
Abstract

Background: Chemotherapeutic agents such as oxaliplatin, 5-FU, capecitabin, or irinotecan are widely 
used to treat metastatic gastric or colorectal cancer. Various herbal medicines may be used to reduce 
chemotherapy-related toxicities. In this study, we evaluated the effectiveness of 16 herbal medicines, 
selected herbal medicines with anticancer effect, and investigated the growth inhibitory effect of 
combined herbal medicines and chemotherapy agents in 5 gastric cancer cell lines or 3 colon cancer cell 
lines. 
Methods: We evaluated anti-cancer effect of the 16 herbal medicines, then we finally selected 4 herb 
medicines: Pulsatilla koreana, Anemarrhenae asphodeloides bunge,Coptis rhizoma, and fucoidan. We 
evaluated the sensitivity of these herb medicines and anticancer agents including oxaliplatin, 5-FU, 
capecitabin, or irinotecan.
Results: Compared with chemotherapeutic agent alone, Pulsatilla koreana, Anemarrhenae asphodeloides 
bunge, Coptis rhizoma and fucoidan combined with capecitabin significantly inhibited the growth of 
gastric and colorectal cancer cells. The four herb medicines also inhibited significantly the growth of 
gastric cancer cells with combination of anti-cancer agents: Pulsatilla koreana+ 5-FU, Anemarrhenae 
asphodeloides bunge+ oxaliplatin, Coptis rhizoma + 5FU or oxaliplatin, fucoidan + irinotecan. 
Conclusions: Pulsatilla koreana, Anemarrhenae asphodeloides bunge, Coptis rhizoma, or fucoidan 
extract can be applied as adjuvant medicinesin combination of oxaliplatin, 5-FU, capecitabin, or 
irinotecan to inhibit the growth of gastric cancer cells or colon cancer cells.
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Introduction

Gastric cancer is the most prevalent cancer in Eastern Asia and 
colorectal cancer is the second most prevalent cancer globally 
[1]. The most common treatment for these cancers is surgery [2]. 
Chemotherapy is necessary to treat cancer with advanced stage. 
Chemotherapeutic agents such as oxaliplatin, 5-fluorouracil (5-FU), 
capecitabin, or irinotecan are commonly used to treat metastatic 
gastric or colorectal cancer [3].However, many patients may be suffer 
from chemotherapy-related toxicity such as diarrhea, vomiting, 
fatigue, neuropathy, hematological abnormalities, or immune 
dysfunction [3,4]. These side effects can impair quality of life of cancer 
patients. In addition, some cancers are chemo-resistant and systemic 
cytotoxic chemotherapy are minimally effective at cure of cancer [5].

Various herbal medicines have been widely used to care cancer-
related symptoms and to treat cancer in China, Japan, and other 
Asian countries [6]. Several studies have investigated the effectiveness 
of herbal medicines combined with chemotherapeutic agents [7–9]. 
Herbal medicines have been reported to have favorable therapeutic 
effects in improving quality of life. However, these studies only focused 
on single targeted herbal medicines. In this study, we evaluated the 
effectiveness of many herbal medicines and selected herbal medicines 
with anticancer effect. And we investigated the therapeutic effect 
of combined herbal medicines and chemotherapy agents in gastric 
cancer cells or colon cancer cells.

Material and Methods

Cell lines and cell culture

Human gastric carcinoma cell lines SNU-1, SNU-216, SNU-484,
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SNU-668 and NCI-N87 were obtained from the Korean Cell Line 
Bank (Seoul, Korea). Human colorectal carcinoma cell lines SNU-
175 and SNU-1411 were obtained from the Korean Cell Line Bank. 
Another colorectal carcinoma cell lines CRC1306 was isolated from 
the patients of Daegu Catholic Medical Center. Cells were suspended 
in RPMI-1640 (Gibco/BRL, Grans Island, NY) containing 10% FBS, 
25 mM HEPES, and 25 mM sodium bicarbonate (Gibco/BRL).

Reagents

A total of 16 herbal medicines were initially screened as follows: 
(extract of Alnus japonica (Jeokyang), extract of Anemarrhenae 
asphodeloides bunge (AAB, Jimo), extract of Astragalus sinicus 
(Honghwa), water extract of Coptis rhizoma (CR, Hwang-
ryeon), curcumin, Daehwang-Mokdanpi-tang, Daesiho-tang, 
Dangguibohyul-tang, extract of Duchesnea indica (Samae), extract of 
Euphorbiae Lathyridis (Soksuja), fucoidan extract, Gyejibokryeong-
hwan, Hyangsa-Pyeongwi san, extract of Mylabris phalerata 
(Banmyo), Pulsatilla Koreana extract (PKE, Baekduong-tang) and
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extract of Sophora flavescens (Gosam). Gyejibokryeong-hwan, 
and Daehwang-Mokdanpi-tang were purchased from Hanzung 
pharmaceutical company (Daejeon, Korea), curcumin and fucoidan 
extract was purchased from Sigma-Aldrich Co. (St. Louis, MO). The 
other herbal medicines were obtained from Semyung University 
Korean Medicine (Jecheon, Korea). Anticancer agents including 
oxaliplatin, 5-FU, capecitabine, and irinotecan were purchased from 
Sigma-Aldrich (St. Louis, MO), and was dissolved in dimethylsulfoxide 
(DMSO) (Sigma-Aldrich, St. Louis, MO). The tetrazolium salt MTT 
(3-[4,5]-dimethyl-2-thiazolyl-2,5-diphenyltetrazolium bromide) were 
purchased from Sigma-Aldrich (St.Louis.MO, USA).

Choice of herbal medicine with anticancer effect using MTT assay

We first screened 16 herbals, and herbal medicines were tested 
using MTT assay. A colorimetric assay using the tetrazolium salt MTT 
was used to assess the cytotoxicity of herbal medicines or anticancer 
agents. Equal number of colorectal cancercells (CRC1306, 2 × 104/well) 
cultured from a cancer patient of Daegu Catholic University Medical 
Center (Daegu, Korea) was inoculated into 96-well plates and treated 
with the herbal drugs or phosphate buffered saline (for untreated 
100% survival control). Herbal medicines were added at serial diluted 
concentrations, with the initial drug concentration of 612μg/mL. 
These mixtures were cultured at 37°C and 5% CO2 for 3 days. After 
that, 100 μL of MTT at concentration of 5 mg/mL was added to each 
well and incubated at 37°C for 4 hours. Plates were centrifuged at 450 
g for five min at room temperature and culture medium removed. 
DMSO (500 μL) was added to each well to solubilize the crystals, and 
the plates were read at 540 nm on a scanning multiwall spectrometer 
(EVOLIS, Bio-Rad Laboratories, Hercules, CA, USA). Herbal 
medicines producing more than 50% reduction (50% of cell viability)
in absorbance at 540 nm compared to untreated controls in an MTT 
assay were defined as having anticancer effect.

Determination of the concentrations of anticancer agents

Equal number of cells (2 × 104/well) cultured from cancer tissue 
(CRC1306) was plated and treated with variable doses of anticancer 
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agents alone. The MTT assay was performed as described above. 
To avoid the growth inhibitory effect of anticancer agent, the 
concentration producing a 30% reduction in absorbance at 540 nm 
compared to untreated controls in an MTT assay was determined. The 
concentrations of oxaliplatin, 5-FU, capecitabin, and irinotecan were 
5 μg/mL, 12.5μg/mL, 63 μg/mL, and 6 μg/mL, respectively.

Cell viability assay of combination therapy targeting various 
cancer cell lines

Equal number of cells (2 × 104/well) cultured from various cancer 
cell lines was inoculated into each well and cultured at 37°C and 5% 
CO2 for 3days. After that, the anticancer agent alone (for untreated with 
herbal medicine, control) or in combination of herbal medicineswere 
added and cultured at 37°C and 5% CO2. The anticancer agents 
were added at the same concentrations described above. The initial 
concentration of herbal medicines was 500 μg/mL and the drugs were 
serially diluted. The anti-cancer combination effects were shown at 
the figure 1.

Statistical method

A dose-inhibition curve was drawn from the results of the 
MTT assay by calculating the percentage of cell viability (100 x 
absorbance of drug treated wells/absorbance of control wells). 
Statistical significances were analyzed by one-way ANOVA test in 
the herbal medicine-anticancer agent combinations experiments 
withsubsequent post hoc range tests (Turkey). Statistical analysis was 
performed using the SPSS software, version 21.0 (SPSS, Chicago, IL, 
USA). P value <0.05 was considered statistically significant.

Results

Screening of anti-cancer effects of 16 herbal medicines

Based on the results of cell viability, AAB, CR, Curcumin, fucoidan, 
Mylabris phalerata and PKE showed anti-cancer effect. Curcumin and 
Mylabris phalerata were excluded due to their limitation in vivo usage. 
AAB, CR, fucoidan and PKE were selected for the further study (Table 
1).

Figure 1. Anti-cancer effects of combination treatments for SNU1 gastric cancer cells, A1 Irinotecan 6ug/mL, A2 Irinotecan 6ug/mL + Coptis 
rhizoma 125ug/mL, A3 Irinotecan 6ug/mL + Coptis rhizoma 500ug/mL, B1 Oxaliplatin 5ug/mL, A2 Oxaliplatin 5ug/mL + Pulsatilla koreana 
125ug/mL, A3 Oxaliplatin 5ug/mL + Pulsatilla koreana 500ug/mL.
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Cytotoxicity of Pulsatilla koreanaon Gastric and Colorectal Cancer 
Cell Lines (Figure 2)

PKE combined with 5-FU or capecitabin, significantly inhibited 
the growth of gastric cancer cells (P<0.05), while combined with 
irinotecan or oxaliplatin, inhibited the growth of gastric cancer cells but 
statistically not significant (P=0.096 and 0.056 respectively, Figure 2a). 
PKE combined with capecitabin inhibit the growth of colorectal cancer 
cells (P<0.05), while combined with 5-FU, irinotecan or oxaliplatin 
did not inhibit the growth of colorectal cancer cells (Figure 2b).

Cytotoxicity of AAB on Gastric and Colorectal Cancer Cell Lines 
(Figure 3) 

AAB combined with capecitabin or oxaliplatin significantly 
inhibited the growth of gastric cancer cells (P<0.05). AAB combined 
with capecitabin inhibit the growth of colorectal cancer cells (P<0.05). 

Cytotoxicity of CR on Gastric and Colorectal Cancer Cell Lines 
(Figure 4) 

CR combined with 5-FU, capecitabin and oxaliplatin, significantly 
inhibited the growth of gastric cancer cells (P<0.05), while combined
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Herbal medicines (μg/mL) Cell viability (%)
0 76.5 153 306 612

Alnus japonica 95 90 90 90 80
Anemarrhena asphodeloides Bunge 90 90 80 40 10
Astragalus sinicus 90 90 90 90 90
Coptidis Rhizoma 90 30 10 10 0
Curcumin 90 0 0 0 0
Daehwang-Mokdanpi-tang 90 90 90 90 90
Daesiho-tang 90 95 95 95 95
Dang gui bohyul-tang 90 80 80 80 80
Duchesnea indica 90 90 90 90 90
Euphorbia lathyris 90 90 90 90 70
Fucoidan 90 90 80 60 30
GyejiBokryeong-hwan 90 90 95 90 95
Hyangsa-Pyeongwi san 90 95 90 90 95
Mylabris phalerata 95 0 0 0 0
Pulsatilla koreana extract 90 80 60 40 20
Sophora flavescens 90 90 90 90 90

Table 1: Anti-cancer effects of 16 herbal medicines measured using MTT 
assay.

Figure 2: Growth inhibitory effects of Pulsatilla koreana in combination with chemotherapeutic agents on gastric cancer 
cells (A) or colorectal cancer cells (B). * Capecitabin and 5-FU shows significant difference from the chemotherapeutic 
agent alone group (P<0.05).

Figure 3: Growth inhibitory effects of extract of Anemarrhenae asphodeloides bunge in combination with chemotherapeutic 
agents on gastric cancer cells (A) or colorectal cancer cells (B). * Capecitabine (for gastric and colorectal cancer) and 
oxaliplatin shows the significant different concentration from the chemotherapeutic agent alone group (P<0.05).

(a) (b)

(a) (b)

https://doi.org/10.15344/2455-4006/2016/114
https://doi.org/10.15344/2455-4006/2016/114


Int J Lab Med Res                                                                                                                                                                                                    IJLMR, an open access journal                                                                                                                                          
ISSN: 2455-4006                                                                                                                                                                                                      Volume 3. 2017. 114   

single chemotherapeutic agent. However, few studies have screened 
several herbal medicines and evaluated combination effect of herbal 
medicines when combined with anticancer agents. Especially, the 
effects of combination therapy on gastric cancer cells were rarely 
evaluated. We screened several herbal medicines and chose the 
agents with good response. And we examined the sensitivity of PKE, 
AAB, CR, or fucoidan extract in combination of oxaliplatin, 5-FU, 
capecitabine, or irinotecan on various gastric cancer cell or colorectal 
cancer cell lines.

PKE has been known to have the anticancer effect against various 
cancers including colon cancer, hepatocellular carcinoma, thyroid 
cancer, melanoma and ovarian cancer [10–14]. It has been reported 
that PKE induced the apoptosis of p53 positive HCT-116 cells, colon 
cancer cell line through G2/M phase arrest and intracellular redox 
status [10]. In the current study, PKE showed the additive growth 
inhibitory effect on gastric cancer cell lines when combined with 
5-FU and capecitabin. In the present study, PKE also showed the 
growth inhibitory effect on themost of gastric cancer cell lines with 
conventional anti-cancer agents.

with irinotecan inhibited the growth of gastric cancer cells but 
statistically not significant (P=0.179, Figure 4a). CR combined with 
capecitabin, significantly inhibited the growth of colorectal cancer 
cells, while combined with 5-FU, irinotecanor oxaliplatin did not 
inhibit the growth of colorectal cancer cells. (Figure 4b).

Cytotoxicity of Fucoidan Extract on Gastric and Colorectal Cancer 
Cell Lines (Figure 5)

Fucoidan combined with capecitabin and irinotecan, significantly 
inhibited the growth of gastric cancer cells (P<0.05, Figure 5a), while 
combined with 5-FU and oxaliplatin did not inhibit the growth of 
gastric cancer cells. Fucoidan combined with capecitabin, inhibit the 
growth of colorectal cancer cells. (P<0.05, Figure 5b).

Discussion

To decrease chemotherapy-related cytotoxicity, many herbal 
medicines were evaluated whether to have anticancer effects. To date, 
several studies have investigated the effect of single herbal agent and
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Figure 4: Growth inhibitory effects of water extract of Coptis rhizoma in combination with chemotherapeutic agents on gastric cancer 
cells (A) or colorectal cancer cells (B). * Capecitabin (gastric and colorectal cancer), 5-FU and oxaliplatin shows the significant different 
concentration (P<0.05) from the chemotherapeutic agent alone group.

Figure 5: Growth inhibitory effects of fucoidan extract in combination with chemotherapeutic agents on gastric cancer cells (A) or 
colorectal cancer cells (B). * Capecitabin (gastric and colorectal cancer) and irinotecan shows the significant difference from the 
chemotherapeutic agent alone group.

(a) (b)

(a) (b)
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AAB, when combined with capecitabin, showed the anticancer effect 
on gastric and colon cancer cells. AAB combined with oxaliplatin 
inhibited significantly the growth of gastric cancer cells. These results 
correspond well with those of the earlier study which reported that 
AAB induces apoptosis in HT-29 human colon cancer cells through 
mitochondria/caspase pathway [15]. In the current study, AAB also 
showed the growth inhibitory tendency on cancer cell lines with 4 
anti-cancer agents. 

CR had the growth inhibitory effect on most gastric cancer cell lines 
and colon cancer cell lines when administered in combination with 
anticancer agent. CR has been reported to have the anticancer effect 
against gastric cancer cells, colon cancer cells and breast cancer cells 
[16–18]. It has been demonstrated that CR induces apoptosis through 
caspase3 pathway in SNU-668 human gastric cancer cells[16]. In the 
previous study, CR exhibited the anticancer effect on SNU-81 colon 
cancer cells through ErbB3-regulated signal transduction pathway 
[17].

Fucoidan extract also had the growth inhibitory effect on most 
gastric cancer cell lines and colon cancer cell lines when administered 
in combination with capecitabin or irinotecan. Oh et al. reported 
that fucoidan in combination with tyrosine kinase inhibitor lapatinib 
exerted synergistic or antagonistic effect on EGFR/ERBB2-amplified 
cancer cells [19]. In the present study, there was no antagonistic effect 
when fucoidan extract given in combination with oxaliplatin, 5-FU, 
capecitabin, or irinotecan. Fucoidan extract has been known to reduce 
the toxicities of oxaliplatin plus 5-FU/leucovorin or irinotecan plus 
5-FU/leucovorin and improve survival for patients with advanced or 
recurrent colorectal cancer (n = 2) in clinical trial [20].

Although drug concentrations of oxaliplatin, 5-FU, capecitabin, or 
irinotecan were much lower than optimal concentrations, addition of 
herbal medicines led to satisfactory growth inhibitory result. Lower 
concentrations of cancer drug may reduce drug-related side effects.

There are limitations in this study. The experiments were performed 
not in vivo, but in vitro. Drug sensitivity can be different between 
in vitro and in vivo. Animal experiments and clinical trials should 
be done in the further study. Clinical trials should be performed 
whether to reduce chemotherapeutic agent-related toxicities. Another 
limitation is that prescriptions of herb medicine are not standardized 
worldwide and difficult to use in West.

In conclusion, PKE, AAB, CR, or fucoidan extract can be applied as 
adjuvant medicines in combination of oxaliplatin, 5-FU, capecitabin, 
or irinotecan to inhibit the growth of gastric cancer cells or colon 
cancer cells. Most of them showed additive growth inhibitory effects 
in combination with the conventional chemotherapeutic agents. 
Molecular study is needed to understand the mechanism of growth 
inhibitory effect.
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