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Abstract Chemotherapy can cause multidrug resistance in cancer cells and is 

cytotoxic to normal cells. Discovering natural bioactive compounds that are not 

cytotoxic to normal cells but inhibit proliferation and induce apoptosis in drug-

sensitive and drug-resistant cancer cells could overcome these drawbacks of 

chemotherapy. This study investigated the antiproliferative effects of crude 

extracts of Benchalokawichian (BLW) remedy and its herbal components against 

drug-sensitive and drug-resistant cancer cells, cytotoxicity of the extracts toward 

normal cells, and their ability to induce apoptosis and cell cycle arrest in  

drug-sensitive and drug-resistant cancer cells. The extracts exhibited 

antiproliferative activity against doxorubicin-sensitive and doxorubicin-resistant 

erythromyelogenous leukemic cells (K562 and K562/adr). Tiliacora triandra root, 

BLW, and Harrisonia perforata root extracts displayed an IC50 of 77.00 ± 1.30, 

79.33 ± 1.33, and 87.67 ± 0.67 µg/mL, respectively, against K562 cells. In 

contrast, Clerodendrum petasites, T. triandra, and H. perforata root extracts 

displayed the lowest IC50 against K562/adr cells (68.89 ± 0.75, 78.33 ± 0.69, and 

86.78 ± 1.92 µg/mL, respectively). The resistance factor of the extracts was lower 

than that of doxorubicin, indicating that the extracts could overcome the multidrug 

resistance of cancer cells. Importantly, the extracts were negligibly cytotoxic to 

peripheral mononuclear cells, indicating minimal adverse effects in normal cells. 

In addition, these extracts induced apoptosis of K562 and K562/adr cells and 

caused cell cycle arrest at the G0/G1 phase in K562 cells. 
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INTRODUCTION 
 

Cancer is a severe disease and the most common cause of death among Thai 

people. The cancer mortality rate in Thailand has tended to increase every year 

(Strategy and Planning Division, 2020). Chemotherapy is a basic modality of cancer 

treatment. However, chemotherapy can result in multidrug resistance (MDR) of cancer 

cells and is cytotoxic to normal cells. These drawbacks can lead to treatment failure, 

adverse effects in patients, and high mortality rates. MDR of cancer cells is caused by 

persistent exposure to cytotoxic drugs, which alters the molecular mechanism in the 

cells and leads to inhibition of apoptosis (Synold, Dussault, & Forman, 2001).  

Apoptosis is programmed cell death that occurs in physiological conditions without 

inducing cell damage and inflammation (Saraste & Pulkki, 2000). Induction of apoptosis 

is a potential chemotherapeutic strategy. Apoptosis is induced by several pathways, 

including cell cycle arrest (Zheng, Chiang, & Lin, 2005). Therefore, discovering bioactive 

compounds that are not cytotoxic to normal cells but inhibit cell proliferation and induce 

apoptosis of both drug-sensitive and drug-resistant cancer cells is a promising strategy 

to overcome these drawbacks of chemotherapy. Bioactive compounds from plants, 

especially polyphenols and flavonoids, are known to possess these desired properties 

(Kothan et al., 2004; Dechsupa et al., 2007; Suttana et al., 2010). These compounds 

can induce apoptosis in cancer cells by arresting cell cycle at the G0/G1 phase (Zheng 

et al., 2005; Thangapazham et al., 2007). 

Benchalokawichian (BLW) is a traditional herbal remedy in Thailand. BLW has 

been used as an antipyretic drug for a long time and is included in the Herbal Products 

list of the Thailand National List of Essential Medicines A.D. 2006. BLW comprises the 

roots of five medicinal plants, including Clerodendrum petasites, Harrisonia perforata, 

Tiliacora triandra, Capparis micracantha, and Ficus racemosa (National Drug 

Committee, 2009). BLW and its herbal components consist of bioactive compounds, 

including alkaloids, flavonoids, and polyphenols (Brimson, Onlamoon, Tencomnao, & 

Thitilertdecha, 2019; Juckmeta et al., 2019; Noysang & Pummarin, 2019). Biological 

activities of BLW and its herbal components include anti-inflammatory, antioxidant, 

antimutation (Singharachai, Palanuvej, Kiyohara, Yamada, & Ruangrungsi, 2011), and 

antiproliferative activity against lung cancer cell lines (Juckmeta et al., 2019). However, 

the antiproliferative and apoptosis-inducing activities of BLW and its herbal components 

against drug-sensitive and drug-resistant cancer cells are unclear.  

This study investigated the effects of crude extracts of BLW and its herbal 

components on the proliferation, apoptosis, and cell cycle of drug-sensitive and drug-

resistant cancer cells, and the cytotoxicity of the extracts toward normal cells. The 

results will provide preliminary information for in vivo and clinical studies leading to 

anticancer drug development.  

MATERIALS AND METHODS 

Plant material 
Roots of five medicinal plants, including C. petasites, H. perforata, T. triandra, C. 

micracantha, and F. racemosa, were collected from Nakorn Pathom province, Thailand. 

Voucher specimens were deposited at the Medicinal Plants Innovation Center of Mae 

Fah Luang University, Chiang Rai, Thailand, with a herbarium number of MPIC134, 

MPIC0132, MPIC0131, MPIC0133, and MPIC0090, respectively.  

 
Chemicals and reagents 

RPMI 1640 medium, penicillin/streptomycin, and 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) were purchased from Thermo Fisher Scientific 

(Waltham, MA, USA). Fetal calf serum (FCS) and phosphate-buffered saline (PBS) were 

purchased from Hyclone Laboratories Inc. (Logan, UT, USA). Lymphoprep™ solution 

was acquired from Axis-Shield Diagnostics (Dundee, UK). Dimethyl sulfoxide (DMSO) 

and isopropanol were acquired from RCI Labscan Limited (Bangkok, Thailand). 

Hydrochloric acid (HCl) was purchased from Sigma-Aldrich Chemical Company  
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(St Louis, MO, USA). MuseTM Annexin V and Dead Cell and MuseTM Cell Cycle reagents 

were purchased from Luminex Corporation (Austin, TX, USA). 

 

Extract preparation  
BLW and each herbal component were ground and soaked in ethanol for 3 days. 

The liquid extracts were filtered through filter paper and the solvent was removed using 

a rotary evaporator. The powders of all crude extracts were kept in a desiccator until 

use. Before the experiments, the extracts were individually dissolved in DMSO and 

sterilized by passage through a 0.2-μm syringe filter. 

 

Cell models 

Cancer cells: Human erythromyelogenous leukemic cell lines from the American 

Type Culture Collection were generously provided by Dr. Sawitree Chiampanichayakul, 

Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai 

University. The cells included doxorubicin-sensitive cells (K562) and doxorubicin-

resistant cells (K562/adr) (CMU-IBC MTA01).  

Normal cells: Human peripheral blood mononuclear cells (PBMCs) were 

separated from the buffy coat of healthy blood donors who displayed negative results 

for infectious markers at Chiangrai Prachanukroh Hospital. The procedure was approved 

by the hospital’s ethical committee (CR0032.102/RES/EC314). 

 
Cell culture and preparation 

Cancer cells were cultured in RPMI 1640 supplemented with 10% FCS and 1% 

penicillin/streptomycin at 37°C in a 95% humidified atmosphere of 5% CO2. 

Subculturing was performed every 3 days. PBMCs were isolated from the buffy coat of 

healthy blood donors using density gradient centrifugation. The buffy coat was diluted 

with PBS and overlayered on Lymphoprep™ solution. After centrifugation at 400 g for 

30 min at room temperature, PBMCs were collected, washed twice with PBS, and 

centrifuged at 200 g for 10 min at room temperature. The cells were used immediately 

for cytotoxicity assay. 

 

Cytotoxicity assay 
Cancer cells (104 cells) were added to 100 µL of RPMI 1640 supplemented with 

10% FCS and 1% penicillin/streptomycin at 37°C in a 95% humidified atmosphere of 

5% CO2 in 96-well plates. Untreated samples served as controls and the test samples 

received 12.5, 25, 50, 100, or 200 µg/mL of the extracts. The samples were incubated 

for 72 h. After incubation, MTT (0.45 mg/mL solution) was added, and the samples 

were incubated for 4 h. The formazan crystals formed by viable cells were dissolved by 

the addition of 0.04 N HCl in isopropanol. The absorbance at 570 nm (Abs570nm) of each 

treated and control well was determined using an EPOCHTM2 microplate reader (BioTek 

Instruments Inc., Winooski, VT, USA). In addition, cells (104) were also added to the 

MTT solution immediately to measure the absorbance of formazan produced by the cells 

before incubation (Abs570nm before incubation). The concentration of compound required 

to inhibit proliferation by 50% (IC50) was determined by plotting the percentage of 

proliferation inhibition (% proliferation inhibition) versus the extract concentration. The 

percentage of cell growth inhibition was calculated as: % Proliferation inhibition = 

(Abs570nm of control well − Abs570nm of treated well) × 100 / (Abs570nm of control well − 

Abs570nm before incubation). The percentage cell proliferation (%Proliferation) was 

calculated as: % Proliferation = (Abs570nm of treated well - Abs570nm before incubation) 

× 100 / (Abs570nm of control well - Abs570nm before incubation). The resistance factor 

(RF) was calculated as the IC50 of the extract against drug-resistant cancer cells / IC50 

of the extract against drug-sensitive cancer cells. 

PBMCs (104) were seeded in 100 µL of RPMI 1640 supplemented with 10% FCS 

and 1% penicillin/streptomycin and incubated at 37°C in a 95% humidified atmosphere 

of 5% CO2 in 96-well plates. Untreated samples served as controls and the test samples 

received 12.5, 25, 50, 100, or 200 µg/mL of the extracts. After 72 h, the samples were 

treated with MTT and the absorbance measured as described above for the cancer cells.  
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The percentage of cell viability (%Viability) was calculated according to the formula: % 

Viability = [(Abs570nm of treated well / Abs570nm of the control well)] × 100. 

  

Apoptosis assay 
Cancer cells (105 cells) were added to 24-wells plates containing 500 µL of RPMI 

1640 supplemented with 10% FCS and 1% penicillin/streptomycin. The samples were 

incubated at 37°C in a 95% humidified atmosphere of 5% CO2. The samples were either 

not treated (control) or treated with 50 or 100 µg/mL of the extracts (test). After 24 h, 

the cells were collected, washed with PBS, and centrifuged at 200 g for 10 min at 4°C. 

The cells from each well were suspended in 100 µL of PBS, stained with 100 µL of 

MuseTM Annexin V and Dead Cell reagent, and incubated for 20 min in the dark at room 

temperature. The stained cells (5 × 103 cells) were analyzed using a GuavaTM MuseTM 

Cell Analyzer (Luminex Corporation). Dot plots were generated using Flowing software 

2.5.1 (Turku Bioscience, Turku, Finland). The results were expressed as percentages of 

living cells (AnnV–, 7-AAD–), early apoptotic cells (AnnV+, 7-AAD-), late apoptotic cells 

(AnnV+, 7-AAD+), and necrotic cells (AnnV-, 7-AAD+). 

 
Cell cycle analysis 
 Cancer cells (2 × 105 cells) were seeded in 24-well plates containing 500 µL of 

RPMI 1640 supplemented with 10% FCS and 1% penicillin/streptomycin at 37°C in a 

95% humidified atmosphere of 5% CO2. The samples were incubated with 50 or 100 

µg/mL of the extracts (test) or without the extracts (control) for 24 h. The cells were 

collected, washed with PBS, and centrifuged at 200 g for 10 min at 4°C. The cells were 

fixed with 1 mL of ice-cold 70% ethanol and kept at 20°C for at least 3 h before staining. 

The fixed cells were collected and stained with 200 µL of MuseTM Cell Cycle Reagent and 

incubated for 30 min in the dark at room temperature. The stained cells (5 × 103) were 

analyzed using a GuavaTM MuseTM Cell Analyzer (Luminex Corporation). The results were 

expressed as percentage of cells in each phase of the cell cycle from the histogram 

using Flowing software 2.5.1 (Turku Bioscience, Turku, Finland). 

 

Statistical analysis 
The results from the experiments are expressed as mean ± standard error of the 

mean (SEM) from three independent experiments. Statistically significant differences 

between the values of treated and control cells were analyzed using the Wilcoxon signed 

ranks test at P < 0.01 and 0.05. 

 

RESULTS  
 
Effect of BLW and its herbal component extracts on proliferation 

of drug-sensitive and drug-resistant cancer cells 
 BLW and its herbal component extracts inhibited the proliferation of doxorubicin-

sensitive (K5562) and doxorubicin-resistant (K562/adr) erythromyelogenous leukemic 

cells. T. triandra root, BLW, and H. perforata root extracts displayed the lowest IC50 

values against K562 cells (77.00 ± 1.30, 79.33 ± 1.33, and 87.67 ± 0.67 µg/mL, 

respectively). C. petasites, T. triandra, and H. perforata root extracts displayed the 

lowest IC50 values against K562/adr cells (68.89 ± 0.75, 78.33 ± 0.69, and 86.78 ± 

1.92 µg/mL, respectively) (Table 1). Based on their potent antiproliferative property, 

these extracts were selected to further investigate their influence on the induction of 

apoptosis and their effect on cell cycle. In addition, the RF of the extracts was lower 

than that of doxorubicin, which is an established chemotherapy drug. In particular,  

C. petasites, H. perforata, and T. triandra root extracts had an RF ≤ 1 (Table 2). These 

results indicate that the extracts inhibited the proliferation of doxorubicin-resistant cells 

to a similar or greater extent as compared to inhibition of doxorubicin-sensitive cells. 

These enhanced activities could overcome the MDR of cancer cells. The antiproliferative 

activities of BLW and its herbal component extracts with K562 and K562/adr cells are 

depicted in Figure 1.  
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Table 1. IC50 of BLW, BLW herbal component extracts, and doxorubicin in doxorubicin-

sensitive (K562) and doxorubicin-resistant (K562/adr) erythromyelogenous leukemic 

cells after 72 h of incubation. 

   Cells 

Extracts   
IC50 (µg/mL) 

K562 K562/adr  

C. petasites 95.78 ± 2.18 68.89 ± 0.75 

H. perforata 87.67 ± 0.67 86.78 ± 1.92 

T. triandra 77.00 ± 1.30 78.33 ± 0.69 

C. micracantha > 200 > 200 

F. racemose 95.11 ± 0.96 141.78 ± 3.56 

BLW 79.33 ± 1.33 139.00 ± 0.99 

Doxorubicin 0.01 0.72 ± 0.02 

 

Table 2. Resistance factor (RF) of BLW, BLW herbal component extracts, and doxorubicin 

in erythromyelogenous leukemic cells. 

Extracts Resistance factor 

C. petasites 0.72 

H. perforata 0.99 

T. triandra 1.02 

C. micracantha n/d 

F. racemose 1.49 

BLW 1.75 

Doxorubicin 72.00 
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(A) 

 

 
 

 
 (B) 

 
 

 
Figure 1. Percentage proliferation after treatment with various concentration 

of BLW and its herbal component extracts for 72 h in (A) doxorubicin-sensitive 

erythromyelogenous leukemic cells (K562) and (B) doxorubicin-resistant cells 

(K562/adr). 
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Cytotoxicity of extracts toward normal cells 
The extracts were negligibly cytotoxic to normal cells (PBMCs). The highest 

concentration tested reduced cell viability by less than 20% (Figure 2).  

  

 
 

 

Figure 2. Percentage viability after treatment of peripheral blood mononuclear 

cells (PBMCs) with various concentration of BLW and its herbal component 

extracts for 72 h. 

 

Induction of apoptosis by selected extracts in K562 and K562/adr 
cancer cells 

H. perforata and T. triandra root extracts, and BLW were selected for 

investigating apoptosis induction in K562 cells. C. petasites, H. perforata, and  

T. triandra root extracts were selected for investigating apoptosis induction in K562/adr 

cells. The percentage of K562 and K562/adr cell viability significantly decreased, while 

the percentage of early and late apoptotic cells, and cell necrosis significantly increased 

after incubation with 50 and 100 µg/mL of the extracts for 24 h compared to the control 

(P < 0.01, P < 0.05), as shown in Figures 3 and 4. These findings indicate the induction 

of apoptosis by the extracts in doxorubicin-sensitive and doxorubicin-resistant cancer 

cells. 
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Figure 3. Percentage of apoptotic K562 and K562/adr cells after treatment 

with 50 and 100 μg/mL of (A) H. perforata, (B) T. triandra root, and (C) BLW 

extracts for 24 h. Statistically significant differences compared to control are indicated 

at *p < 0.05 and **p < 0.01. 
 

 

 

 

 

(A) 

(B) 

(C) 
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Figure 4. Percentage of apoptotic K562 and K562/adr cells after treatment 

with 50 and 100 μg/mL of (A) C. petasites, (B) H. perforata, and (C) T. triandra 

root extracts for 24 h. Statistically significant differences compared to control are 

indicated at *p < 0.05 and **p < 0.01. 

 

Effect of selected extracts on K562 and K562/adr cell cycle 
progression  
 Similar selected extracts as used in the apoptosis assay were used to investigate 

their effects on cell cycle progression of the drug-sensitive and drug-resistant cancer 

cells. After incubation with 50 and 100 µg/mL of the extracts for 24 h, the percentage 

of K562 cells in the G0/G1 phase significantly increased and that in the G2/M phase 

(A) 

(B) 

(C) 
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significantly decreased compared to the control (P < 0.01, P < 0.05) (Figure 5). The 

findings indicated that the extracts induced cell cycle arrest at the G0/G1 phase. In 

addition, incubation with 50 and 100 µg/mL of the extracts for 24 h produced a non-

significant decrease in the percentage of K562/adr cells at the G0/G1 phase and 

increase in cells at the G2/M phase compared to the control (P > 0.05) (Figure 6).  

 

 

Figure 5. Cell cycle distribution after 24-h treatment of K562 and K562/adr 

cells with 50 and 100 μg/mL of (A) H. perforata, (B) T. triandra root, and (C) 

BLW extracts. Statistically significant differences compared to control are indicated at 

*p < 0.05 and **p < 0.01. 

 

 

(A) 

(C) 

(B) 
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Figure 6. Cell cycle distribution after 24-h treatment of K562 and K562/adr 

cells with 50 and 100 μg/mL of (A) C. petasites, (B) H. perforata, and (C)  

T. triandra root extracts. Statistically significant differences compared to control are 

indicated at *p < 0.05 and **p < 0.01. 

 

(A) 

(C) 

(B) 
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DISCUSSION 

BLW and its herbal component extracts inhibited the proliferation of K562 and 

K562/adr cells. C. petasites, H. perforata, and T. triandra root extracts inhibited the 

proliferation of doxorubicin-resistant cells to a similar or greater extent as compared to 

inhibition of doxorubicin-sensitive cells. BLW and its herbal component extracts consist 

of bioactive compounds that include alkaloids, flavonoids, and polyphenols (Rattana, 

Cushnie, Taepongsorat, and Phadungkit, 2016; Brimson et al., 2019; Juckmeta et al., 

2019; Noysang and Pummarin, 2019). Previous studies have described the 

antiproliferative activity of these compounds against K562 and K562/adr cells (Kothan 

et al., 2004; Suttana et al., 2010; Yao et al., 2016; Chamani et al., 2020) as well as 

against imatinib-resistant K562 cells (Zamani, Jusoh, Al-Jamal, Sul’ain, and Johan, 

2016). The present observation of the very low cytotoxicity of the extracts to PBMCs is 

consistent with other descriptions of the very low toxicity of alkaloids, flavonoids, and 

polyphenols in PBMCs and other normal cell models (Menezes et al., 2016; Rossi et al., 

2020) 

The extracts induced apoptosis in both K562 and K562/adr cells. In K562 cells, 

this involved cell cycle arrest at the G0/G1 phase. On the contrary, another mechanism 

was evident for K562/adr cells. These actions might have been caused by alkaloids, 

flavonoids, and polyphenols, as previous studies demonstrated that these compounds 

can induce apoptosis in K562 cells through cell cycle arrest at G0/G1 and G2/M phases 

(Li et al., 2012; Mahbub et al., 2013; Asmaa, Ali, Farid, & Azman, 2015; Zamani et al., 

2016) 

CONCLUSION 

BLW and its herbal component extracts inhibit proliferation of K562 and K562/adr 

cells. This inhibition by C. petasites, H. perforata, and T. triandra root extracts is similar 

to or greater in doxorubicin-resistant cells than in doxorubicin-sensitive cancer cells. The 

extracts are negligibly cytotoxic to PBMCs. The extracts induce apoptosis in K562 and 

K562/adr cells, involving cell cycle arrest at the G0/G1 phase in K562 cells. These findings 

provide preliminary information on the anticancer activities of the crude extracts of BLW 

and its herbal components, therefore, other investigations of their mechanisms of action 

are still needed. Isolation of pure bioactive compounds and investigation of their 

mechanism of action for anticancer activities are also needed. The anticancer activities of 

BLW and its herbal components in vivo and at clinical levels should be further investigated. 
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