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Abstract

We investigated the combined potency of metformin and cisplatin on the MDA-MB-231,
triple-negative breast cancer (TNBC) cells with the application of electrical pulses. There
are no targeted therapies for this subset of breast cancer because of the absence of spe-
cific biomarkers. Cytotoxic chemotherapy is the mainstream mode of treatment for TNBC,
and cisplatin is the most commonly used chemotherapeutic drug. While there is a good
response initially, TNBC cells develop drug resistance eventually. Thus, there is a need for
alternate therapies. Toward this, we studied the antiproliferation characteristics of electrical
pulse-mediated combination therapy using metformin, the commonly used Type-2 diabe-
tes drug, along with cisplatin. We used metformin, as it has various anticancer properties
caused by repressing energy pathways in a cancer cell. Application of 8 pulses of 1000 V/
cm, 100 ps, at 1 Hz frequency, enhanced the drug uptake leading to cell viability as low
as 25.86% at 30 uM cisplatin and 5 mM metformin in a 24 h study. Also, the same studies
were conducted on MCF10A, a non-cancerous human epithelial cell. It aided in comparing
the result for both MDA-MB-231 and MCF10A cell lines while establishing a better under-
standing of the experimental outcomes. Overall, the various experimental results from
colony-forming assay, reactive oxidative analysis, and the intracellular glucose metabolic
assay indicate the possibility of the electrical pulses-based cisplatin and metformin drug
combination as a potential alternative to TNBC treatment.
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Introduction

Metformin has traditionally been used as the first line of treatment in type 2 diabetes
mellitus (T2DM) patients [1, 2]. However, more recent studies indicated expanded roles
for metformin in cancer treatment. For instance, a population-based observational study
shows an association between the reduced risk of various cancers in patients with type
2 diabetes and metformin usage [1, 2]. In another related study, statistical examination
of the record-linkage databases from Tayside, Scotland, U.K., on a larger cohort sample,
supports the same with a 37% reduced risk of cancer [3]. Compared to other antidia-
betic drugs, metformin offers a 31% reduction in overall relative risk [4], as shown by a
comprehensive literature search and meta-analysis of epidemiologic studies [5, 6]. The
improved survival was primarily observed in cancer types, such as liver [7], pancreatic
[8], lung [9], colorectal [10], and breast [11] cancer. Metformin acts through multiple
signaling pathways. One such pathway includes AMPK (AMP-activated protein kinase),
whose activation requires LKB1, a well-known tumorigenesis suppressor [12].

In the case of TNBC, which accounts for 10 to 15% of all breast cancer cases and
having ER -ve, PR -ve, and no overexpression of HER2 [13, 14], has no standard ther-
apy [15] with lower survival outcome. Chemotherapy drugs, such as cisplatin, exhibit
cytotoxicity, causing cancer cell death by damaging the DNA [16]. Still, over the course
of treatment, the chances of developing drug resistance are immense [17]. In contrast,
high-energy X-rays kill cancer cells or shrink tumors using radiation therapy which
comes with additional complexities [18, 18]. One of the possibilities is to examine the
combination of metformin with cisplatin to tackle multiple pathways contributing to
the proliferation of triple-negative breast cancer. The evidence of metformin promoting
growth inhibition and sensitizing resistant cancer cell lines to cisplatin is available in
case of bone cancer [20], lung cancer [21], including breast cancer [22, 23].

In this study, we tested a combinational therapeutic approach by coupling oral anti-
diabetic agent metformin and standard chemotherapeutic drug cisplatin in the presence
of electric pulses (EP) on MDA-MB-231 TNBC cells. The effectiveness of electrical
pulses along with chemo drugs, known as electrochemotherapy, is widely reported
[24-27] (Fig. 1).

The concept of how the electroporation technique enhances the uptake of drug mol-
ecules is illustrated in Fig. 1. Due to the application of an external electric field, the
charges inside and outside the cells are displaced. Thus, it gives rise to an accumulated
transmembrane potential difference, AV, on the cell surface [28]. The transmembrane
potential difference equation can be represented by:

Vi = % X T X Eypplieq X €OS @ (1
where r is the radius of the cell, E, ;.4 is the externally applied electric field, and ¢ is
the polar angle concerning the electric field direction. The change in the hydrophobic cell
membrane appears when the transmembrane potential difference exceeds a threshold value
(AV,>Vy).

In addition, since in a real-time in vivo ECT treatment, both healthy and cancerous
cells are involved, we evaluated the cell viability of MCF10A, a non-cancerous human
epithelial cell utilizing the same combination of the drugs with and without EP.
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Fig.1 An illustration of enhanced drug delivery in the presence of an electric field and the proposed drug
combination

Materials and Methods
MDA-MB-231 Cell Line

We considered epithelial TNBC cells, the MDA-MB-231 (ATCC® HTB-26™) obtained
from the human metastatic tumor site. Cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM, Gibco™) media accompanied by 10% Fetal Bovine Serum (FBS) and
1% Penicillin-Streptomycin (PS). It is incubated in a controlled microenvironment of
37 °C with 5% CO, and 83% humidity. After 90-95% confluency, the cell in the flask is
trypsinized and centrifuged at 900RPM for 5 min duration. The supernatant solution is
aspirated, and the remaining cell pellet is resuspended in 1 ml of fresh culture media. In
Fig. 2, we see the MDA-MB-231 cell count and viability of untreated TNBC cells with
96% cell viability using the Countess™ II FL automated cell counter (Thermo Fisher Sci-
entific™). Trypan blue (0.4%, Gibco™) staining was used for cell viability, as shown in
Fig. 2a, where the brightfield image reveals the live and dead cells in green and red circles,
respectively. Figure 2b shows the optimal cell size profile for accurate viability assessment.
In the end, an appropriate amount of dilution was added to achieve a cell concentration of
1x10° cells/ml.

MCF10A Cell Line

MCF10A is a non-tumorigenic, cuboidal-shaped human mammary epithelial cell line that
does not express estrogen receptor (ER) [29]. The selection of MCF10A is vital to assess
and compare the viability of a non-cancerous cell line under the same drug combination
of metformin and cisplatin with or without EP with the MDA-MB-231 cancerous cell
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Fig.2 MDA-MB-231 cell count and viability using Countess™ II FL. automated cell counter. a Brightfield
image of untreated TNBC cells stained with Trypan blue showing cell viability of 96% with the live cells as
green and dead cells as red circles and b optimal cell size profile for accurate viability assessment

line. Unlike in MDA-MB-231, a 500 ml growth media for MCF10A is formed by mixing
DMEM and F12 in an equal ratio (275 ml each), including 25 ml horse serum (Sigma-
Aldrich™), 5 ml PS, 100 ul (H)EGF (Human-Epidermal growth factor), 20 ul Cholera
toxin (Sigma-Aldrich™), 5 ul Hydrocortisone (Sigma-Aldrich™), and 1 ml bovine insulin
(Sigma-Aldrich). The incubation and resuspension procedure to achieve 1 million cells per
ml is the same as for MDA-MB-231. In Fig. 3, like for MDA-MB-231, we performed the
cell count and viability of untreated MCF10A cells using the Countess™ II FL automated
cell counter. Figure 3a shows cell viability of 90% with the live and dead cells in green and
red circles, respectively, after Trypan blue staining. In contrast, Fig. 3b shows the optimal
cell size profile for accurate viability assessment.

Metformin and Cisplatin Drugs

Metformin hydrochloride (1,1-Dimethylbiguanide hydrochloride) and cisplatin (cis-
Diaminedichloroplatinum) were both obtained from Sigma-Aldrich™. Figures 4a and
b show the chemical structures of Metformin and Cisplatin, respectively. Metformin
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Fig.3 MCFI10A cell count and viability using Countess™ II FL automated cell counter. a Brightfield
image of untreated TNBC cells stained with Trypan blue showing cell viability of 90% with the live cells as
green and dead cells as red circles and b optimal cell size profile for accurate viability assessment
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Fig.4 The chemical structural formulas for a Metformin Hydrochloric and b Cisplatin

was dissolved in de-ionized sterile water to make a stock solution of 500 mM and fur-
ther diluted to 5 mM as the final concentration for treatment. Cisplatin stock solution of
1000 uM was prepared using sterile Di-ionized (DI) water and stored in a black centri-
fuge tube at room temperature to shield it from external light. Subsequent, a final con-
centration of 5 uM, 10 uM, 15 uM, and 30 uM was prepared for treatments.

Delivery of Electric Pulses

A BTX ECM 830 square wave pulse generator (Genetronics Inc. San Diego, CA, USA)
was used in our study. Eight unipolar, square wave pulses of 1000 V/cm at 100 ps; 1 s
intervals were applied to the sterile cuvettes having an aluminum electrode separated by
a gap of 4 mm. 6 x 10° (600 pl) of MDA-MB-231 cells were used for each sample. The
experimental setup has been demonstrated in Fig. 5. Treated samples were dispensed to
either a 96-well plate or a 6-well plate, depending upon the assay type.

BTX™ ECM 830
Electroporator

Cuvette
(Al Electrode)
4mm gap

Pulse Parameter:

* 1000V/cm
+ 8 pulse

1s

Fig.5 Electroporation setup with BTX™ ECM 830 electroporator square pulse generator and cuvette with
aluminum electrodes having 4 mm gap and 600 pl cell suspension
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MT Cell Viability Assay

The time- and dose-dependent cytotoxicity for the combined treatment was studied using
a nonlytic assay to monitor cell viability at 24 h. This assay measures light emission when
an added substrate is reduced to a NanoLuc substrate by only metabolically active cells
[30]. Here, for the MT cell viability assay, 20 ul (20,000 cells/well) treatment samples
were added in a 96-well plate with a supplementary 55 ul of cell media. Then, 1.5 pl each
enzyme and substrate from RealTime-Glo™ (Promega Inc.) was mixed with 373.5 ul of
culture media. Subsequently, 25 ul of freshly prepared MT assay reagent mix was added
to each sample treatment and incubated for 24 h. This protocol allows us to monitor cell
viability in real-time. Finally, the luminescence as a relative light unit (RLU) is measured
using Synergy HTX multi-mode microplate reader at a fixed interval of 24 h. Each mean
luminescence value was normalized with respect to the control.

% Vaibility = Luminescence value for Samples

- 100 2)
Luminescence value of Control

Colony-Forming Assay (CFA)

The colony-forming assay is a measure of the ability of cancer cells to form colonies [31].
We can evaluate the percentage of treated cells that can produce colonies, hence, deter-
mining the drug’s effectiveness in terms of cytotoxicity. The treatment samples (500 cells
per well) were plated in a 6-well plate with 2 ml of fresh culture media. For the plating
efficiency, 500 cells per well were seeded from the untreated cells (control). After an incu-
bation period of 15 days, the culture media was discarded accompanied by Phosphate
Buffer Saline (PBS) wash. Next, the colonies formed were subjected to 1 ml of fixing agent
(methanol:glacial acetic acid=1:7) for 30 min. Subsequently, the fixing mixture was aspi-
rated and washed with double-distilled water before introducing the staining reagent (0.1%
crystal violet in methanol) then allowed to rest for 2 h. Finally, the staining reagent was
aspirated, and the colony image was capture using I-Bright Imaging Systems (Thermo
Fisher Scientific™) before utilizing ImageJ software to compute the number of colonies
formed [32].

_ Number of colonies formed

PE = x 100
(Untreated cells) Total cells seeded @)

. Numberofcoloniesformed
Survivalpercentage ryeaedcells) = Totaloellssoeded x PE x 100 4)

Reactive Oxygen Species

Reactive species, such as free radicals and molecules from oxygen, are produced in can-
cer cells can cause oxidative stress and cell death [33]. Here, the reactive oxygen species
(ROS) assessment at 24 h was done. 20 pl (20,000 cells) of treatment samples were added
in a 96-well plate, with an additional 60 pl of cell media. After 18 h incubation, 20 pl of
hydrogen peroxide (H,0,) substrate from ROS-Glo™ (Promega) was added and further
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incubated for 6 h. The Luciferin Precursor is formed by the direct reaction between the
H,0, present in the media and the H,0, substrate added externally from the kit. Subse-
quently, a 100 pl luciferase detection reagent is introduced to each well, and luminescence
(RLU) measurement using Synergy HTX multi-mode microplate reader is taken after
20 min of incubation time. During the 20 min period, the luciferin precursor is converted
to luciferin in the presence of the ROS-Glo™ substrate detection solution. The H,O, in the
sample is proportional to the light signal [34].

Glucose Metabolite Assay

One of the essential metabolites in many living cells is glucose. We used the biolumines-
cence-based Glucose-Glo™ assay from Promega [35] to study the effect of the combina-
tion treatment on the intracellular glucose level at 24 h. For this, 20 ul of treatment samples
were added to a 96-well plate, and after 24 h, the culture media was removed, followed by
cold PBS wash, to avoid any misrepresentation due to glucose present in the media. Next,
12.5 pl each of the inactivation solution (0.6 N HCI) and neutralization solution (1 M Tris
base) was introduced to stop the metabolism rapidly and lyses the cells upon mixing. Then,
50 pl of glucose detection reagent is added and incubated at room temperature for 1 h.
During this period, nicotinamide adenine dinucleotide (NAD) +hydrogen (H) (NADH) is
produced by glucose dehydrogenase added to the sample, which consumes glucose and
NAD+. With NADH, luciferin is obtained by reducing reductase substrate to produce
light proportional to the amount of glucose. Finally, luminescence (RLU) using Synergy
HTX multi-mode microplate reader was taken after the incubation period.

Statistical Analysis

All the sample treatments were performed in triplicates, and the results are indicated as
average(u) + standard error (SE). The R-studio software was used for statistical experimen-
tal data [36]. In the analysis of experimental data to find the statistically significant dif-
ference between the sample treatment, we performed multiple comparison tests (MCTs)
using analysis of variance (ANOVA) [37, 38] then Tukey’s honestly significant difference
(HSD) test [39]. Also, we completed the Jarque—Bera test to check the normality distribu-
tion norm, independence, and homogeneity of variance of the variables [40]. Based on the
critical value from the Tukey significance test, samples are assigned letter grades, where
the same letter (s) means no statistical difference, and different letters imply that they are
statistically different [41, 42].

Results and Discussion
MT Cell Viability Assay

We performed the cell viability in a nonlytic manner, i.e., without disrupting the cell mem-
branes. The MBD-MB-231 cells and non-cancerous MCF10A cells were subject to EP
only; 5 mM metformin only; 5 uM, 10 pM, 15 pM, 30 uM concentrations of cisplatin only;
and then with cisplatin in combination with 5 mM metformin, with and without EP. Fig-
ure 6 shows the dose-dependency in cell cytotoxicity for various combinations of drugs for
both the cell lines.
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Firstly, for MDA-MB-231 at 24 h, the lowest viability of 25.87% was obtained using
the combinations of electroporation with 30 uM cisplatin+5 mM metformin. The results
indicate a significant twofold drop in cell viability from 48.40 to 25.87% for 30 uM cispl-
atin+5 mM metformin in the presence of electric field than drug only counterpart, i.e.,
for the 30 uM cisplatin+5 mM metformin. Whereas for EP only and 5 mM metformin
only treatments, cell viability was 79.45% and 85.20%, respectively, which are three times
significantly higher than for 30 pM cisplatin+5 mM metformin+ EP. For the treatment
with cisplatin alone, the maximum concentration of 30 uM yielded a drop in viability to
65.66% that is still higher than what was finally achieved with 30 uM cisplatin+5 mM
metformin + EP combination or with 30 uM cisplatin+ 5 mM metformin (48.40%).

We performed ANOVA analysis to understand better the significance level, followed
by Tukey’s multiple comparisons test. As shown in Table 1, the P value is less than 0.05,
and the null hypothesis can be rejected. It implies that the means between the nine treat-
ment groups are not equal. Furthermore, Tukey’s HSD test reveals group means which are
different. The control is significantly different (P <0.05) from EP only and hence depicted
by the different letters ‘A’ and ‘B.” While EP only, 5 mM metformin, 5 uM, and 10 uM cis-
platin only are represented by letter same letter ‘B.” Similarly, 15 uM and 30 uM cisplatin

Table1 Summary of ANOVA analysis on the MT cell viability assay for MDA-MB-231 with all the 15
treatments

ANOVA table Sum-of-squares  Degree of Mean square (MS) F (DF,, DF;) P value
(SS) freedom
(DF)
Between Treatments 18,241 14 1303 F (14,30)=37.65 P<0.0001
Within treatments 1038 30 34.60
Total 19,279 44
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treatment are represented by the same letter ‘C.” For drug combination without EP, the
5 uM cisplatin+5 mM metformin shows no comparable difference with subsequent doses
till 30 uM cisplatin+5 mM metformin, including for lower dose of 5 uM cisplatin+5 mM
metformin+EP, so these are depicted by the same letter ‘D’ and ranges from 58.20 to
48.65%. However, with EP, we see a significant difference from 10 uM cisplatin+5 mM
metformin at 39.34% indicated by ‘E;” 15 uM cisplatin+5 mM metformin at 32% indi-
cated by ‘F* and 30 uM cisplatin+5 mM metformin at 25.86% indicated by ‘G.” Thus, it
confers a more prominent inhibiting of TNBC cell proliferation for drug combination in
the presence of EP. Also, it should be noted that the same cell death can be achieved at
one lower-step dosage with EP, leading to a lower side effect of the drug and delay in drug
resistance with a better prognosis.

Unlike MBA-MB-231, the MCF10A shows much higher cell viability of 95.89% and
97.64% for treatment with EP only and 5 mM metformin alone, respectively, and no sig-
nificant difference from control thus represented by the same letter ‘a.” Furthermore, with
cisplatin treatment, the viability unlike MBA-MB-231, the MCF10A shows much higher
cell viability of 95.89% and 97.64% for treatment with EP only and 5 mM metformin
alone, respectively, and no significant difference from control thus represented by the same
letter ‘a.” Furthermore, with cisplatin treatment, the viability drops to a meager 88.68%
(‘D’) compared to 49.56% for MDA-MB-231 cells for the same 30 uM cisplatin treatment.
The combination of cisplatin and metformin without EP also shows marginal cell viability
variation, represented by the letter ‘c.” Even for the highest configuration of 30 uM cispl-
atin+5 mM metformin+EP (‘d’), the cell viability is only 82%, equivalent to the effect
observed at only 5 uM cisplatin alone for MDA-MB-231 cells. This overall suggests that
the normal mammary epithelial MCF10A cells are not affected by the treatment type or
combination, maintaining higher cell viability throughout drops to a meager 88.68% (‘b’)
compared to 49.56% for MDA-MB-231 cells for the same 30 pM cisplatin treatment. The
combination of cisplatin and metformin without EP also shows marginal cell viability
variation, represented by the letter ‘c.’” Even for the highest configuration of 30 uM cis-
platin+5 mM metformin+EP (‘d’), the cell viability is only 82%, equivalent to the effect
observed at only 5 pM cisplatin alone for MDA-MB-231 cells. This overall suggests that
the normal mammary epithelial MCF10A cells are not affected by the treatment type or
combination, maintaining higher cell viability throughout (Table 2).

Colony-Forming Assay

Clonogenic assay was performed to assess the cytotoxic effects at various concentra-
tions of cisplatin in the presence of 5 mM metformin with and without the application

Table2 Summary of ANOVA analysis on the MT cell viability assay for MCF10A with all the 15 treat-
ments

ANOVA table Sum-of-squares  Degree of Mean square (MS) F (DF_, DF,) P value
(SS) freedom
(DF)
Between treatments 1048 14 74.88 F (14,30)=3.087 P=0.0047
Within treatments 727.6 30 24.25
Total 1776 44
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Fig.7 The survival percent-
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Table 3 Survival percentage for all the sample treatment with and without electroporation for both MDA-
MB-231 and MCF10A using digital imaging and cell per plate =500

Srno Drug combination MDA-MB-231 MCF10A
Survival percentage Survival percentage
(PE=0.72 or 72%) (PE=0.84 or 84%)

1 Control 100% (reference) 100% (reference)

2 EP only 95% 97%

3 5 mM Met 87% 96%

4 5 uM Cis 82% 95%

5 10 uM Cis 81% 92%

6 15 uM Cis 77% 88%

7 30 uM Cis 72% 89%

8 5 uM Cis+5 mM Met 74% 91%

9 10 pM Cis+5 mM Met 68% 85%

10 15 uM Cis+5 mM Met 41% 88%

11 30 uM Cis+5 mM Met 31% 87%

12 5 uM Cis+5 mM Met + EP 54% 80%

13 10 uM Cis+5 mM Met+EP 48% 77%

14 15 uM Cis+5 mM Met+EP 28% 77%

15 30 uM Cis+5 mM Met+EP 16% 79%

of electroporation. Figure 7 shows the results for both MDA-MB-231 and MCF10A cell
lines. The colony survival capability of MDA-MB-231 decreases as the concentration of
cisplatin + metformin increases, especially in the presence of an electric pulse. The trip-
licates from the untreated cell (control) were used to estimate plating efficiency in Eq. 3
and survival percentage for each of the treatment samples from Eq. 4. Table 3 summarizes
the outcomes of this assay. In the case of MDA-MB-231, the survival percentage is 95%
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Table 4 Summary of ANOVA analysis on the colony-forming assay for MDA-MB-231 with a total of 15
treatment

ANOVA table Sum-of- Degree of Mean square (MS)  F (DF,, DF,) P value
squares freedom (DF)
(SS)
Between treatments 27,881 14 1992 F (14,30)=71.68 P <0.0001
Within treatments 833.5 30 27.78
Total 28,715 44

Table 5 Summary of ANOVA analysis on the colony-forming assay for MCF10A with a total of 15 treat-
ment

ANOVA table Sum-of- Degree of Mean square (MS)  F (DF,, DF,) P value
squares freedom (DF)
(SS)
Between treatments 2283 14 163.1 F(14,30)=15.82 P<0.0001
Within treatments 309.2 30 10.31
Total 2592 44

with EP only and 87% with 5 mM metformin. For various concentrations of cisplatin alone
treatments, the survival ranges from 82 to 72%, whereas the survival percentage is 74%,
68%, 41%, 31% for 5 uM, 10 uM, 15 pM, 30 uM cisplatin +5 mM metformin respectively
with no EP treatment. With EP application, the survival percentage is 54%, 48%, 28%, 16%
for 5 uM, 10 uM, 15 uM, 30 uM cisplatin+5 mM metformin in each respectively, indicat-
ing the enhanced cell death due to EP application.

From ANOVA analysis, as shown in Table 4, the P value<0.05, we can reject the
null hypothesis (Ugonwo1=H1 =M =H3... =Hg). Thus, we inspect the difference between the
means of the 15 treatment groups for colony-forming assay using Tukey multiple com-
parisons for the average percentage of survived colonies [43]. The test shows close to a
twofold reduction in the survival percentage, which is notable, indicating more prominent
cytotoxic effects of 30 uM cisplatin+5 mM metformin (‘G’) in the presence of electric
pulses on MDA-MB-231 cells compared to the corresponding drug combination only.
The treatment for which there is no significant difference, such as 5 uM cisplatin+5 mM
metformin and 10 uM cisplatin+5 mM metformin, is denoted by the letter ‘C.” Similarly,
5 uM cisplatin+5 mM metformin+EP and 10 pM cisplatin+5 mM metformin+ EP have
the same letter ‘F.” At the same time, 15 uM cisplatin+5 mM metformin and 15 uM cis-
platin+5 mM metformin+ EP shows significant difference represented by the letter ‘D’
and ‘E, respectively. A higher dose of 30 uM cisplatin+5 mM metformin drug without
EP has the same effect as a lower dose of 15 uM cisplatin+5 mM metformin with EP. It
shows that EP can considerably reduce the drug requirement for treatment with 15 uM cis-
platin +5 mM metformin significant differences of one order.

In comparison, the MCF10A cell line displays a higher ability to form colonies and low-
variability w.r.f the variation in the drug combination. It is evident from Table 5 as the F
value for MCF10A (15.82) is 5 times lower than that of MBA-MB-231 (F value — 71.68).
The percentage of survival is 97% with EP only and 96% with 5 mM metformin. For cis-
platin alone treatments, the survival is 95%, 92%, 88%, 89% for 5 uM, 10 uM, 15 uM, and
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30 uM respectively, whereas for 5 uM, 10 uM, 15 uM, 30 pM cisplatin+5 mM metformin
without EP, it is 91%, 85%, 88%, 87% respectively. Furthermore, high survival of 79% for
even the maximum dose of 5 uM cisplatin+5 mM metformin + EP. Therefore, it is appar-
ent that there is not much difference in the cytotoxicity with an increase in drug combina-
tion with or without EP for MCF10A.

Reactive Oxygen Species Assessment

The hydrogen peroxide (H,O,) induced in the cell culture medium in the presence of
TNBC cells under various drug combinations was measured using ROS-Glo™ (Promega).
It has been reported that the excessive increment in intracellular ROS indicates enhanced
cellular stress and can lead to drug-mediated cancer cell death [33, 44]. Therefore, it was
vital to assess H,0, directly into culture media. Figure 8a and b show the bioluminescent
reading corresponding to the hydrogen peroxide levels for MDA-MB-231 and the non-can-
cerous MCF10A cell line. Firstly, we observe that MDA-MB-231 cells are considerably
affected by the electric field application and follow a dose-dependent pattern compared
to the MCF10A. For MDA-MB-231, the highest ROS level (224,639 RLU) was produced
when the TNBC cells were exposed to 30 uM+5 mM metformin in the presence of an
electric field, compared to 30 pM +5 mM metformin alone at 24 h. It indicates that EP
enhances the uptake of the drug combination and is capable of generating added oxida-
tive stress in the MBA-MB-231 cells, leading to an increase in cell death. In contrast, for
MCF10A, the ROS levels remain almost 5.9 times lower (37,879 RLU) even for the high-
est combination of 30 uM cisplatin +5 mM metformin + EP.

With ANOVA analysis, as shown in Table 6, the null hypothesis is rejected because of P
value < 0.05. It confirms that the difference between the means of the 15 treatment groups
for reactive oxygen species. Furthermore, based on Tukey multiple comparisons test, we
could differentiate between the significant change amongst various treatment samples. The
same letter assigned to two or more samples conveys that they hold no significant differ-
ence, such as in the case of MDA-MB-231 control (36,009 RLU); EP only (36,909 RLU);

b
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Fig.8 The reactive oxygen species levels using ROS-Glo™ (Promega). a MDA MB 231 cells, b MCF10A
cells with EP only, metformin(5 mM), and different concentrations of cisplatin and cisplatin+5 mM met-
formin with and without EP at 24 h. The same letters indicate no significant difference between the treat-
ments, whereas different letters indicate a significant difference (P <0.05). The values are represented in the
form of mean + standard error (N=3)
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Table 6 Summary of ANOVA analysis on the reactive oxygen species assessment for MDA-MB-231 with a
total of 15 treatments

ANOVA table Sum-of-squares  Degree of Mean square (MS) F (DF,, DF,) P value
(SS) freedom
(DF)
Between treatments  145,361,188,636 14 10,382,942,045 F (14,30)=321.1 P<0.0001
Within treatments 969,920,292 30 32,330,676
Total 146,331,108,928 44

5 mM metformin alone (36,509 RLU); cisplatin 5 uM (37,289 RLU), 10 uM (39,673) are
marked with a letter ‘A, whereas cisplatin 15 pM (42,295 RLU), 30 uM (54,980); and
5 uM cisplatin+5 mM metformin (45,717 RLU), and 10 uM cisplatin+5 mM metformin
(56,009 RLU), without EP and are indicated by the letter ‘B.” However, the electropo-
ration leads to a significant increase in ROS for all the combinations of drug doses. For
instance, 5 uM cisplatin+5 mM metformin+EP (101,817 RLU), 10 uM cisplatin+5 mM
metformin+ EP (155,883 RLU), 30 uM cisplatin+5 mM metformin+ EP (224,639 RLU)
indicated by letter ‘C,” ‘D, ‘F’ respectively. One exception to is 15 uM cisplatin+5 mM
metformin+EP (170,559 RLU) denoted by letter ‘D’ same as 10 uM cisplatin+5 mM
metformin + EP because it does not show significant increment.

Compared to control and the drug only, the EP counterpart for 30 uM cisplatin+5 mM
metformin shows a 6xand 3Xincrement in ROS levels, respectively. In the case of
MCF10A, we do not see any dose dependency w.r.t the treatment combination, main-
taining a low level of ROS value ranging from 35,009 RLU (‘a’) for 5 mM metformin to
47,879 RLU for 30 uM cisplatin+5 mM metformin+ EP (‘c’). Moreover, from Table 7, we
can observe that the F value of 2.982 is much lower in the case of MCF10A than MDA-
MB-231 (F value=321.1), thus leading to very low variability between the treatment sam-
ples, as apparent from Fig. 8b. Therefore, it supplements the sign that metformin can also
sensitize MDA-MB-231 TNBC cells to cytotoxicity induced by cisplatin through oxidative
stress [45] and insignificant change for MCF10A.

Glucose Metabolite Assay

For a Type 2 diabetic patient, the lack of glucose uptake is linked to insulin resistance.
In contrast, cancer cells are equated with higher glycolytic rates [46]. Therefore, measur-
ing glucose will help us to analyze the specific effect of metformin on cancer cells. The
intracellular glucose levels are measured in the MDA-MB-231 TNBC cells and non-can-
cerous MCF10A cells using a Glucose-Glo™ (Promega) bioluminescent assay without

Table 7 Summary of ANOVA analysis on the reactive oxygen species assessment for MCF10A with a total
of 15 treatments

ANOVA table Sum-of-squares  Degree of Mean square (MS) F (DF_, DF,) P value
(SS) freedom
(DF)
Between treatments 694,102,635 14 49,578,760 F(8,18)=2.982 P=0.0059
Within treatments 499,019,820 30 16,633,994
Total 1,193,122,455 44
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deproteinization. This assay is critical to identifying the variation in glucose consumption
due to glucose production alterations through gluconeogenesis resulting from metformin
combined with cisplatin and electric pulses. In MDA-MB-231, we see that at the higher
drug concentrations of 30 uM cisplatin+5 mM metformin combination in the presence of
EP, the glucose levels are at the lowest (222,570 RLU), which can lead to ATP (Energy)
deficiency causing cell death. In contrast, for the MCF10A it is 3.4 times higher (764,947
RLU). Furthermore, it corroborates the decrease in ATP levels in MDA-MB-231 cells as
reported earlier by metformin treatment [47].

With ANOVA analysis, as shown in Table 8, the null hypothesis can be rejected as the P
value is less than 0.05. It implies that the means between the 15 treatment groups for glu-
cose metabolic assay are not equal, so we observed a significant difference from Tukey’s
multiple comparison test (P <0.001) in glucose levels in samples with and without elec-
troporation. The control treatment has the highest glucose levels at 869,990 RLU compared
to all other treatments and is marked by the letter ‘A,” like 5 mM metformin treatment. EP
only (779,990 RLU) up to 15 pM cisplatin (698,960 RLU) is represented with ‘B.” The
subsequent treatment of 30 uM cisplatin (601,875 RLU) and 5 uM cisplatin+5 mM met-
formin (567,313 RLU) without EP are not significantly different, hence, the same letter ‘C.’
The 10 pM cisplatin+5 mM (443,906 RLU) and 15 pM cisplatin+5 mM (343,697 RLU)
without EP are significantly different and indicated by letters ‘D’ and ‘E,” respectively. The
5 uM cisplatin+5 mM metformin +EP (343,310 RLU) and 10 uM cisplatin+5 mM met-
formin+EP (315,423 RLU) does not significantly vary and are represented by letter ‘E.’
Moreover, interestingly, the same reduced level of glucose could be achieved at a lower
dose of 10 uM cisplatin+5 mM metformin with EP (315,423 RLU) compared to 30 uM
cisplatin+5 mM metformin without EP (312,880 RLU). Both are denoted by the letter
‘E.” Therefore, we can say that it strengthens the fact that EP enhances the uptake of the
drug where metformin promotes energy stress [48] and cytotoxicity at a lower dose com-
pared to drug only. The higher concentration, i.e., 15 uM cisplatin +5 mM metformin + EP
(269,708 RLU) and 30 pM cisplatin+5 mM metformin+EP (222,570 RLU) are signifi-
cantly different and are represented by letters ‘F” and ‘G’ respectively.

In Table 9, the lower F value (8.28) for MFC10A than MDA-MB-231 (F value of 193.5)
indicates a low variability amongst the group means between the 15 treatment samples.
The same is evident from Fig. 9, where the glucose levels are relatively close together (low
variability). Besides, there is no substantial drop in glucose levels, even for 5 mM met-
formin+30 pM cisplatin+EP drug combination (764,947 RLU for MCF10A compared
to 222,570 RLU for MBA-MB-231). Therefore, we can state that the cancer cells are sus-
ceptible to the proposed drug combination with EP compared to non-cancerous MCF10A.

In Fig. 10, we outline a comparison between the mechanism of metformin + cis-
platin working in synergy based on the experimental observation, with and without EP.

Table 8 Summary of ANOVA analysis on the glucose metabolic assay for MBA-MB-231 with a total of 15
treatments

ANOVA table Sum-of-squares Degree of  Mean square (MS) F (DFn, DFd) P value
(SS) freedom
(DF)
Between treat- 2,245,625,669,547 14 160,401,833,539  F (14,30)=193.5 P<0.0001
ments
Within treatments ~ 24,874,579,470 30 829,152,649
Total 2,270,500,249,017 44
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Table 9 Summary of ANOVA analysis on the glucose metabolic assay for MCF10A with a total of 15 treat-
ments

ANOVA table Sum-of-squares  Degree of Mean square (MS) F (DF,, DF,) P value
(SS) freedom
(DF)
Between treatments ~ 70,007,760,389 14 5,000,554,313 F (14,30)=8.28 P<0.0001
Within treatments 18,117,447,264 30 603,914,909
Total 88,125,207,653 44
Fig.9 The intracellular glucose 1 MDA-MB-231 & MCF10A: 24h Glucose Metabolic Assay
metabolite levels after cell 1. o MDA-MB-231
lysis and using Glucose-Glo™ 900000 *~2a . . -+ MCF10A
(Promega) for MDA-MB-231 1 3 b ccoc¢ d d
and MCF10A cell for metformin 800000 g § o d
(5§ mM), EP only and various 3 7000004
concentrations of cisplatin and x 1
cisplatin+5 mM metformin with & 600000
and without EP at 24 h. The § 500000_’
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Fig. 10 An illustration of a plausible mechanism. a With only metformin+ cisplatin b metformin + cisplatin
in the presence of electric pulse shows synergy based on the enhanced uptake, as can be seen from experi-
mental observation

a

Figure 10a shows without EP, where cisplatin causes cell apoptosis by damaging the DNA
under increased levels of ROS while assisted by metformin to lower the AMP:ATP creat-
ing energy stress and expression of LKB1. In contrast, Fig. 10b shows that with EP, the
opening of the cell pore leads to enhancement in the amount of drug delivered. It results in
a ROS suppressor [49] by further lowering the AMP:ATP ratio.
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Conclusion

Our results demonstrate the synergy of the combination of metformin and cisplatin,
along with electrical pulses to decrease cell viability to 25.86% at 24 h for MDA-MB-231
TNBC cells. The resulted cell death with EP is 2xless than drug only at 30 uM cispl-
atin+5 mM metformin at 24 h. The 6 X increase in oxidative stress and lowering of glucose
creating ATP deficiency of up to 4 X times reveals that electrical pulses reduce the prolif-
eration of cancer cells. Furthermore, the experimental data suggest that the equivalent cell
death can be achieved at a lower concentration of drug dose combination in the presence
of an electric field than drug combination alone. For instance, cell survival percentage at
the 30 uM cisplatin+5 mM metformin can be attained at 15 pM cisplatin+5 mM met-
formin + EP. Furthermore, based on the experimental observations, we can infer that the
metformin + cisplatin+ EP combination has a specific effect on the MDA-MB-231 TNBC
cells as the non-cancerous MCF10A cells did not show any significant variation w.r.t the
cell viability and other assays. The results present preliminary signs of the potential of this
combination therapy to clinical applications. The growing interest in alternative treatment
and electrochemotherapy can benefit cancer survival rates and lesser side effects.
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