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Abstract: Background: The increasing incidence of cancers and infectious diseases worldwide presents a significant
public health challenge that requires immediate intervention. Our strategy to tackle this issue involves the
development of pharmaceutical formulations that combine phytopolyphenols (P), targeted drugs (T), and metal
ions (M), collectively referred to as PTM regimens. The diverse pharmacological properties of PTM regimens are
hypothesized to effectively reduce the risk factors associated with both cancers and infectious diseases. Methods: The
effects of the pharmaceutical agents on the proliferation of cultured cancer cells and pathogens were assessed after
72 h and 48 h, respectively, using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay and
optical density at 600 nm (OD600). The synergistic effects of drug combinations were evaluated by combination
index (CI), where CI < 1 indicates synergism, CI = 1 indicates addition, and CI > 1 indicates antagonism. Efficacy
index (EI) was also calculated. Assays of efflux pump ATPase activities were conducted using a colorimetric method.
Results: This study evaluated the anticancer and antibacterial efficacy of PTM regimens that included
phytopolyphenols (specifically curcumin (C) and green tea polyphenols (G)), repurposed drugs (memantine (Mem),
thioridazine (TRZ), cisplatin (Cis), and 5-fluorouracil (5FU)), and ZnSO, (Zn) across three cultured cancer cell lines
and four cultured pathogens. The most effective regimens, GCeMemsZn and GC+TRZ«Zn, significantly enhanced the
anticancer efficacy (EI) of cisplatin across the three cancer lines (OECM-1, A549 and DLD-1) by 7, 11 and 21; 7, 9,
and 17 fold, respectively, while the enhancements for 5-fluorouracil were 5, 6 and 12; 5, 5 and 9 fold, respectively.
Furthermore, these PTM regimens demonstrated substantial synergistic inhibition of Na*-K'-Mg**-ATPase and
Mg**-ATPase in the cultured cancer cells, as well as a reduction in biofilm formation by the four cultured pathogens,
suggesting their potential to address the challenges of multidrug resistance in cancers and infectious diseases.
Conclusion: Given that all drugs incorporated in the PTM regimens have been clinically validated for safety and
efficacy, particularly regarding their synergistic selective anticancer efficacy, inhibition of efflux pump ATPase, and
antibiofilm formation of pathogens, these regimens may offer a promising therapeutic strategy to alleviate the severe
side effects and drug resistance typically associated with chemotherapeutic agents. Further preclinical and clinical

investigations are warranted.

Introduction

The global increase in multidrug-resistant cancers and
infectious diseases presents substantial challenges that
require immediate intervention [1]. Various risk factors
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associated with carcinogenesis include oxidative stress,
inflammation, immunodeficiency, mitochondrial
dysfunction, and gut dysbiosis [2]. In response to these
pressing issues, we have developed pharmaceutical
compositions that integrate phytopolyphenols (P), targeted
drugs (T), and metal ions (M), collectively termed PTM
regimens. These regimens are designed to prevent and
manage both cancers and infectious diseases.

Key findings related to PTM regimens highlight their
diverse pharmacological effects, which encompass: (1)
antioxidant properties; (2) anti-inflammatory effects; (3)

www.techscience.com/journal/or

Copyright © 2025 The Authors. Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:syshiau@csmu.edu.tw
https://www.techscience.com/journal/OR
https://www.techscience.com/
http://dx.doi.org/10.32604/or.2025.063717
https://www.techscience.com/doi/10.32604/or.2025.063717

1782
anticancer activity; (4) antibacterial properties; (5)
neuroprotection; and (6) mitochondrial and

immunomodulatory effects [3-5]. These regimens have been
recognized as innovative therapeutic strategies, resulting in
the issuance of five patents for their applications in
preventing and managing cancers and various chronic
diseases [6], including neurodegenerative diseases, dementia
[7], and chronic pain [8]. This study aims to explore the
synergistic anticancer and antibacterial effects of selected
PTM regimens.

The pharmacological agents utilized in this study include
phytopolyphenols (P), such as curcumin (C) and green tea
polyphenols (G); targeted drugs (T), including memantine
(Mem), thioridazine (TRZ), cisplatin (Cis), and
5-fluorouracil (5FU), as well as zinc sulfate (Zn). These
repurposed drugs have demonstrated clinical efficacy and
safety. Memantine is prescribed for dementia [9,10], while
thioridazine is indicated for neurodegenerative diseases
[11,12]; both cisplatin [13,14] and 5FU [15,16] are among
the most frequently employed chemotherapeutic agents.
However, these treatments can result in severe adverse
effects, including nephrotoxicity, neurotoxicity,
gastrointestinal disturbances, and oral mucositis, which
affects 60-80% of patients, as well as dysbiosis, potentially
leading to the discontinuation of chemotherapy [16,17].
Furthermore, the challenges posed by inherent or acquired
multidrug resistance are considerable.

The issue of multidrug resistance (MDR) in cancers and
infectious diseases represents a significant problem that
necessitates resolution. Recent studies have indicated that a
synergistic alternative strategy involving drug repurposing
may be effective in the treatment of cancers and infectious
diseases [18-20]. For instance, memantine combined with
high doses of vitamin D [21] or donepezil [22] has
demonstrated synergistic effects in the treatment of
Alzheimer’s disease. Similarly, thioridazine in conjunction
with antibiotics [11] or moxifloxacin [23] or tetracycline
[24] has been effective in treating drug-resistant infections
such as pulmonary tuberculosis or exhibiting synergistic
antibacterial effects, respectively. This suggests a promising
avenue for exploring the therapeutic potential of
combinatorial drug repurposing. In alignment with these
contemporary approaches, our study demonstrates the
synergistic effects and enhanced selectivity of novel PTM
regimens against cancers and infectious diseases, as
evidenced by experiments conducted on cultured oral
(OECM-1), lung (A549), and colon (DLD-1) cancer cells, as
well as on four cultured pathogenic biofilms. The potential
of PTM regimens to address the rising prevalence of cancers
and infectious diseases warrants further clinical investigation.

Materials and Methods

Drugs studied

Curcumin (C) (#8.20354) was purchased from Merck Co.
(Darmstadt, Germany). Green tea polyphenols, purified
from Camellia sinensis and containing 98% polyphenols
(75% catechins by HPLC and 50% EGCG by HPLC), similar
to polyphenol E, were obtained from Hunan Huacheng
Biotech, Inc. (China). ZnSO, (#204986), Cisplatin
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(#232120), memantine (#5.04905), and thioridazine
(#T9025) were sourced from Sigma Chemical Company (St.
Louis, MO, USA). 5-Fluorouracil was acquired from the
Department of Pharmacy at Chung-Shan Medical
University Hospital (Taichung, Taiwan).

Cell culture

The cell culture medium utilized was RPMI-1640 (#R8758),
along with necessary supplements, which were obtained
from Sigma (St. Louis, MO, USA). All culture media were
supplemented with heat-inactivated 10% fetal bovine serum
(FBS) sourced from either JRH Biosciences or Hyclone,
Thermo Scientific and penicillin (62.5 pg/mL)/streptomycin
(100 pg/mL). The following cell lines were utilized: SG
(Smulow-Glinckman human normal gingival epithelial
cells), OECM-1 (oral epidermoid carcinoma meng-1 cell),
A549 (ATCC No.CCL-185 human RAS mutated non-small
cell lung cancer cells), and DLD-1 (ATCC No. CCL-221
human p53 mutated colon cancer cells), all of which were
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA). The mycoplasma test of all these cell
cultures by ATCC revealed negative. All of the cell lines
were cultured in accordance with the supplier’s instructions.
Culturing was conducted in a CO, incubator maintained at
a concentration of 5% and a temperature of 37 + 0.5°C.

The culture of pathogens

The anaerobic pathogen Porphyromonas gingivalis (P.g.,
ATCC 33277) was cultured in Luria-Bertani (LB) broth
(#244620, Becton Dickinson, Sparks, MD) supplemented
with  hemin(#H9039) (5 pg/mL) and menadione
(#NC1528913) (1 ug/mL) (Sigma-Aldrich, St. Louis,
Missouri, USA). Streptococcus mutans (S.m., UA159, ATCC
700610) was cultured in Brain Heart Infusion (BHI) broth
(#256120, Becton Dickinson, Sparks, MD). Both P.g. and
UA159 exhibit growth at a temperature of 37 + 0.5°C within
an anaerobic chamber containing 10% H,, 5% CO,, and
85% N, (Forma Scientific Inc., Marietta, OH, USA).
Pseudomonas aeruginosa (P.a., ATCC 39327) was cultured
in LB, and Staphylococcus aureus (S.a., ATCC 33591) was
cultured in BHI. Both P.a. and S.a. exhibit growth at a
temperature of 37 + 0.5°C under aerobic conditions.

Anticancer and antibacterial potencies (ICs)

Cells were cultured in a 96-well microplate, with each well
containing 6 x 10 cells in 100 pL of medium. Following a
24-hour incubation period, 10 pL of the drug solution was
introduced into each well, and the cells were subsequently
incubated for an additional 72 h. Cell proliferation was
evaluated using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide) assay, with absorbance
measured at OD550 using a BioTek Epoch microplate
spectrophotometer (Agilent Technologies, Inc., Santa Clara,
CA, USA) [25].

Bacterial cultures were diluted to achieve an optical
density  (OD600) of 0.04-0.06, corresponding to
approximately 2 x 10® CFU/mL, and were then subcultured
in a 96-well microplate. The bacterial strains were diluted in
specific culture broths: Porphyromonas gingivalis (P.g.) in
LB medium supplemented with hemin and menadione,
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Streptococcus mutans (UA159) in brain heart infusion (BHI)
supplemented with 0.2% sucrose, Pseudomonas aeruginosa
(Pa) in LB, and Staphylococcus aureus (S.a.) in BHI
supplemented with 10% human plasma, with 100 pL per
well. Various concentrations of the drugs were added at
10 pL per well, and the cultures were incubated at 37 *
0.5°C for 48 h to facilitate biofilm formation. The
antibacterial efficacy of the drugs was assessed after the 48-h
incubation period by measuring OD600. The potency (ICs,
defined as the concentration required for 50% inhibition of
biofilm formation) was determined using the concentration-
inhibition curve as previously described [25].

Assay of ATPase activity

ATPase activities were assessed using a colorimetric method
as previously described [26]. Briefly, after treatment with
drugs for 72 h, the cells were incubated with the substrate
ATP for 15 min at 37 = 0.5°C. The released inorganic
phosphate (Pi) was quantified by measuring the optical
density at 630 nm (OD630) after a 10-min reaction with
malachite green-ammonium molybdate color reagents
(1 volume of 4.2% ammonium molybdate tetrahydrate
(#M1019, Merck, Darmstadt, Germany) in 4N HCI, added 3
volumes of 0.045% malachite green carbinol hydrochloride
(#213020, Merck, Darmstadt, Germany)). A standard curve
for Pi was established simultaneously.

Synergistic effect analysis
The synergistic effect (CI < 1) was calculated using the
combination index (CI) equation [27]:
(ICsp), in combination
(ICso), alone
(ICso)5 in combination
(ICsp)4 alone

(ICso), in combination

ClI =
(ICs0), alone

CI < 1, synergism; CI = 1, addition; CI > 1, antagonism
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The efficacy of anticancer or antibacterial effects was
determined using the efficacy index (EI):

(IC50)ulone

El = - ~alone
(ICSO)combination

EI > 1,synergism; EI = 1, addition; EI < 1, antagonism

Statistical analysis

All experiments were conducted in triplicate and repeated
three times (n = 3). The results for each experiment are
expressed as mean + standard error of the mean (SEM). A
one-way analysis of variance (ANOVA) followed by a post-
hoc t-test (Microsoft Excel, 2019) was utilized to evaluate
the differences among the groups. The statistical significance
of the differences was determined, with a significance
threshold established at p < 0.05.

Results

Anticancer effects

The anticancer efficacy, as indicated by the ICs, values, of the
drugs administered individually (A) and in combination with
PTM regimens (B) on cultured cancer cell lines (OECM-1,
A549, and DLD-1) was compared to their effects on normal
gingival epithelial cells (SG), as presented in Table 1 and
Fig. 1. Both C and GC demonstrated selective anticancer
properties, as evidenced by their ICsy values being lower in
cancer cells than in SG cells, whereas G and ZnSO, did not
exhibit this selectivity.

Table 1B and Fig. 2 illustrate the anticancer potency
(ICsp), synergistic interactions (CI < 1), and enhanced
efficacy (EI > 1) of the PTM regimens that included
memantine (Mem) and thioridazine (TRZ). The majority of
these regimens exhibited synergistic anticancer efficacy
(CI < 1) alongside increased efficacy (EI > 1). Notably, the
combination of GCeMem(TRZ)eZn displayed superior

TABLE 1

Anti-cancer potency (ICso") of drugs administered individually (A) and PTM regimens (B) on cultured cells

(A) Drug alone

"ICso (ug/mL; Zn**, uM)

Drugs SG OECM-1 A549 DLD-1

C, Curcumin 2159 +28.1 195.2 + 30.3 137.9 + 24.9 823 £ 109
G, Green tea polyphenol 176.4 +20.2 2184 + 14.6 182.6 + 20.9 178.0 £ 19.9
Zn, ZnSO, 267.8 £7.9 405.1 £ 15.9 561.8 £ 12.8 295.0 £ 19.8
Cis, Ciaplatin 6.5+ 0.4 58+ 0.5 10.1 £ 0.8 84+ 1.0
5FU, 5-Fluorouracil 31+03 43+03 35+03 3603
Mem, Memantine 552 +28 115.6 + 7.8 108.4 + 6.6 61.7 £ 3.8
TRZ, Thioridazine 8.4 +0.8 11.7 £ 1.3 10.6 = 1.3 92+1

(Continued)
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Table 1 (continued)

(A) Drug alone

"ICso (ug/mL; Zn>*, uM)

Drugs SG OECM-1 A549 DLD-1

ICs0, the concentration (ug/mL) required for 50% inhibition of the growth of cultured cells. SG, Gingival epithelial cell; OECM-1, Oral
cancer cell; A549, Lung cancer cell; DLD-1, Colon cancer cell.
(B) PTM regimens

Drugs SG OECM-1

ICso (pg/mL; Zn>*, uM) CI' EIf  1Cs (ug/mL; Zn**, uM) CI EI
GeC 98.1 £ 10.9¢98.1 + 10.9 1.0 49.5 + 5.9¢49.5 £ 5.9 0.5
GeCsZn 54.6 + 4.1e54.6 + 4.1018.2 + 1.4 0.6 49.0 £ 3.9¢49.0 £ 3.9¢16.3 + 1.3 1.0
CeMemeZn 23.9 + 1.4e23.9 + 1.448.0 + 0.5 0.6 2% 458 +4.3e458 + 434153 + 1.4 0.7 3*
CoTRZeZn 23.1 £2.602.3 + 0.3¢7.7 £ 0.9 0.5 4% 353 %2635+ 03118 %09 06 3%
GeCoeMemeZn 314 + 1.5631.4 + 1.5¢31.4 + 1.5s10.5 £ 0.5 0.9 2%  26.6+ 1.526.6 + 1.5¢26.6 + 1.5689 + 0.5 0.8  4*
GeCoTRZeZn  29.1 + 1.3629.1 + 1.302.9 + 0.1:9.7 + 0.4 0.7 3 309 %24¢30.9 £24e3.1 £0.2.103£08 09 4
Drugs A549 DLD-1

ICso (pg/mL; Zn**, uM) CI  El  ICs (ug/mL; Zn**, uM) CI EI
GeC 583 + 6.8¢58.3 + 6.8 0.7 48.8 + 5.2048.8 + 52 0.9
GeCeZn 97.6 + 8.4097.6 + 8.4¢32.5 + 2.8 1.7 59.7 + 4.5059.7 + 4.5¢19.9 £ 1.5 1.3
CeMemeZn 66.5 + 4.9466.5 + 4.9¢22.1 + 1.6 L1 2% 189+ 134189 £ 1.346.3 + 0.4 0.6 3*
CeTRZsZn 423 + 41042 + 040141 + 1.4 0.8 3* 175+ 1.5s1.7 + 0.1s58 £+ 0.5 0.5 5*
GeCeMemeZn 350 +2.1635.0 + 2.1635.0 £ 2.111.7 £ 0.7 0.9 3* 357 % 2.6e35.7 £ 2.6e35.7 + 2.6s11.9 £ 0.9 1.4 2*
GeCeTRZsZn 30.8 + 1.7030.8 + 1.7¢3.1 £ 0.2¢10.3 + 0.6 08 3%  162%1.30162 + 1.361.6 £ 0.1e54 + 0.4 0.5 6*

CI (combination index) and *EI (efficacy index) were calculated using the equations described in the Methods section. EI of Mem
or TRZ in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.

selective and synergistic anticancer effects compared to the
administration of Mem or TRZ alone.

Moreover, these PTM regimens significantly enhanced
the selective anticancer efficacy of Cisplatin (Cis) and
5-Fluorouracil (5FU) in a synergistic manner (CI < 1), as
detailed in Table 2 and Fig. 3. The most effective regimens,
GCeMemeZn and GCeTRZ+Zn, significantly enhanced the
anti-cancer efficacy (EI) of Cis across the three cancer lines
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FIGURE 1. Anti-proliferative potencies (ICs) of drugs administered
individually on cultured cells. C, curcumin; G, green tea polyphenols;
GC, green tea polyphenols and curcumin combination. SG, gingival
epithelial cell; OECM-1, oral cancer cell; A549, lung cancer cell;
DLD-1, colon cancer cell.

(OECM-1, A549 and DLD-1) by 7, 11 and 21 (Table 2A
and Fig. 3B); 7, 9, and 17 fold, respectively, while the
enhancements for 5FU were 5, 6 and 12; 5, 5 and 9 fold,
respectively (Table 2B and Fig. 3D). Similarly, the
CeMemeZn combination yielded increases of 7, 11 and 12
fold efficacy of Cis (Table 2A and Fig. 3A) and 7, 7, and 12
fold in the efficacy of 5FU against the same cancer cell lines
(Table 2B and Fig. 3C).

ATPase inhibitors on cancer cell lines
Table 3 presents the inhibitory effects of various
pharmacological agents on Na'-K*-Mg**-ATPase (A) and
Mg**-ATPase (B) activities in cultured cancer cells. Analysis
of ICs values indicates that all tested agents, including G,
Zn, 5FU, Mem, and TRZ, exhibited selective inhibition of
Na*-K'-Mg**-ATPase activity in DLD-1 cells. In contrast,
only G and TRZ demonstrated selective inhibition in
OECM-1 cells, while G and 5FU were effective in A549
cells. Conversely, all agents, with the exception of 5FU and
Mem, selectively inhibited Mg**-ATPase activity in OECM-
1 cells, but not in DLD-1 cells. Additionally, C and TRZ
selectively inhibited Mg**-ATPase activity in A549 cells.
Notably, the novel combination regimens of C(GC)
eMem(TRZ)sZn exhibited a synergistic enhancement
(CI < 1) of selective anti-ATPase efficacy (EI > 1) for Cis
and 5FU against both Na*-K*-Mg”*ATPase (Table 4, Fig. 4)
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FIGURE 2. Anti-proliferative potencies (ICso) of Mem (memantine), CMemZn and GCMemZn (A) and TRZ (thioridazine) (B), CTRZZn and
GCTRZZn on cultured cells. *p < 0.05.

TABLE 2

PTM regimens synergistically enhance (CI < 1) selective anticancer efficacy (EI > 1) of cisplatin (A) and 5-fluorouracil (B) on cultured

cancer cells

(A) Cisplatin

Drugs SG OECM-1

ICso (pg/mL; Zn?*, uM) CI EI' ICsy (ug/mL; Zn**, uM) C1 EI
CeCiseZn >100e3.3¢33.3 1.1 2 90.6 + 8.5¢3.0 + 0.3¢30.2 £ 2.8 1.1 2*
CeMemeZneCis 20.3 + 1.1020.3 + 1.16.8 + 0.4¢0.7 + 0.04 0.6 9% 23.1 £2.0e23.1 £ 2.0¢7.7 £ 0.740.8 + 0.07 0.5 7*
CeTRZeZne«Cis 21.1 £ 1.0e2.1 £ 0.1¢7.0 + 0.3¢0.7 = 0.03 0.5 9% 22.8 +£1.302.3 £ 0.1e7.6 + 0.4¢0.8 + 0.04 05 7*
GeCeCiseZn 49.8 + 3.4¢49.8 + 3.401.7 £ 0.1616.6 £+ 1.1 0.8 4* 45.0 £ 3.7¢45.0 £ 3.7¢1.5 + 0.1e15.0 + 1.2 1.2 4*
GeCeMemeZnsCis 232 + 1.7623.2 + 1.7623.2 £ 1.7:7.7 £ 0.660.8 0.8 8 23.1 £ 1.6+23.1 + 1.6s23.1 + 1.6¢7.7 £ 0.5:0.8 0.8 7*

+ 0.06 + 0.05
GeCoTRZeZnoCis  23.9 + 2.0023.9 % 2.002.4 + 0.268.0 + 0.66+0.8 0.7 8% 23.1 + 1.9923.1 + 1.962.3 + 0.19+7.7 % 0.64:0.8 0.8 7*

+ 0.07 + 0.06
Drugs A549 DLD-1

ICso (ug/mL; Zn?*, uM) Cl EI' ICs, (ug/mL; Zn?*, uM) Cl EI'
CeCiseZn >100e3.3¢33.3 1.1 3* 88.8 £ 6.12.9 £ 0.2¢29.6 £ 2.0 1.5 3*
CeMemeZneCis 26.1 £ 1.5¢26.1 £ 1.5¢8.7 + 0.5¢0.9 = 0.05 0.5 11* 11.7 £ 0.6¢11.7 £ 0.6¢3.9 £ 0.2¢0.4 + 0.02 04 21*
CeTRZeZnCis 26.1 + 0.9¢2.6 + 0.09¢8.7 + 0.3¢0.9 + 0.03 0.5 11* 19.9 £ 1.162.0 £ 0.16.6 + 0.4¢0.7 + 0.04 0.6 12*
GeCeCiseZn 69.3 + 6.4¢69.3 + 6.4¢2.3 + 0.2¢23.1 £ 2.1 1.5 4  50.1 £ 5.8¢50.1 £ 5.8¢1.7 £ 0.2¢16.7 = 1.9 1.3 5*
GeCeMemeZneCis 26.3 £ 1.9¢26.3 £ 1.9¢26.3 + 1.9¢8.8 + 0.6¢0.9 0.8 11* 11.5 £ 0.8¢11.5 + 0.8¢11.5 + 0.8¢3.8 + 0.6¢0.4 0.5 21*

+0.06 +0.03
GeCeTRZeZneCis 31.6 + 2.0631.6 + 2.0e3.2 £ 0.2¢10.5 £ 0.7s1.1 1.0 9* 149 + 1.5¢14.9 + 1.5¢1.5 £ 0.155.0 £ 0.5:0.5 0.5 17*

+0.07 +0.05
'EI of Cis in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.

(B) 5-Fluorouracil
Drugs SG OECM-1
ICso (ug/mL; Zn**, uM) CI EI' ICso (ug/mL; Zn**, uM) c1 Er

Ce5FUeZn 22.1 £ 0.98¢0.7 + 0.03¢7.4 £ 0.3 04 4* 33.8+£35e1.1+0.1e11.3£1.2 0.5 4*
CeMemeZne5FU 11.0 + 0.6¢11.0 £ 0.6¢3.7 + 0.2¢0.4 + 0.02 0.4 8% 18.9 £ 1.4¢18.9 £ 1.4¢6.3 £ 0.5¢0.6 + 0.05 04 7*
CeTRZeZne5FU 12.8 £ 0.6¢1.3 £ 0.06¢4.3 £ 0.2¢0.4 £ 0.02 0.4 8% 19.9 £ 1.3¢2.0 £ 0.13¢6.6 + 0.4¢0.7 + 0.04 05 6*
GeCe5FUeZn 23.7 £ 1.7623.7 £ 1.7+0.8 £ 0.06¢7.9 £ 0.6 0.5 4% 45.0 £2.9¢45.0 £ 2.9¢1.5 £ 0.1¢15.0 £ 1.0 1.3 3*

(Continued)
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Table 2 (continued)

(B) 5-Fluorouracil

Drugs SG OECM-1
ICso (ug/mL; Zn**, uM) CI EI' ICso (ug/mL; Zn**, uM) CI EI
GeCeMemeZne5FU 16.1 + 1.6¢16.1 + 1.6¢16.1 + 1.6¢5.4 + 0.560.5 0.6 6* 24.8 + 1.6024.8 + 1.6024.8 + 1.6¢8.3 + 0.5¢0.8 0.9 5*
+0.05 +0.05
GeCeTRZeZne5FU  15.6 + 1.4¢15.6 + 1.4¢1.6 + 0.14¢5.2 + 0.45¢0.5 0.5 6* 24.7 + 2.0e24.7 + 2.0e2.5 + 0.2¢8.2 + 0.65¢0.8 0.9 5*
+0.05 +0.07
Drugs A549 DLD-1
ICso (ug/mL; Zn?*, uM) CI EI' ICso (ug/mL; Zn**, uM) CI EI'
Ce5FUeZn 37.9 + 2.1¢1.3 + 0.07¢12.6 + 0.7 0.7 3* 32.1 +3.6e1.1 +0.12610.7 + 1.2 0.7 3*
CeMemeZne5FU  15.9 + 1.0015.9 + 1.0¢5.3 + 0.3+0.5 + 0.03 0.4 7% 9.1+ 0.5¢9.1 + .5¢3.0 + 0.2¢0.3 £ 0.02 0.4 12*
CeTRZeZne5FU 16.1 + 1.0¢1.6 + 0.1e5.4 + 0.3+0.5 + 0.03 0.4 7% 135+ 1.1e1.3 + 0.11e4.5 + 0.4¢0.4 + 0.04 0.4 9%
GeCe5FUeZn 46.2 + 2.8046.2 + 2.8¢1.5 + 0.09¢15.4 + 0.9 1.2 2% 3124270312 +2.7¢1.0 + 0.09410.4 + 0.9 0.9 4*
GeCeMemeZne5FU 17.6 + 1.5¢17.6 + 1.5¢17.6 = 1.5¢5.9 £ 0.560.6 0.6 6* 9.9+ 0.9¢9.9 £ 0.9¢9.9 + 0.943.3 +0.3¢0.3 £ 0.03 0.5 12*
+0.05
GeCeTRZeZne5FU 222 + 2.0622.2 + 2.062.2 + 0.2067.4 + 0.67¢0.7 0.8 5% 12,5+ 1.2¢12.5 + 1.2¢1.3 + 0.12¢4.2 + 0.460.4 0.5 9*
+0.07 +0.04

YEI of 5FU in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.
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FIGURE 3. PTM regimens synergistically enhanced selective anticancer effects of cisplatin (Cis, A, B) and 5-fluorouracil (5FU, C, D) on
cultured cells. *p < 0.05.

and Mg**-ATPase (Table 5, Fig. 5) in the aforementioned increased the inhibitory efficacy of Cis on Na*-K'-Mg?
cancer cell lines. Among these combinations, the most *-ATPase (Table 4A) and 5FU (Table 4B) by 4-7 and 9-15
effective regimen of GCeMem(TRZ)eZn significantly  fold, respectively. Furthermore, the enhancements observed
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TABLE 3

Potencies (ICso) of ATPase inhibition by drugs administered individually on cultured cells. (A) Na*-K*-Mg>*-ATPase inhibition; (B)
Mg**-ATPase inhibition

(A)

ICso (ug/mL; Zn>*, uM)

Drugs SG OECM-1 A549 DLD-1

C, Curcumin 33.8+23 587 +7.4 323.6 £ 15.6 200.6 + 23.5

G, Green tea 80.8 + 2.4 50.8 + 2.5 66.1 + 4.5 58.5 % 3.0

polyphenol

Zn, ZnSO, 321.5 + 36.5 396.9 + 30.2 426.1 + 43.0 299.1 + 36.6

GeC 62.2 £ 7.0062.2 £ 7.0 53.3 £ 3.2e53.3 £ 3.2 75.0 £ 8.4¢75.0 £ 8.4 69.2 £ 6.8069.2 £ 6.8
GeCeZn 413 +1.9041.3 £1.9013.7 & 22.7 £ 2.8e22.7 £2.8e75% 63.0 +3.4063.0 £ 3.4¢21.0 £ 34.9 £2.1e34.9 + 2.1e11.6 =

0.6

0.9

1.1

0.7

Cis, Ciaplatin 2.6 0.9 33+£0.6 46 +1.3 39+05
5FU, 5-Fluorouracil 5.2 +0.3 108 £ 1.1 40 +0.2 44+0.2
Mem, Memantine 61.1 £4.0 105.8 £+ 94 814 +£76 55,6 £5.2
TRZ, Thioridazine 7+0.7 75+ 1.0 102+ 14 7.7 +0.3
(B)
ICso (ug/mL; Zn*, uM)
Drugs SG OECM-1 A549 DLD-1
C, Curcumin 67.1 £55 62.0 £ 5.8 170.5 + 16.4 323.8 + 15.0
G, Green tea 88.9 £ 55 80.9 £ 8.5 105.1 + 124 1339 £ 9.0
polyphenol
Zn, ZnSOy, 248.6 + 19.2 2444 + 23.1 310.1 + 19.9 293.6 + 15.7
GeC 70.5 £ 6.7¢70.5 = 6.7 432 £4.5432 £ 4.5 60.7 £ 9.6¢60.7 £ 9.6 52.0 £ 5.1¢52.0 £ 5.1
GeCeZn 31.0 £ 2.3¢31.0 £ 2.3¢10.3 + 23.6 £ 1.6023.6 + 1.6¢7.9 £ 61.5 £ 4.9¢61.5 £ 4.9¢20.5 = 30.5 + 1.9¢30.5 + 1.9¢10.2 +
0.8 0.5 1.6 0.6
Cis, Ciaplatin 3408 3.5+0.8 53+0.8 53+0.8
5FU, 5-Fluorouracil 6.4 + 0.6 165+ 1.2 9.8 + 0.5 9.9 + 0.8
Mem, Memantine 552 +34 679 £ 25 68.7 £ 2.5 69.3 £ 6.8
TRZ, Thioridazine 8.8 +0.9 8.6+ 1.1 7.9 £ 0.9 135+ 1.3

TABLE 4

PTM regimens enhance potency (ICs), synergism (CI < 1), and efficacy (EI) of Na*-K*-Mg>*-ATPase inhibition induced by cisplatin (A)
and 5-fluorouracil (B) on cultured cells.

(A)
Drugs SG OECM-1
ICso (ug/mL; Zn*, uM) CI EI' ICsp (ug/mL; Zn**, uM) CI EI'

CeCiseZn 354 + 1.9¢1.2 + 0.06¢11.8 + 0.6 1.5 2% 337 +22¢1.1 £0.07¢11.2 £ 0.7 0.9 3*
CeMemeZneCis  18.6 + 1.1018.6 + 1.106.2 + 0.4+0.6 + 0.04 1.1 4% 262+ 2.0626.2 + 2.0¢8.7 £ 0.740.9 + 0.07 1.0 4*
CeTRZ+ZneCis 19.3 + 1.0¢1.9 + 0.1¢6.4 + 0.3+0.6 + 0.03 1.1 4% 193 + 1.4¢1.9 + 0.14¢6.4 + 0.5¢0.6 + 0.05 0.8 6
GeCeCiseZn 38.0 + 2.0038.0 + 2.0e1.3 + 0.07+12.7 + 0.7 12 2% 512 +3.6051.2 + 3.6e1.7 + 0.1417.1 + 1.2 15 2%
GeCeMemeZneCis 192 + 1.2¢192 + 120192 + 1.2¢6.4 + 0.4¢0.6 0.9 4* 144 +2.1¢144 + 2.1¢14.4 + 2.14.8 £ 0.760.5 0.6 7*

+ 0.04

+ 0.07

(Continued)
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Table 4 (continued)

(A)
Drugs SG OECM-1
ICso (ug/mL; Zn**, uM) CI EI' ICso (ug/mL; Zn**, uM) CI EI
GeCeTRZeZneCis 18.3 + 1.118.3 + 1.161.8 + 0.1166.1 + 0.460.6 0.8 4* 18.6 + 1.9¢18.6 + 1.9¢1.9 + 0.19¢6.2 * 0.6+0.6 0.8 6*
+0.04 + 0.06
Drugs A549 DLD-1
ICso (ug/mL; Zn*", uM) CI EI' ICs (ug/mL; Zn**, uM) cl Ert
CeCiseZn 83.8 +7.202.8 + 0.2027.9 + 2.4 0.9 2* 337 +3.3¢1.1 +0.1e11.2 + 1.1 0.5 4*
CeMemeZneCis 232 + 2.5023.2 + 2.5¢7.7 + 0.8+0.8 + 0.08 0.5 6* 11.8 % 1.1e11.8 + 1.1e3.9 + 0.4¢0.4 + 0.04 0.4 10*
CoTRZeZneCis  28.6 + 2.002.9 + 0.2¢9.5 + 0.7+0.95 + 0.07 0.6 5% 27.3 % 17627 % 0.179.1 £ 0.6¢0.9 + 0.06 0.7 4*
GeCsCiseZn 68.4 + 7.6068.4 + 7.602.3 + 0.3022.8 + 2.5 15 2% 457 + 4.6045.7 + 4.6¢1.5 £ 0.2¢152 + 1.5 1.1 3*
GeCeMemeZneCis 25.0 + 0.8¢25.0 + 0.8425.0  0.848.3 + 0.360.8 0.8 6* 18.6 + 1.6018.6 + 1.6¢18.6 + 1.6¢6.2 + 0.5¢0.6 0.8 7*
+0.03 +0.05
GeCoTRZeZneCis 24.5 + 170245 + 17624 + 0.17¢8.2 £ 0.6¢0.8 0.8 6* 22.0  2.1s22.0 + 2.1s2.2 + 0.21e7.3 £ 0.7¢0.7 0.8 6*
+0.06 +0.07
'EI of Cis in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.
(B)
Drugs SG OECM-1
ICso (ug/mL; Zn**, uM) CI EI' ICsq (ug/mL; Zn>*, uM) c1 Er
Ce5FUsZn 28.1 + 1.440.9 + 0.05¢9.4 + 0.5 1.0 6* 23.6 % 1.440.8 + 0.05¢7.9 + 0.5 0.5 14*
CeMemeZne5FU 142 + 0.6014.2 + 0.604.7 + 0.240.5 + 0.02 0.8 10* 20.4 + 2.5620.4 + 2.5¢6.8 + 0.8¢0.7 + 0.08 0.6 15*
CeTRZeZne5FU  11.1 £ 0.7¢1.1 + 0.07+3.7 + 0.2¢0.4 + 0.02 0.6 13* 16.7 = 1.5¢1.7 % 0.1565.6 + 0.5¢0.6 + 0.05 0.6 18*
GeCe5FUeZn 26.8 + 1.2626.8 £ 1.260.9 + 0.04+8.9 + 0.4 0.6 6% 22.2%0.9¢222 % 0.940.7 + 0.03¢7.4 + 0.3 0.5 15*
GeCoMemeZne5FU 15.0 £ 1.0¢15.0 + 1.0e15.0 + 1.0¢5.0 + 0.3¢0.5 0.6 10* 202 + 1.9420.2 + 1.9¢20.2 + 1.9¢6.7 + 0.6+0.7 0.7 15*
+0.03 +0.06
GeCoTRZeZne5FU  17.0 % 1.0017.0 + 1.001.7 #+ 0.165.7 + 0.360.6 0.6 9* 23.1 + 1.7623.1 + 1.7¢2.3 £ 0.17¢7.7 + 0.6+0.8 0.8 14*
+0.03 +0.06
Drugs A549 DLD-1
ICso (ug/mL; Zn?*, uM) CI EI' ICso (ug/mL; Zn**, uM) CI EI'
Ce5FUsZn 33.6 + 2.601.1 + 0.09¢11.2 + 0.9 0.4 4% 26.1 +3.000.9 +0.1s8.7 + 1.0 0.4 5*
CoMemeZne5FU  17.8 % 1.5017.8 + 1.565.9 + 0.5¢0.6 + 0.05 0.4 7% 147 £0.7014.7 + 0.704.9 + 0.240.5 + 0.02 0.5 9*
CeTRZeZne5FU  19.8 + 1.362.0 + 0.1346.6 + 0.440.7 + 0.04 0.4 6* 159 + 1.1e1.6 + 0.1165.3 + 0.440.5 + 0.04 0.4 9*
GeCe5FUeZn 27.0 + 2.1627.0 % 2.10.9 + 0.07¢9.0 + 0.7 0.6 4* 20.0 + 1.9¢20.0 = 1.940.7 + 0.06¢6.7 + 0.6 0.5 6*
GeCoMemeZne5FU 22.1 + 1.422.1 + 1.4022.1 + 1.4¢7.4 + 0.5¢0.7 0.8 6* 16.1 +0.7¢16.1 + 0.7016.1 + 0.7¢5.4 + 0.2:0.5 0.7 9*
+0.05 +0.02
GeCeTRZeZne5FU  23.4 + 1.3623.4 + 1.362.3 + 0.13¢7.8 + 0.4e0.8 0.8 5* 14.8 + 1.0614.8 = 1.0s1.5 + 0.1649 + 0.3¢0.5 0.5 9*
+0.04 +0.03

YEI of 5FU in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.

for Mg**-ATPase inhibition by Cis (Table 5A) and 5FU
(Table 5B) were greater than 3-9 and 10-33 fold,
respectively. The superior selective inhibitory effects of
GCeMem (TRZ)eZn agents to those of CeMem (TRZ)eZn
(Fig. 4A,C and Fig. 5A,C) are clearly illustrated (Fig. 4B,D,
and Fig. 5B,D).

Antibacterial Effects
As indicated in Table 6A, the antibacterial effects of the drugs
administered alone against four cultured pathogenic biofilms

were predominantly weak, with the exception of Cis on
Pseudomonas aeruginosa (P.a.), 5FU on Streptococcus
mutans (UA159) and P.a., and TRZ on Porphyromonas
gingivalis (P.g.), UA159, and Staphylococcus aureus (S.a.),
respectively. In contrast, the combination regimens
involving Mem or TRZ demonstrated predominantly
synergistic antibacterial effects (CI < 1), with efficacy index
(EI) increasing by factors of 2-3, 5-6,6-58 and 4-10 on P.g,,
UA159, P.a,, and S.a., respectively (Table 6B). Notably, these
combination  regimens  significantly augmented  the
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PTM regimens enhance potency (ICs,), synergism (CI < 1), and efficacy (EI) of Mg2+—ATPase inhibition induced by cisplatin (A) and 5-
fluorouracil (B) on cultured cells.

(A)

Drugs SG OECM-1

ICso (ug/mL; Zn**, uM) CI EI' ICso (ug/mL; Zn**, uM) CI EI'
CsCiseZn 84.5 + 2.602.8 + 0.09428.1 + 0.9 22 1  59.8+3.262.0+0.1019.9 + 1.1 16 2*
CeMemeZneCis  27.8 + 2.8¢27.8 % 2.849.3 + 0.940.9 + 0.09 12 4% 245 +3.0024.5 + 3.008.2 * 1.00.8 + 0.1 1.0 4*
CeTRZeZneCis  24.0 + 1.22.4 + 0.1248.0 + 0.4+0.8 + 0.04 0.9 4% 357 +4.103.6 £ 0.41e11.9 + 1.401.2 + 0.14 14 3*
GeCsCissZn 57.2 + 2.8¢57.2 + 2.8¢1.9 + 0.09¢19.1 £ 0.9 14 2% 42.0 £ 2.7¢42.0 + 2.701.4 + 0.09¢14.0 = 0.9 14 3*
GeCoMemeZnsCis 39.0 + 3.4039.0 + 3.4039.0 + 3.4013.0 + 1.1e1.3+ 1.7 3% 23.8+27e23.8+27e23.8+ 2767909408+ 12 4*

0.11 0.09
GeCoTRZeZneCis 13.2 + 0.9¢13.2 + 0.9¢1.3 + 0.09¢4.4 + 0.3¢0.4 0.5 9* 16.8 + 1.2016.8 + 1.2¢1.7 £ 0.1265.6 + 0.460.6 0.8 6*

+0.03 +0.04
Drugs A549 DLD-1

ICso (ug/mL; Zn*, uM) CI  EI' ICsy (ug/mL; Zn**, uM) C1 EI
CeCiseZn >10003.33433.3 >1.3 <2 672+ 6.4e2.2 + 020224 + 2.1 0.7 2*
CeMemeZneCis  36.4 + 3.1e36.4 + 3.1012.1 + 1.0¢1.2 £ 0.1 1.0 4% 233 % 17233 + 1.747.8 + 0.60.8 + 0.06 0.6 7*
CeTRZeZneCis  26.3 + 2.8¢2.6 + 0.28¢8.8 + 0.9¢0.9 + 0.09 0.7 6 31.8+ 1.503.2 % 0.15¢10.6 % 0.5¢1.1 % 0.05 0.6 5*
GeCeCiseZn 59.1 + 4.6¢59.1 + 4.602.0 + 0.2¢19.7 + 1.5 14 3% 454 +33e454 % 33015+ 0.1e15.1 = 1.1 12 4%
GeCeMemeZneCis 28.8 + 1.9¢28.8 + 1.9428.8 + 1.9¢9.6 + 0.6e1.0 1.1 5% 23.0 + 1.1e23.0 + 1.1e23.0 + 1.1s7.7 + 0.4¢0.8 1.0 7*

+ 0.06

+ 0.04

(Continued)
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Table 5 (continued)

Drugs A549 DLD-1
ICso (pg/mL; Zn®*, uM) CI EI' ICsy (ug/mL; Zn**, uM) cr Er
GeCoTRZeZneCis 21.8 £ 1.2e21.8 + 1.2e2.2 + 0.1267.3 £ 0.4¢0.7 0.8 8* 17.6 £ 1.5¢17.6 = 1.51.8 + 0.15¢5.9 £ 0.5¢0.6 0.6 9*
+0.04 +0.05
TEI of Cis in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.
(B)

Drugs SG OECM-1

ICso (ug/mL; Zn?*, uM) CI EI' ICsy (ug/mL; Zn**, uM) cr Er'
C+5FU+Zn 46.0 + 1.5¢1.5 + 0.05¢15.3 = 0.5 1.0 4* 384 +2.3¢1.3 £ 0.08.12.8 + 0.8 0.8 13*
CoeMemeZne5FU  17.0 £ 0.8¢17.0 £ 0.8¢5.7 % 0.340.6 + 0.03 0.7 11 221 +22622.1  2.2¢7.4 + 0.7+0.7 £ 0.07 0.8 24
CoTRZeZne5FU 9.5 £ 0.300.95 + 0.03+3.2 £ 0.10.3 % 0.01 0.3 21 172 £2.9¢1.7 £ 0.29¢5.7 + 1.060.6 £ 0.1 0.5 28
GeCe5FUsZn 37.1 + 1.1e37.1 + 1.1e1.2 + 0.04¢12.4 + 0.4 0.8 5% 33.1 +1.6e33.1  1.6e1.1 + 0.05¢11.0 + 0.5 0.9 15*
GeCoMemeZne5FU >2002002006.740.67 0.8 10 16.0 % 1.6016.0 + 1.6+16.0 + 1.6+5.3 £ 0.5¢0.5 £ 0.7 33

0.05

GeCeTRZeZne5FU  10.1 # 0.9¢10.1 + 0.9¢1.0 + 0.09¢3.4 + 0.360.4 0.3 16 158 + 1.1s15.8 + 1.1e1.6 + 0.11s5.3 + 0.4¢0.5 0.6 33

+0.03 +0.04
Drugs A549 DLD-1

ICso (ug/mL; Zn**, uM) CI EI' ICsq (ug/mL; Zn>*, uM) CI EI'
C+5FU+Zn 62.1 £ 2.9¢2.1 + 0.1:20.7 £ 1.0 0.6 5% 358 £2.001.2 £ 0.07+11.9 £ 0.7 0.3 8
CoMemeZne5FU  23.5 + 1.1s23.5  1.1s7.8 + 0.4+0.8 + 0.04 0.6 12* 11.0 £ 1.1s11.0 # 1.1s3.7 + 0.4+0.4 + 0.04 0.2 25*
CeTRZeZne5FU  25.8 + 2.4¢2.6 + 0.24+8.6 + 0.8+0.9 + 0.08 0.6 11* 10.1 £ 0.4¢1.0 % 0.04+3.4 + 0.1+0.3 + 0.01 0.1 33*
GeCs5FUsZn 434 + 22434 +2.2¢1.4 £ 0.07014.5 £ 0.7 0.9 7* 26.6 = 1.4¢26.6 + 1.40.9 + 0.05¢8.9 £ 0.5 0.6 11*
GeCoMemeZne5FU 19.9 + 1.3019.9 + 1.3019.9 + 1.366.6 + 0.40.7 = 0.7 14* 11.6 % 1.1s11.6 + 1.1s11.6 + 1.13.9 + 0.4¢0.4 + 0.4 25*

0.04 0.04
GeCeTRZeZne5FU  16.7  1.3016.7 + 1.301.7 + 0.13¢5.6 + 0.460.6 0.6 16* 8.6 + 0.5¢8.6 + 0.5¢0.9 % 0.05¢2.9 + 0.240.3 0.3 33*

+0.04 +0.02

"EI of 5FU in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.

antibacterial efficacy of Cis, yielding increases of 14-24, 29-
77, 4-29, and 50-100 fold against P.g., UA159, P.a., and S.
a., respectively (Table 7A, Fig. 6A,B). Similarly, the efficacy
of 5FU was enhanced by factors ranging from 1264-1939,
4-12, 15-61, and 70-743 fold, respectively (Table 7B,
Fig. 6C,D).

Discussion

The increasing global incidence of cancer poses substantial
challenges that require immediate attention and innovative
solutions [2]. Carcinogenesis is influenced by a multitude of
risk factors, including oxidative stress, inflammation,
immunodeficiency,  and  gastrointestinal  dysbiosis.
Recognizing the pivotal role of chemoprevention in cancer
management, our research team has dedicated over thirty
years to exploring the chemopreventive properties of
phytopolyphenols [3,4]. Notably, novel combinations of
curcumin (C) and green tea polyphenols (G), such as GC,
have exhibited synergistic (CI < 1) and selective anticancer
and antibacterial effects (Tables 1B and 6B). Clinical trials
involving C and G, along with other tea polyphenols, have
indicated their potential utility in cancer prevention [28,29].

Among various cancer types, non-small cell lung cancer
and colon cancer are among the most prevalent worldwide,
while oral cancers present significant health challenges in
regions such as East Asia, India, and Taiwan [13,15,19]. In
the current study, both cisplatin (Cis) and 5-fluorouracil
(5FU), which are widely used chemotherapeutic agents,
demonstrated non-selective inhibition of growth in oral
(OECM-1), lung (A549), and colon (DLD-1) cancer cell
lines. However, the severe side effects associated with these
agents, including nephrotoxicity, neurotoxicity, and oral
mucositis—affecting  60%-80% of patients—substantially
impair quality of life and contribute to the discontinuation
of cancer therapies [16,17]. Therefore, the development of
novel regimens aimed at enhancing the selective anticancer
efficacy of Cis and 5FU would be highly beneficial for
patients suffering from these debilitating side effects.

In this study, we have demonstrated the synergistic
anticancer effects of PTM regimens on the three cancer cell
lines: oral cancer (OECM-1), non-small cell lung cancer
(A549), and colon cancer (DLD-1). Additionally,
preliminary experiments were conducted on SHSY5Y
neuroblastoma cells, GL261 glioma cells, MCF7 breast
cancer cells, and ARPE19 ocular epithelial cells, with the
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FIGURE 5. Potencies (ICs) of cisplatin (Cis, A, B) and 5-fluorouracil (5FU, C, D) on Mg2+—ATPase inhibition in cultured cells. *p < 0.05.

TABLE 6

Antibacterial potencies (ICs) of drugs administered individually on four cultured pathogenic biofilms.

(A) Drug alone

Drugs ICso (ug/mL; Zn**, uM)

P.g. UA159 P.a. S.a.
C,Curcumin 1229+ 7.9 251 £ 9.5 602.3 £ 11.3 2383 £11.3
G, Green tea polyphenol 125 + 12.7 446.5 + 18.5 183.9 +27.8 >1000
Zn, ZnSO, 501.0 + 41.6 1858.3 + 72.5 >3000 2035.4 + 229
Cis, Ciaplatin 449 + 34 >100 174 £ 23 >100
5FU, 5-Fluorouracil 2907.8 £ 97.1 9.7+ 14 49+ 2 223.0 £20.8
Mem, Memantine 1755 £ 11.2 478.5 £ 37.5 280.7 £ 22.8 457.7 £ 9
TRZ, Thioridazine 20 £ 0.5 24.5 £ 0.6 >300 35.6 + 5.6

(B) PTM regimens

Drugs P.g. UA159

ICso (ug/mL; Zn?*, uM) CI' EFf ICso (ug/mL; Zn*', uM) CI EI
GsC 92.7 + 7.0692.7 £ 7.0 1.5 95.5 + 4.5695.5 + 4.5 0.6
GeCeZn 85.7 + 7.2¢85.7 + 7.2¢26.3 + 2.1 1.0 55.5 + 1.5¢55.5 + 1.5¢16.5 + 0.5 0.6
CeMemeZn 59.6 + 4.9¢59.6 + 4.9¢18.6 + 1.4 0.9  3* 78+ 1078 + 10623 + 3 05 6*
CeTRZeZn 82.6 + 2.1e8.3 + 0.2¢26.3 + 0.8 11 2% 501 +1.2e5+0.1¢15.8 + 0.5 04 5*
GeCoMemeZn  67.6 + 5.7¢67.6 £ 5.7¢67.6 £ 570224 + 1.8 12 3* 782 + 66782 + 6+78.2 + 6426.1 £ 2.1 1 6*
GeCeTRZeZn 69 + 2.6069 + 2.6¢6.9 + 03623 + 0.9 1.1 3% 40.1 + 4.5¢40.1 + 4.5¢4.1 £ 050133+ 14 06 6

(Continued)
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Table 6 (contin

ued)

(B) PTM regimens

Drugs P.g. UA159

ICso (ug/mL; Zn**, uM) CI' EI* ICso (ug/mL; Zn>*, uM) CI EI
GeC 149 + 94149 + 9 1.1 132.5 + 3.50132.5 + 3.5 0.7
GeCeZn >100100#30 >0.7 70.5 + 1.5¢70.5 + 1.5¢21.5 + 0.5 0.6
CeMemeZn 43.7 £ 2.8¢43.7 £ 2.8¢13 + 1.0 02 * >100¢100¢33 >0.7  <5*
CeTRZ+Zn 91.1 + 5.6¢9.1 + 0.6627.3 + 1.7 02 3% 842+ 1283+ 036266+ 1.6 06 4
GeCeMemeZn  20.4 + 4.6020.4 + 4.6020.4 + 4,667 £ 1.4 02 4% 473 +43e473 + 43473 £ 434158 14 05  10*
GeCeTRZeZn  51.9 + 516519 + 51652 + 0.5¢17.3 £ 1.7 0.4  8*  57.9 + 157.9 + 1659 + 0¢19.4 + 0.2 06 6

P.g., Porphyromonas gingivalis; UA159, Streptococcus mutans; P.a., Pseudomonas aeruginosa; S.a., Staphylococcus aureus.'CI and *EI were
calculated using the equations described in the Methods section. EI of Mem or TRZ in each regimen is indicated. *The increased EI values are

statistically signifi

cants p < 0.05.

TABLE 7

Antibacterial potencies (ICs), synergism (CI < 1), and increased efficacies (EI) of various PTM regimens on four cultured pathogenic

biofilms
(A) Cisplatin

Drugs P.g. UA159

ICso (ug/mL; Zn**, uM) CI EI' ICs, (ug/mL; Zn®", uM) ClI EI
CeCiseZn 104.9 + 1.2¢3.2 £ 0.1324 £ 0.8 1.0 14* 88.1 £ 6.7¢2.7 £ 0.3¢27.1 + 2.6 04 37*
CeMemeZneCis 49 + 1.0¢49 £ 1.0016.5 £+ 0.5¢2 + 0 0.8 23* 975+ 7.5¢97.5 + 7.5¢32.5 £ 2.563.5 £ 0.5 0.6 29*
CeTRZeZneCis 55.6 £ 1.2¢5.6 £ 0.1e18.5 £ 0.4¢1.9 + 0.04 0.8 24* 494 + 1.664.9 + 0.2¢16.5 + 0.5¢1.6 + 0.1 04 63*
GeCeCiseZn 94.4 + 3.4¢94.4 + 3.4¢3.2 £ 0.1e31.5 £ 1.1 1.2 14* 50 +2.9¢50 £ 2.9¢1.9 + 0.1¢16.8 £ 1 0.6 53*
GeCeMemeZneCis 57.3 + 1.4¢57.3 + 1.4¢57.3 £ 1.4¢19.1 £ 0.5¢1.9 1.0 24* >6006006¢2002 >0.7 <50*

+ 0.05
GeCeTRZeZneCis >60e60e602002 >1.0 <23* 40.3 + 1.6040.3 + 1.6¢4 + 0.2¢13.4 + 0.5¢1.3 0.6 77*

+ 0.1

Drugs P.a. S.a.

ICso (ug/mL; Zn*>*, uM) CI EI ICs (ug/mL; Zn**, uM) Cl EI
CeCissZn >10003.3¢33 >0.4 <5* 62.1 +6.1s2.0 + 0.0:18.7 + 1.7 03 50
CeMemeZnsCis 126 + 184126 + 18442 * 604.5 + 0.5 0.9 4% 47+ 1447 % 14155 £ 0.562 + 0 0.3 50*
CoTRZeZneCis ~ >7507.502562.5 0.3 <7* >75¢7.502502.5 >0.6 <40*
GeCeCiseZn 32.7 £ 3.4¢32.7 £ 3.4¢1.0 £ 0.0¢109 + 1.1 0.3 17*% 33.0 £2.0e33.0 +£2.0¢1.0 £0.0¢11.0 1.0 0.3 100*
GeCeMemeZneCis 18.2 + 0.8¢18.2 + 0.8¢18.2 + 0.8¢6.1 £ 0.3¢0.6 £0.03 0.2 29* >60e600602002 >0.5 <50*
GeCeTRZeZneCis 27 + 1.1627 £ 1.162.7 £ 0.169 £ 0.4¢0.9 + 0.04 0.2 19* >60e60e6020s2 >0.7 <50*
TEI of Cis in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.

(B) 5-fluorouracil
Drugs P.g. UA159
ICso (ug/mL; Zn?*, uM) c1  Erf ICso (ug/mL; Zn**, uM) CI EI

Ce5FUeZn 66.6 £ 5.302.2 £ 0.222 + 1.7 0.6 1322* 78.6 £ 5.4¢2.6 + 0.2¢26 + 1.8 0.6 4%
CeMemeZne5FU 442 + 1.8044.2 £+ 1.8¢14.7 + 0.6¢1.5 £ 0.1 0.6 1939* 51.4 +2.6e51.4 + 2.6017.1 £0.9¢1.7 £ 0.1 0.5 6%
CeTRZeZne5FU 66.3 £ 2.5¢6.6 £ 0.3¢22.1 + 0.8¢2.2 + 0.1 0.9 1322* 31 £ 3.2¢3.1 £ 0.3¢10.3 £ 1.11.0 £ 0.1 04 10*
GeCe5FUeZn 64.5 £ 1.0664.5 + 1.0¢2.2 + 0.03¢21.5 + 0.3 0.7 1322* 35+ 2.5¢35 £ 2.5¢1.2 £ 0.1e11.7 £ 0.8 0.5 8*

(Continued)
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Table 7 (continued)
(B) 5-fluorouracil
Drugs P.g. UA159
ICso (ug/mL; Zn**, uM) C1 EIf ICso (ug/mL; Zn**, uM) CI EI
GeCeMemeZne5FU 70.3 + 4.4070.3 + 4.4070.3 + 440234 + 1,523 1.2 1264* 25.6 + 2.0025.6 + 2.0025.6 + 2.0¢8.5 + 0.7¢0.9 0.4 11*
+0.1 +0.1
GeCeTRZeZne5FU  >600600602002 >1.0 <1454* 24.2 + 0.8¢24.2 + 0.842.4 + 0.18.1 + 0.3¢0.8 0.4 12*
+0.03
Drugs P.a. S.a.
ICso (ug/mL; Zn**, uM) CI EI  ICsy (ug/mL; Zn**, uM) CI EI
Ce5FUeZn >10003.3¢33 >0.2 <15*% 14.9 + 2.8¢0.5 + 0.1e4.9 + 0.9 0.1 446*
CeMemeZne5FU 624 + 1.1662.4 + 1.1620.8 + 0.4¢2.1 £ 0.04 0.4 23* 964 + 0.3¢96.4 + 0.3¢32.1 + 0.132 £ 001 0.6 70*
CeTRZeZne5FU >7507.5¢2502.5 >0.2 <20* 7.7 +0.160.8 + 0.0162.6 + 0.04¢0.3 + 0.004 0.1 743*
GsCe5FUeZn 23.3 + 1.9¢23.3 + 1.9¢0.8 + 0.1¢7.8 + 0.6 02 61* 32.6+ 1.5632.6 + 1.5¢1 + 0410.7 £ 0.3 0.3 223%
GeCeMemeZne5FU 27.6 + 1.8027.6 + 1.8027.6 + 1.8¢9.2 + 0.660.9 0.3 54* 31.7 £ 3.6e31.7 + 3.6031.7 + 3.6010.6 + 1.2¢1.1 0.3 203*
+0.1 +0.1
GeCeTRZeZne5FU  49.6 + 1.5049.6 + 1.565.0 + 0.216.5 + 0.5¢1.7 0.4 29* 17.7 + 1.5¢17.7 + 1.5¢1.8 + 0.1e5.9 + 0.5¢0.6 0.2 372*

+ 0.1

+ 0.05

YEI of 5FU in each regimen is indicated. *The increased EI values are statistically significants p < 0.05.
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FIGURE 6. Antibacterial potency (ICsq) and synergism (CI < 1) of cisplatin (Cis, A, B) and 5-fluorouracil (5FU, C, D) on four cultured
pathogenic biofilms. P.g., Porphyromonas gingivalis, UA159, Streptococcus mutans, P.a., Pseudomonas aeruginosa and S.a., Staphylococcus

aureus. *p < 0.05.

former two cancer cell lines exhibiting particular sensitivity to
the anticancer effects of PTM regimens. We anticipate
conducting extensive experiments on additional cancer cell

lines. Furthermore, the four selected pathogens were
investigated in these experiments due to their significant
role in the pathogenesis of infectious diseases, including
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FIGURE 7. PTM regimens have potential antagonistic effects against the problem of multi-drug resistance in cancers and infectious diseases.
GeCeMem(TRZ)sZn encompass three major categories of drugs: phytopolyphenols (green tea polyphenols and curcumin), repurposed drugs
(memantine or thioridazine) and metal ions (ZnSO,). The novel PTM regimen can be combined with anticancer agents such as cisplatin and 5-
fluorouracil (5FU), with the aim of achieving synergistic effects on three cancer cell lines (oral cancer OECM-1, lung cancer A549 and
colorectal cancer DLD-1) as well as four pathogenic biofilms (Porphyromonas gingivalis, Streptococcus mutans, Pseudomonas aeruginosa
and Staphylococcus aureus). Certain icons are reproduced from Flaticon.com with permission.

periodontitis (P.g.), dental caries (UA159), pneumonia (P.a.),
and wound infections (S.a.), particularly in the context of
hospital-acquired infections. We collaborated with Drs.
Hong-Yunn Don and Tsai-Lin Yang from the National
Institute of Infectious Diseases and Vaccinology, National
Health Research Institute, Taiwan, to evaluate the
antibacterial effects of PTM regimens. Preliminary results
indicated that certain PTM regimens effectively inhibited
the proliferation of 43300 S. aureus (MRSA), 51299 E.
faecalis  (VRE), and multidrug-resistant strains of
Mpycobacterium  tuberculosis (TB) (KVGH 376 and
KVGH 264). We sincerely hope that PTM regimens can be
further explored in relation to a broader range of cancer
cells and pathogens.

In this study, the application of PTM regimens was
observed to synergistically enhance (CI < 1) the selective
anticancer efficacy of Cis and 5FU, thereby suggesting a
potentially effective therapeutic strategy. Specifically, the
optimal regimens of GCeTRZeZn increased the selective
anticancer efficacy of Cis by 7, 9, and 17 fold for OECM-1,
A549, and DLD-1 cell lines, respectively. In contrast, the
GCeMemeZn regimen enhanced the anticancer efficacy of
5FU by 5, 6, and 12 fold for the three cancer cell lines,
respectively. On the other hand, both GCeMemeZn and
GCeTRZeZn were superior to those NSAIDs-PTM regimens
in terms of increasing anticancer selectivity and efficacy of
Cis and 5FU in our previous report [25]. These results
highlight the necessity for further clinical exploration. Given
that all components of the PTM regimens are both clinically
effective and safe, they have been recognized as innovative
and creative solutions, resulting in the issuance of five

patents for their application in the prevention and
management of cancers, infectious diseases, dementia,
chronic pain, and other conditions [6-8].

The challenge of multidrug resistance (MDR) in cancer
chemotherapy remains a significant concern [30,31]. Recent
research has indicated that the overexpression of ATPases in
cancer cells plays a critical role in the development and
progression of MDR [32,33]. Cardiac glycosides, such as

digoxin, which inhibit Na*-K'-Mg®'-ATPase, have
demonstrated efficacy as anticancer agents [34,35].
Furthermore, Na'-K*-Mg®"-ATPase located on cell

membranes is recognized as an efflux pump for anticancer
agents; thus, inhibitors of this enzyme have been found to
effectively reverse MDR and enhance the anticancer effects
of chemotherapeutic agents [36,37]. Additionally, inhibitors
of mitochondrial Mg*"-ATPase, such as Ru-complexes
[38,39], have been validated as potent anticancer agents. In
our study, PTM regimens, whether administered alone or in
conjunction with Cis and 5FU, demonstrated a synergistic
inhibition of both Na*-K*-Mg**-ATPase and Mg**-ATPase
activities, suggesting their potential mechanisms of action
against cancer and their capacity to address the challenges
posed by MDR [40].

Infectious diseases among cancer patients significantly
contribute to morbidity and mortality. Therefore, enhancing
the antibacterial properties of anticancer agents is crucial for
improving cancer therapy outcomes. Our findings indicate
that PTM regimens, particularly in combination with Cis
and 5FU, exhibited notable antibacterial effects against four
cultured pathogenic biofilms, warranting further clinical
investigation.
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While this study suggests that PTM regimens may serve
as promising anticancer and antibacterial treatments, the
experimental results are limited to in vitro cultured cancer
cells and pathogens. It is imperative to further explore the
mechanisms of action (including apoptosis, cell cycle
analysis, clonogenic assays, metabolic experiments, and
western blot analysis of target genes) and to conduct clinical
trials for in vivo validation of PTM regimens in the near
future.

Conclusions

In conclusion, as depicted in Fig. 7, we have identified a
promising therapeutic strategy involving novel PTM
regimens composed of phytopolyphenols (P, curcumin and
green tea polyphenols), targeting drugs (T, memantine,
thioridazine, cisplatin, and 5-fluorouracil), and metals (M,
ZnSO,). These regimens demonstrated remarkable
synergistic effects (CI < 1) and selective anticancer efficacy
across three cultured cancer cell lines, significantly
enhancing the therapeutic potential of cisplatin and 5-
fluorouracil. Importantly, PTM regimens synergistically
inhibited Na*-K*-Mg**-ATPase and Mg”*-ATPase in cancer
cells, addressing key challenges associated with multidrug
resistance in cancer therapy and infectious disease
management. Furthermore, the synergistic antibacterial
effects of PTM regimens against four cultured pathogenic
biofilms underscore their potential to reduce the morbidity
and mortality associated with infectious diseases in cancer
patients. Given the clinical effectiveness and safety profiles
of all drugs included in these regimens, further preclinical
and clinical investigations are strongly encouraged to
validate their efficacy and explore their broader applications
in oncology and infectious disease therapeutics.

Acknowledgement: The authors greatly appreciate former
dean professor Ming-Yung Chou for his continuous support
of this research and research assistants Chih-Lung Lee and
Yi-An Chen for their excellent experiment technique.

Funding Statement: The authors received no specific funding
for this study.

Author Contributions: Study conception and design: Ya-
Ling Yeh, Ying-Jan Wang, Shoei-Yn Lin-Shiau; data
collection: Shoei-Yn Lin-Shiau; analysis and interpretation
of results: Shoei-Yn Lin-Shiau; draft manuscript preparation:
Ya-Ling Yeh, Ying-Jan Wang, Shoei-Yn Lin-Shiau. All
authors reviewed the results and approved the final version
of the manuscript.

Availability of Data and Materials: The dataset used and
analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of
interest to report regarding the present study.

1795

References

1. Alexander JL, Wilson ID, Teare J, Marchesi JR, Nicholson JK,
Kinross JM. Gut microbiota modulation of chemotherapy
efficacy and toxicity. Nat Rev Gastroenterol Hepatol. 2017;
14(6):356-65. doi:10.1038/nrgastro.2017.20.

2. Franceschi C, Garagnani P, Morsiani C, Conte M, Santoro A,
Grignolio A, et al. The continuum of aging and age-related
diseases: common mechanisms but different rates. Front Med.
2018;5:61. doi:10.3389/fmed.2018.00061.

3. Hsu CH, Chuang SE, Hergenhahn M, Kuo ML, Lin JK, Hsieh CY,
et al. Pre-clinical and early-phase clinical studies of curcumin as
chemopreventive agent for endemic cancers in Taiwan. Gan to
Kagaku Ryoho. 2002;29(Suppl 1):194-200.

4. Lin JK. Cancer chemoprevention by tea polyphenols through
modulating signal transduction pathways. Arch Pharm Res.
2002;25(5):561-71. doi:10.1007/BF02976924.

5. Deng YT, Chang TW, Lee MS, Lin JK. Suppression of free fatty
acid-induced insulin resistance by phytopolyphenols in C2C12
mouse skeletal muscle cells. ] Agric Food Chem. 2012;60(4):
1059-66. doi:10.1021/jf204496f.

6. Lin-Shiau SY. Lin-Shiau SY, Chung Shan Medical University,
assignee. Pharmaceutical compositions for preventions and
managements of dementia, infectious diseases, cancers, diabetes,
obesity, osteoporosis and chronic pain and methods
thereof. United States patent US 11,197,904; 2021 Dec 14 [cited
2025 Apr 1]. Available from: https://image-ppubs.uspto.gov/
dirsearch-public/print/downloadPdf/11197904.

7. Lin-Shiau SY, Lin JK. National Taiwan University, assignee.
Composition and method for neuroprotection against
excitotoxic injury. United States patent US 9,011,945; 2015
Apr 21 [cited 2025 Apr 1]. Available from: https://image-
ppubs.uspto.gov/dirsearch-public/print/downloadPdf/9011945.

8. Lin-Shiau SY. Chung Shan Medical University, assignee. Tea
polyphenol composition and its use for treating orofacial pain.
Taiwan Patent TW I 669117; 2019 Aug 21 [cited 2025 Apr 1].
Available from: https://ulvis.net/Zx71.

9. Souchet B, Audrain M, Alves S, Fol R, Tada S, Orefice NS, et al.
Evaluation of memantine in AAV-AD rat: a model of late-onset
Alzheimer’s disease predementia. ] Prev Alzheimers Dis. 2022;
9(2):338-47. doi:10.14283/jpad.2021.67.

10. Koola MM. Galantamine-memantine combination for cognitive
impairments due to electroconvulsive therapy, traumatic brain
injury, and neurologic and psychiatric disorders: kynurenic
acid and mismatch negativity target engagement. Prim Care
Companion CNS Disord. 2018;20(2):17nr02235. doi:10.4088/
PCC.17nr02235.

11. Amaral L, Molnar J. Mechanisms by which thioridazine in
combination with antibiotics cures extensively drug-resistant
infections of pulmonary tuberculosis. In Vivo. 2014;28(2):267-
71. doi:10.1016/j.ijjantimicag.2012.01.012.

12. Kristiansen JE, Dastidar SG, Palchoudhuri S, Roy DS, Das S,
Hendricks O, et al. Phenothiazines as a solution for multidrug
resistant tuberculosis: from the origin to present. Int Microbiol.
2015;18(1):1-12. doi:10.2436/20.1501.01.229.

13. Le Tourneau C, Tao Y, Gomez-Roca C, Cristina V, Borcoman E,
Deutsch E, et al. Phase I trial of Debio 1143, an antagonist of
inhibitor of apoptosis proteins, combined with cisplatin
chemoradiotherapy in patients with locally advanced squamous


http://dx.doi.org/10.1038/nrgastro.2017.20
http://dx.doi.org/10.3389/fmed.2018.00061
http://dx.doi.org/10.1007/BF02976924
http://dx.doi.org/10.1021/jf204496f
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/11197904
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/11197904
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/9011945
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/9011945
https://ulvis.net/Zx71
http://dx.doi.org/10.14283/jpad.2021.67
http://dx.doi.org/10.4088/PCC.17nr02235
http://dx.doi.org/10.4088/PCC.17nr02235
http://dx.doi.org/10.1016/j.ijantimicag.2012.01.012
http://dx.doi.org/10.2436/20.1501.01.229

1796

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

cell carcinoma of the head and neck. Clin Cancer Res. 2020;
26(24):6429-36. doi:10.1158/1078-0432.CCR-20-0425.

Li WZ, Lv X, Hu D, Lv SH, Liu GY, Liang H, et al. Effect of
induction chemo-therapy with paclitaxel, cisplatin, and
capecitabine vs cisplatin and fluorouracil on failure-free survival
for patients with stage IVA to IVB nasopharyngeal carcinoma: a
multicenter Phase 3 randomized clinical trial. JAMA Oncol.
2022;8(5):706-14. doi:10.1001/jamaoncol.2022.0122.

Chen YQ, Zhu WT, Lin CY, Yuan ZW, Li ZH, Yan PK. Delivery
of rapamycin by liposomes synergistically enhances the
chemotherapy effect of 5-fluorouracil on colorectal cancer. Int
J Nanomedicine. 2021;16:269-81. doi:10.2147/IJN.S270939.
Hong BY, Sobue T, Choquette L, Dupuy AK, Thompson A,
Burleson JA, et al. Chemotherapy-induced oral mucositis is
associated with detrimental bacterial dysbiosis. Microbiome.
2019;7(1):66. doi:10.1186/s40168-019-0679-5.

Hou J, Zheng H, Li P, Liu H, Zhou H, Yang X. Distinct shifts in
the oral micro-biota are associated with the progression and
aggravation of mucositis during radio-therapy. Radiother
Oncol. 2018;129(1):44-51. doi:10.1016/j.radonc.2018.04.023.
Huang WZ, Liu TM, Liu ST, Chen SY, Huang SM, Chen GS.
Oxidative status determines the cytotoxicity of ascorbic acid in
human oral normal and cancer cells. Int ] Mol Sci. 2023;24(5):
4851. doi:10.3390/ijms24054851.

Martinez-Lira JL, Hernandez-Gallegos E, Chavez-Lépez DEG,
Villalobos-Valencia M, Camacho R, et al. The effects of
nebivolol-gefitinib-loratadine against lung cancer cell lines. In
Vivo. 2024;38(6):2688-95. doi:10.21873/invivo.13746.

Li XL, Zhou J, Tang NX, Chai Y, Zhou M, Gao AD, et al.
Molecular mechanisms of synergistic effect of prima-1met and
oxaliplatin in colorectal cancer with different p53 status.
Cancer Med. 2025;14(1):e70530. doi:10.1002/cam4.70530.
Broberg DN, Wong D, Bellyou M, Montero-Odasso M, Beauchet
O, Annweiler C, et al. Effects of memantine and high dose
Vitamin D on gait in male APP/PS1 Alzheimer’s disease mice
following Vitamin D deprivation. ] Alzheimers Dis. 2022;85(4):
1755-66. doi:10.3233/JAD-215188.

Smolyarchuk EA, Leykin ZN. Comparative clinical study of the
pharmaco-kinetics and bioequivalence of the combined drug
Mioreol and the combined use of mono-drugs containing
donepezil and memantine. Zh Nevrol Psikhiatr Im S S
Korsakova. 2022;122(3):85-91. d0i:10.17116/jnevro202212203185.
Srivastava S, Deshpande D, Sherman CM, Gumbo T. A ‘shock
and awe’ thioridazine and moxifloxacin combination-based
regimen for pulmonary Mycobacterium avium-intracellulare
complex disease. J Antimicrob Chemother. 2017;72(suppl_2):
i43-7. d0i:10.1093/jac/dkx308.

Zhou H, Luan W, Wang Y, Song Y, Xu H, Tang X, et al. The
combination of cloxacillin, thioridazine and tetracycline
protects mice against Staphylococcus aureus peritonitis by
inhibiting a-Hemolysin-induced MAPK/NF-«B/NLRP3
activation. Int J Biol Macromol. 2022;198(6):1-10. doi:10.1016/
j.ijbiomac.2021.12.112.

Chou MY, Lin-Shiau SY. Non-steroidal anti-inflammatory drugs
(NSAIDs) regimens enhance synergistic selective anticancer
efficacy of chemotherapeutic agents on cultured cells. ] Dent
Sci. 2025;20(2):1175-95. doi:10.1016/j.jds.2025.01.019.

Niu X, Shi Y, Li Q, Chen H, Fan X, Yu Y, et al. Ginsenoside Rb1
for over-coming cisplatin-insensitivity of A549/DDP cells in
vitro and vivo through the dual-inhibition on two efflux pumps
of ABCB1 and PTCHI. Phytomedicine. 2023;115:154776.
doi:10.1016/j.phymed.2023.154776.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

YA-LING YEH et al.

Chou TC. Drug combination studies and their synergy
quantification using the Chou-Talalay method. Cancer Res.
2010;70(2):440-6. doi:10.1158/0008-5472.CAN-09-1947.

Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen TS, et al.
Phase I clinical trial of curcumin, a chemopreventive agent, in
patients with high-risk or pre-malignant lesions. Anticancer
Res. 2001;21(4B):2895-900.

Cai EP, Lin JK. Epigallocatechin gallate (EGCG) and rutin
suppress the glucotoxicity through activating IRS2 and AMPK

signaling in rat pancreatic beta cells. J Agric Food Chem.
2009;57(20):9817-27. doi:10.1021/j£902618v.

Sinha BK, Bortner CD, Mason RP, Cannon RE. Nitric oxide
reverses drug resistance by inhibiting ATPase activity of p-
glycoprotein in human multi-drug resistant cancer cells.
Biochim Biophys Acta Gen Subj. 2018;1862(12):2806-14.
doi:10.1016/j.bbagen.2018.08.021.

Dong XD, Lu Q, Li YD, Cai CY, Teng QX, Lei ZN, et al. RN486, a
Bruton’s Tyrosine Kinase inhibitor, antagonizes multidrug
resistance in ABCG2-overexpressing cancer cells. ] Trans] Int
Med. 2024;12(3):288-98. doi:10.2478/jtim-2024-0011.

Wu CP, Hung CY, Lusvarghi S, Huang YH, Tseng PJ, Hung TH,
et al. Overexpression of ABCB1 and ABCG2 contributes to
reduced efficacy of the PI3K/mTOR inhibitor samotolisib
(LY3023414) in cancer cell lines. Biochem Pharmacol.
2020;180:114137. doi:10.1016/j.bcp.2020.114137.

Teng QX, Luo X, Lei ZN, Wang JQ, Wurpel J, Qin Z, et al. The
multidrug resistance-reversing activity of a novel antimicrobial
peptide. Cancers. 2020;12(7):1963. doi:10.3390/cancers12071963.
Jamshed F, Dashti F, Ouyang X, Mehal WZ, Banini BA. New uses
for an old remedy: digoxin as a potential treatment for
steatohepatitis and other disorders. World ] Gastroenterol.
2023;29(12):1824-37. doi:10.3748/wjg.v29.i112.1824.

Tokugawa M, Inoue Y, Aoki H, Miyajima C, Ishiuchi K, Tsurumi
K, et al. Involvement of cardiac glycosides targeting Na/K-
ATPase in their inhibitory effects on c-Myc expression via its
transcription, translation and proteasomal degradation. ]
Biochem. 2024;175(3):253-63. doi:10.1093/jb/mvad085.

Lan YL, Zou S, Qin B, Zhu X. Analysis of the sodium pump
subunit ATPIA3 in glioma patients: potential value in
prognostic prediction and immunotherapy. Int
Immunopharmacol. 2024;133(13):112045. doi:10.1016/j.intimp.
2024.112045.

Zhang C, Zhang H, Zhang Q, Fan H, Yu P, Xia W, et al.
Targeting ATP catalytic activity of chromodomain helicase
CHDIL for the anticancer inhibitor discovery. Int ] Biol
Macromol. 2024;281(Pt 4):136678. doi:10.1016/j.ijjbiomac.2024.
136678.

Wang WJ, Ling YY, Shi Y, Wu XW, Su X, Li ZQ, et al.
Identification of mitochondrial ATP synthase as the cellular
target of Ru-polypyridyl-p-carboline complexes by affinity-
based protein profiling. Natl Sci Rev. 2024;11(8):nwae234.
doi:10.1093/nsr/nwae234.

Yang Q, Zhou X, Lou B, Zheng N, Chen J, Yang G. An FoF;-
ATPase motor-embedded chromatophore as a nanorobot for
overcoming biological barriers and targeting acidic tumor sites.
Acta Biomater. 2024;179(8):207-19. doi:10.1016/j.actbio.2024.
03.016.

Narang R, Kumar R, Kalra S, Nayak SK, Khatik GL, Kumar GN,
et al. Recent advancements in mechanistic studies and structure
activity relationship of FoF; ATP synthase inhibitor as
antimicrobial agent. Eur ] Med Chem. 2019;182:111644. doi:10.
1016/j.ejmech.2019.111644.


http://dx.doi.org/10.1158/1078-0432.CCR-20-0425
http://dx.doi.org/10.1001/jamaoncol.2022.0122
http://dx.doi.org/10.2147/IJN.S270939
http://dx.doi.org/10.1186/s40168-019-0679-5
http://dx.doi.org/10.1016/j.radonc.2018.04.023
http://dx.doi.org/10.3390/ijms24054851
http://dx.doi.org/10.21873/invivo.13746
http://dx.doi.org/10.1002/cam4.70530
http://dx.doi.org/10.3233/JAD-215188
http://dx.doi.org/10.17116/jnevro202212203185
http://dx.doi.org/10.1093/jac/dkx308
http://dx.doi.org/10.1016/j.ijbiomac.2021.12.112
http://dx.doi.org/10.1016/j.ijbiomac.2021.12.112
http://dx.doi.org/10.1016/j.jds.2025.01.019
http://dx.doi.org/10.1016/j.phymed.2023.154776
http://dx.doi.org/10.1158/0008-5472.CAN-09-1947
http://dx.doi.org/10.1021/jf902618v
http://dx.doi.org/10.1016/j.bbagen.2018.08.021
http://dx.doi.org/10.2478/jtim-2024-0011
http://dx.doi.org/10.1016/j.bcp.2020.114137
http://dx.doi.org/10.3390/cancers12071963
http://dx.doi.org/10.3748/wjg.v29.i12.1824
http://dx.doi.org/10.1093/jb/mvad085
http://dx.doi.org/10.1016/j.intimp.2024.112045
http://dx.doi.org/10.1016/j.intimp.2024.112045
http://dx.doi.org/10.1016/j.ijbiomac.2024.136678
http://dx.doi.org/10.1016/j.ijbiomac.2024.136678
http://dx.doi.org/10.1093/nsr/nwae234
http://dx.doi.org/10.1016/j.actbio.2024.03.016
http://dx.doi.org/10.1016/j.actbio.2024.03.016
http://dx.doi.org/10.1016/j.ejmech.2019.111644
http://dx.doi.org/10.1016/j.ejmech.2019.111644

	Synergistic anticancer and antibacterial effects of novel regimens of phytopolyphenols and repurposing drugs on cultured cells
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


