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Abstract

Many oncology patients report using botanicals while undergoing chemotherapy. There are relatively few studies
on the interactions between “natural” products and chemotherapy agents, with implications regarding safety and
efficacy of the conventional treatment. LCS101 is a botanical formula which has been shown to reduce the incidence
of severe anemia and neutropenia, as well adverse events resulting from chemotherapy regimens for breast cancer.
The formula has also been shown to increase the anti-cancer effects of doxorubicin and fluorouracil (5-FU) on breast
cancer cell lines, while protecting non-tumorigenic breast cells from cell death. The present study set out to further
examine the effects of LCS101 on chemotherapy, this time with gemcitabine, cisplatin, paclitaxel and etoposide. For
this purpose, lung (A549), breast (MCF7), pancreatic (PANC-1) and bladder (T24) cancer cell lines were exposed to
incremental concentrations of each of the four chemotherapy agents, with and without the addition of fixed dose of
LCS101. A sulforhodamine B (SRB) assay was used to assess cell viability. The addition of the botanical formula
was found to significantly augment the cytotoxic effects of each of the chemotherapy agents, this in all four cancer
cell lines. These findings further support those of previous research on potential interactions between LCS101 with
chemotherapy. Additional research is underway to examine the implications of this and other botanical formulas as
an adjunct to conventional oncology treatments.
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Introduction
Oncology patients often seek out complementary or "alternative"

medical therapies such as the use of herbal remedies, often in
conjunction with their chemotherapy regimens [1,2]. Patients most
often claim that they are using herbal medicine in order to relieve the
side effects of conventional treatments, though many believe that these
products can “cure” their cancer and "strengthen" the body's immune
system [3-5]. While the use of "natural" medicine is believed to be both
safe and effective [6], research has found that some of these products
have potentially toxic effects, such as cyanide poisoning with
amygdalin, a compound derived from apricot pits [7]; can reduce
serum levels of drugs through the induction of cytochrome P450
metabolism and/or P-glycoprotein activity, as seen with hypericum (St.
Johns wort) [8]; and can inhibit the cytotoxic effects of chemotherapy,
such as that of cisplatin and carboplatin on breast cancer cell lines, as
seen with the herb Ephedra foemina [9].

The botanical formula LCS101 was designed for the treatment of
patients with breast cancer. While the formula's components were
chosen according to the principles of traditional Chinese Medicine,
many of them have been shown to have anti-cancer effects as well
(Table 1) [10-22].

In a phase II randomized, double-blind clinical trial, patients with
breast cancer who were undergoing chemotherapy (doxorubicin/
cyclophosphamide, with/without paclitaxel) were less likely to develop

severe anemia, leukopenia or neutropenia when treated concurrently
with LCS101 (vs. placebo-treated controls) [23]. In a follow-up
retrospective clinical study of 20 post-operative patients with breast
cancer, the self-administration of LCS101 during adjuvant
chemotherapy was associated with lower scores of severities for a
number of adverse effects of the conventional treatment regimen than
expected [24]. In both of these clinical trials no adverse effects were
associated with the use of the botanical formula. Animal research has
also found that exposure to LCS101 was not associated with either
reduced body weight or changes in the animal's behavior as well as a
tendency for reduction in tumor size in concurrent treatment of the
formula with doxorubicin and fluorouracil (5-FU) [25].

LCS101 capsules are prepared in accordance with Good
Manufacturing Practice and authorized by the Israeli Ministry of
Health as safe for consumption, with no evidence of trace heavy
metals, microbial contamination, pesticides or mycotoxins. The
potential for negative interactions between LCS101, both as a formula
and as individual components, has been addressed in part in previous
research. A search of the medical literature has shown that the
individual herbal components of the formula do not affect the
pharmacodynamics of conventional drugs, including chemotherapy
agents, or affect the cytotoxic activity of chemotherapy on cancer cell
lines [26]. The interaction between LCS101 and chemotherapy has
been examined on a cellular level as well. The addition of LCS101 to
the chemotherapy agent’s doxorubicin and 5-FU was shown to
significantly increase the cytotoxic effects of these drugs on breast
cancer cell lines (MCF-7, MDA-MB-231), while reducing apoptosis in
non-tumorigenic human epithelial breast cells (MCF-10A) [27].
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Herbal Component Anticancer Effects

Astragalus membranaceus Suppression of C6 glioma cells, in vitro and in vivo [10]

Atractylodes macrocephala Mediation of reactive oxygen species apoptosis in human leukemia cells [11]

Citrus reticulate
Induction of apoptosis in SNU-C4 human colon cancer cells [12], Induction of apoptosis in
human gastric cancer cells (cas-3 pathway) [13]

Ligustrum lucidum
Induction of human glioma cell death through regulation of Akt/mTOR pathway in vitro and
reduction of glioma tumor growth in U87MG xenograph mouse model [14]

Oldenlandia diffusa

Augmentation of oxidative burst in macrophages and inhibited tumor growth [15], Selective
anti-cancer in vitro effects in B16-F10 mice lung cancer and Renca renal carcinoma models
[16]

Paeonia lactiflora
Inhibition of bladder cancer growth in a rat model involving phosphorylation of Chk2, in vitro
and in vivo [17]

Prunella vulgaris

Chemoprevention of non-small cell lung cancer (NSCLC) via promotion of apoptosis and
regulation of the cell cycle [18], Suppression of PMA-induced tumor cell invasion and
metastasis via inhibition of NF-kappaB-dependent MMP-9 expression [19]

Scutellaria barbata

Induction of oxidative stress damage with redistribution of metabolic fluxes in breast cancer
cells [20], Selective cytotoxic activity on breast cancer cells [21], Augmentation of oxidative
burst in macrophages and inhibited tumor growth [15, Modulation of apoptosis and cell
survival in murine and human prostate cancer cells and tumor development in TRAMP mice
[22]

Table 1: Anti-cancer effects of LCS101 herbal components.

The purpose of the present study was to further examine the effects
of LCS101 on the cytotoxicity of four chemotherapy agents –
gemcitabine, cisplatin, paclitaxel and etoposide – on four cancer cell
lines - lung (A549), breast (MCF7), pancreas (PANC-1), and bladder
(T24). The implications of the findings regarding the safety of using
LCS101 in conjunction with conventional chemotherapy are discussed
as well.

Materials and Methods

Cell lines
The following cancer cell line cultures were used in the study:

American Type Culture Collection (ATCC) (Manassas, VA, USA)
A549 lung carcinoma; MCF7 breast adenocarcinoma; PANC-1
pancreatic epithelioid carcinoma; and T24 bladder transitional cell
carcinoma. All cell lines were propagated in RPMI1640, supplemented
with 10% FBS; 2 mM L-glutamine; and 100 μg/ml Pen/Strep
(Biological Industries, Beit Ha-Emek, Israel), and incubated in 37°C,
5% CO2.

Botanical extracts and chemotherapies
The chemotherapy agent’s gemcitabine, paclitaxel, etoposide and

cisplatin were obtained from Sigma Aldrich Products (St. Louis, MO,
USA). Standardized dried herbal extracts were purchased from Bara
Herbs Ltd. (Yokneam, Israel). The formula was dissolved in PBS at a
concentration of 100 mg/ml, and incubated at 60°C for 30 minutes,
with occasional vortex. The solution was centrifuged at 5000 rpm for 5
minutes, and the supernatant filtered through a 0.45 µM Millex PVDF
filter (Millipore Ireland Ltd., Carrigtwohill, Ireland). Solubility was
estimated by cryophilization and weighting of the pellet and was
estimated to be at about 50%. For convenience, the final stock

concentration was designated at 100 mg/ml (w/v concentration of
dried powder in PBS).

Treatments and viability assay
Sulforodamine B, trichloroacetic acid, acetic acid was from Sigma

Aldrich (St. Louis, MO, USA). The cells were plated 3000/w over 96
well plates and allowed to attach and grow overnight. After that
treatments were added in triplicates and the cells were propagated for
an additional 72 h. SRB viability test was performed in the following
way: the cells were fixed for 1 h with 10% trichloroacetic acid (v/v in
RPMI1640), washed trice with DDW, dried and stained for 1 h with
0.057% sulforodamine B (w/v in 1% acetic acid). After staining, the
plates were washed three times with 1% acetic acid and then dried, and
200 µl 10 mM Tris was added to each well to solubilize SRB. The
absorbance was measured at 570 nm using ELISA reader. Each
experiment was repeated at least three times.

Statistical methods
The mean ± the standard deviation estimates were calculated for

each experiment and performed in triplicate. The data were collated
and analyzed in a Microsoft Excel 2007. P-value was calculated for
combined treatment compared to chemotherapy alone, using a
Student's t-test.

Results
Initially, each of the concentrations of drugs and botanical formula

were calibrated individually for each cell line, in accordance with the
sensitivity of each cell line. For each of the cancer cell lines, the
concentrations of the LCS101 and chemotherapy agents were selected
according to their individual dose-response curves, on the slope
between 0 (no response) and 100% (full response) plateaus. Each line
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was exposed to incremental concentrations of gemcitabine (Gem),
cisplatin (cis-PL), paclitaxel (taxol) and etoposide (VP-16), with a fixed
single dose of LCS101 for each cell line. The outcomes of the herb-drug
interaction for each cell line are shown in Figure 1. The addition of
LCS101 to conventional chemotherapy agents was shown to augment
the effects of the conventional treatment in all of the four tested cancer
cell lines.

Figure 1: Effects of LCS101 on chemotherapy-induced apoptosis:
Cancer cell cultures were treated for 72 h with incremental
concentrations of the chemotherapy agent’s gemcitabine (Gem),
etoposide (VP-16), taxol (Taxol) or cisplatin (cis-PL), either alone
or in combination with single fixed concentration of LCS101 (1
mg/ml for T-24, Panc-1 and A549, 0.75 mg/ml for MCF7). Cancer
cell viability was examined via SRB staining. Asterisks indicate p-
values of combined treatment vs. treatment with chemotherapy
alone (**- p<0.01, *- p<0.05).

Discussion and Conclusion
The use of herbal medicine by oncology patients during active

cancer care is widespread. Yet most patients do not disclose this
practice to their oncologists, either because they fear an antagonistic
response or because they are not asked [28]. The unmonitored use of
herbal medicine in the oncology setting can have significant
implications, as well as benefit, regarding patient safety and treatment
outcomes, and emphasizes the importance of an open and non-
judgmental patient-oncologist dialogue [29]. At the same time, there is
need for research to identify herb-drug interactions which can
compromise patient safety and affect conventional treatment
outcomes. This includes examining herb-drug interactions which, in
addition to impacting the pharmacodynamics of conventional drugs,
can also reduce the cytotoxic effects of a number of chemotherapy
agents.

The findings of the present study show that the botanical formula
LCS101 does not reduce the cytotoxic effects of the chemotherapy
agent’s cisplatin, paclitaxel (taxol), gemcitabine or etoposide, this in
four cancer cell lines – lung, breast, pancreatic and bladder. Instead,
the addition of LCS101 led to increased death of cancer cells to the
chemotherapy agents. These findings support those of a previous study,
in which the addition of LCS101 to doxorubicin and fluorouracil (5-

FU) led to an increased cytotoxic effect on breast cancer cell lines
(MCF-7, MDA-MB-231), while “protecting” non-tumorigenic human
epithelial breast cells (MCF-10A) from any harmful effects. These
effects were shown using 3 different methods: XTT viability assay, cell-
cycle analysis and Western blot [27]. These findings are encouraging,
though further research – both pre-clinical and clinical - is still needed
to further examine the use of LCS101 or other botanical compounds as
an adjunct to the conventional chemotherapy regimen.
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