA 0.045* 0.233 0.419

* Statistically significant at level p < 0.05; Paired t-test

Remark: All experiments were performed in triplicate, and the results are expressed as the mean. NA: Not Applicable.
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(A) The culture of K562 leukemia cell and controls
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(B) The culture of K562 leukemia cells treated with herbal extracts
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Figure 1 Results illustrating the destruction of cultured leukemia cells (K-562 CCL-243™)) following stimulation

with herbal extracts measured by a CFSE-based flow cytometry assay.
(A) The experiment includes both a negative control, where K-562 leukemia cells are cultured in cell

culture medium without stimulation, and a positive control, where K-562 leukemia cells are cultured with
PBMCs stimulated with Phytohaemagglutinin (PHA). K-562 CCL-243™ control were also shown.

(B) The death of cultured leukemia cells (K-562 CCL-243™) following stimulation with herbal extracts.
The dead K-562 CCL-243™ target cells were identified in the Upper right (UR) quadrant, CFSE-positive
and Pl-positive. The live K-562 CCL-243™ target cells were identified as CFSE-positive and Pl-negative,

Lower right (LR). Only the CFSE-positive cells were gated, as shown by no plotted cells in the Lower left

and Upper left quadrant. The data presented are from donor 1 out of 3 independent experiments.
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