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Purpose: Kaempferia parviflora extracellular vesicles (KPEVs) have been reported as promising nanovesicles for drug delivery. This
study aimed to load clarithromycin (CLA) into KPEVs (KPEVS-CLA) and determine the physical properties, drug-releasing
efficiency, gastric cell uptake, anti-H. pylori activities, and anti-inflammatory responses in comparison with free CLA and KPEVs.
Methods: The size and surface charge of KPEVs-CLA were evaluated using dynamic light scattering and visualized using
a transmission electron microscope. The encapsulation efficiency (EE%), loading capacity (LC%), and drug release of KPEVs-CLA
were examined using HPLC. Anti-H. pylori growth and anti-adhesion were evaluated. /L-8 gene expression, NF-kB signaling proteins,
and anti-inflammatory profiles were examined using qRT-PCR, Western blotting, and Bio-Plex immunoassay, respectively. Anti-
chemotaxis was then examined using a Transwell assay.

Results: KPEVs-CLA were intact and showed a negative surface charge similar to that of KPEVs. However, slightly enlarged KPEVs
were observed. CLA was successfully loaded into KPEVs with EE of 93.45% =+ 2.43%, LC of 9.3% + 3.02%. CLA release in the PBS
and gastric mimic buffer with Fickian diffusion (n < 0.43) according to Korsmeyer-Peppas kinetic model (R*=0.98). KPEVs-CLA was
localized in the gastric cells’ cytoplasm and perinuclear region. Anti-H. pylori growth and anti-H. pylori adhesion of KPEVs-CLA
were compared with those of free CLA with no cytotoxicity to adenocarcinoma gastric cells. KPEVs-CLA significantly reduced IL-8,
G-CSF, MIP-1a, and MIP-1f levels. Moreover, KPEVs-CLA showed a superior effect over CLA in reducing G-CSF, MIP-1a, and NF-
kB phosphorylation and monocyte chemotactic activities.

Conclusion: KPEVs serve as potential carriers of CLA. They exhibited a higher efficiency in inhibiting gastric cell inflammation
mediated by H. pylori infection than free CLA. The establishment of KPEVs-CLA as a nanodrug delivery model for H. pylori
treatment could be applied to other plant extracellular vesicles or loaded with other cancer drugs for gastric cancer treatment.
Keywords: extracellular vesicle, clarithromycin, Kaempferia parviflora, Helicobacter pylori, inflammation

Introduction

Kaempferia parviflora (KP) or Krachaidam, a Thai medicinal plant, has been used locally for treating gastrointestinal tract
diseases since ancient times. KP rhizome, also known as black ginger, contains anti-microorganism, anti-inflammatory,
anticancer, antiallergic, anti-osteoarthritis, antioxidant, cardioprotective, neuroprotective, sexual-enhancing, and physical-
enhancing activities.'® The major active compounds are methoxyflavones and their derivatives.® Our previous study
demonstrated the inhibitory activity of crude KP extract against Helicobacter pylori, an etiological agent of gastric
cancer.”® Additionally, KP significantly reduced H. pylori internalization into gastric cells, inflammatory response, and

leukocyte chemotaxis.’
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Plant-derived extracellular vesicles (PDEVs) are natural nanoparticles (approximately 50-1000 nm) that are biolo-
gically released from plant cells and accumulate within the apoplastic space.'® These PDEVs deliver nutrients, growth
factors, and bioactive chemical compounds to different plant parts. PDEVs have recently become a novel alternative
nanoparticle in the study of nanomedicine because they are biologically friendly and cost-effective. PDEVs can be loaded
with drugs and miRNA or can modify the extracellular vesicles (EVs) surface like an engineered synthetic nanoparticle.
The attractive advantages of PDEVs over synthetic nanoparticles are their high biocompatibility and low toxicity due to
their natural origin.'""'> The active compounds from medicinal plants were spontaneously packed into PDEVs, and their
therapeutic properties have been extensively revealed.">'> Based on our previous findings, Kaempferia parviflora
extracellular vesicles (KPEVs) were successfully isolated from fresh KP rhizomes using differential and sucrose density
gradient centrifugation, which is the most common method for isolating PDEVs.'®!” The characteristics of KPEVs
demonstrate promising drug delivery features that are compatible with treating gastrointestinal diseases, such as its
nanosize (200-300 nm) with negative surface charge (14.7 + 3.61 mV), internalization into gastric cells with acid
tolerance, dimethoxyflavone packaging, and low cytotoxicity.'®

H. pylori is an initiation factor of gastric diseases (eg, gastritis, gastric ulcers, and gastric cancer).'”° The infection
modulates the immune response by NF-kB pathway-related receptors, thereby releasing proinflammatory cytokines and
chemokines.'>?' Subsequently, the released chemokines recruit more inflammatory cells to the infected area, enhancing
tissue inflammation. Chronic gastric inflammation further develops into gastric cancer. In prolonged infection, reactive
oxygen species induced by oxidative stress also promote host DNA damage. Currently, antimicrobial drugs are the most
common and effective therapy for treating H. pylori infection. An up-to-date treatment guideline recommends clari-
thromycin (CLA)-based triple therapy as the first-line treatment.?? Unfortunately, CLA has extreme hydrophobicity and
low solubility in aqueous solution. Hence, to improve drug systemic drug biodistribution, polymers have been combined
with CLA to improve their solubility in body fluids. The polymers have the side effect of elevating the viscosity of the
gastric mucus, thereby impairing the efficiency of drug penetration into the H. pylori niche in the mucus layer.*> On the
other hand, CLA-loaded amine-functionalized mesoporous silica nanoparticles (MSNs-NH2) were found to distribute
and accumulate in the liver, kidney, and lung tissues of NMRI mouse models, enhancing drug delivery to these tissues
efficiently.?* Additionally, CLA-loaded nanostructured lipid carriers exhibited mucoadhesive properties that could
potentially increase the ocular bioavailability of CLA»

Thus, this study aimed to use KPEVs as a vehicle for CLA delivery. The physical properties of KPEVs-CLA and drug
release profiles were compared with those of free CLA. The feasibility of passive loading of CLA into KPEVs (KPEVs-
CLA) for H. pylori treatment was examined, including cytotoxicity, anti-H. pylori activities, and anti-inflammatory
properties. These findings could provide a theoretical basis for an alternative strategy for treating H. pylori infection, and
KPEVs could be applied as a promising therapeutic approach to other infectious and inflammatory diseases.

Materials and Methods

Materials

Clarithromycin and sucrose were purchased from Glentham Life Sciences (Corsham, UK). Phosphate buffer saline (PBS)
was purchased from GE Healthcare (Chicago, IL, USA). Acetonitrile HPLC grade and modified Giemsa stains were
purchased from Merck Millipore (Burlington, MA, USA). Recombinant MCP-1 was purchased from ImmunoTools,
Germany.

KPEVs Isolation and Purification

KPEVs were isolated according to our previous method,'® which was modified from Sung et al.?® Fresh KP rhizomes
were ordered from a local farm at Khao Kho, Phetchabun, Thailand. The plant material was identified by
Mrs. Parinyanoot Klinratana of the Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok,
Thailand, and a specimen voucher (number A17644) was deposited at the department’s herbarium. No additional
approvals from institutional/local regulations were required to conduct research with plant material. The KP rhizomes
were washed and pressed to obtain the KP juice. The supernatant was then collected and centrifuged using Sorvall
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Legend XT/XF centrifuge under the following conditions: 1000 x g, 2000 x g, 4000 x g, and 10,000 x g for 10, 20, 30,
and 60 min, respectively, followed by ultracentrifugation at 150,000 x g for 2 h (Sorvall WX100 + ultracentrifuge,
T647.5 rotor, K,q; = 201). The 8%/30%/45% sucrose density gradient was performed at 150,000 x g (Hitachi Koki himac
CS150NX, S55A rotor, K,qj = 73.4) for 1.5 h. The protein concentration of KPEVs was measured using the Bradford
protein assay (Bio-Rad Laboratories, CA, USA), which was used to represent the KPEVs concentration.

Preparation and Quantification of KPEVs Loaded with CLA (KPEVs-CLA)

CLA stock (20 mg/mL) was prepared in acetone and then diluted in 1X PBS to final concentrations of 10 pg/mL, 100 pg/
mL, and 1000 pg/mL. The amount of KPEVs and CLA was prepared in the ratio between the total protein of KPEVs (ug)
and the total weight of CLA (ug). Passive loading of CLA into KPEVs was performed by mixing each CLA
concentration with the KPEVs at ratios (KPEVs: CLA) 1:1, 1:10, and 1:100 (w/w). The mixtures were incubated at
room temperature for one hour on a rotator. This incubation method was modified from that described by Yang et al.?’
Free CLA was separated from the KPEVs-CLA fraction by centrifugation using a Nanosep 10 kDa MWCO filter (Pall,
NY, USA) at 10,000 x g for 20 min. KPEVs-CLA was then washed twice with 1X PBS and resuspended in 1X PBS.

KPEVs-CLA was filtered sterile through a 0.45-pum filter and stored at —80°C until use.

Encapsulation Efficiency and Loading Capacity

The amount of CLA loaded in KPEVs was determined using HPLC and calculated based on CLA standard curves. The
isocratic run was performed using an acetonitrile mixture and 0.1-M potassium dihydrogen phosphate buffer (55:45 v/v),
pH 4.4, as the mobile phase with a flow rate of 0.6 mL/min and temperature of 40°C. A Purospher reverse phase column
C18 with a 5-pum particle size of 4.0 x 250 mm (Merck Millipore, USA) was used as the solid phase. KPEVs-CLA lysate
was prepared by dissolving in acetonitrile at 4°C overnight, then centrifuged at 7000 x g for 10 min. The KPEVs-CLA
lysate and free CLA fractions were first concentrated using SpeedVac vacuum concentrators (Thermo Scientific, MA,
USA) and further injected into the HPLC system. Each sample injection volume was set at 20 uL., and CLA was detected
using UV-VIS at 210 nm. CLA standards (1 pg/mL-1 mg/mL) were prepared in the mobile phase to generate the
standard curve. The peak area represents the CLA concentration in each sample and standard. Encapsulation efficiency
(EE%) and loading capacity (LC%) were calculated using the following formulas:

(Total CLA added — Free CLA filtrate)

Total CLA added X100

EE (%) =

LC (%) = Amount of total loads:d CLA 100
Total KPEVs weight

Characterization of KPEVs-CLA by DLS and Transmission Electron Microscopy (TEM)
The particle size distribution and surface charge of KPEVs-CLA, prepared at a ratio of 1:100, were evaluated using
a Zetasizer Nano ZS dynamic light scattering (Malvern Instruments, Malvern, UK) with a 4-mW He—Ne laser light
source of 633 nm, 25°C, and 173° angle. The size distribution, polydispersity index (PDI), and zeta potential were
calculated using Zetasizer software. The parameters of PBS (refractive index at 1.330, viscosity at 0.8882 cP, and
dielectric constant at 79.0) were set in a sample dispersant setting. TEM imaging was performed using a JEM-1400
electron microscope (JEOL, Japan) to observe KPEVs-CLA morphology.

KPEVs-CLA Lipophilic Staining

KPEVs (500 pg/mL) were stained with Dil (1,1'-Dioctadecyl-3,3,3",3"-Tetramethylindocarbocyanine Perchlorate) at
a final concentration of 1 pg/mL and then incubated at 37°C in the dark for 20 min. The labeled KPEVs were washed
with 1X PBS and spun through a Nanosep 10 kDa MWCO filter (Pall, NY, USA) at 10,000 x g for 15 min to remove
unbounded fluorescence dye. Labeled KPEVs were prepared fresh or maintained at 4°C for cellular localization assay.

International Journal of Nanomedicine 2024:19 hetps: 1969
Dove:


https://www.dovepress.com
https://www.dovepress.com

Nemidkanam et al Dove

KPEVs-CLA Cellular Localization

Adenocarcinoma gastric cells (AGS cells, brought from ATCC, VA, USA) were cultured in RPMI 1640 medium supplemented
with 10% (v/v) fetal bovine serum (Hyclone, UT, USA) at 37°C in 5% CO, and 80% humidity. Cells (8 % 10* cells/well) were
seeded on sterile coverslips, placed in a 24-well plate, and cultured in complete RPMI for 24 h. Each coverslip was washed with
1X PBS before treatment. Subsequently, 50-pg/mL Dil-labeled KPEVs-CLA was added to RPMI and incubated at 37°C for
12 h. Cells were washed with 1X PBS, fixed with 4% paraformaldehyde, and the nuclei were stained with DAPI. Labeled KPEVs-
CLA in gastric cells were imaged in z-stack mode using a confocal laser scanning microscope (Zeiss, Germany) at 549/565 nm
(Dil) and 358/461 nm (DAPI).

In vitro Release Efficiency of Loaded Clarithromycin

The CLA release study was conducted using dialysis under sink condition. Simulated gastric fluid (SGF) buffer (pH 1.2) and
1X PBS (pH 7.4) were used as releasing buffers to study the efficiency of CLA release under gastric-like and neutral
conditions, respectively. The drug-releasing method was modified from that described by Zhang et al.'> KPEVs-CLA (100-pg
CLA) was loaded into a D-Tube Dialyzer tube MWCO 10 kDa (Sigma-Aldrich, MO, USA), placed into 10-mL each releasing
buffer, and incubated in a shaking incubator at 100 rpm, 37°C. Then, 100-uL each releasing buffer was collected periodically
at0,1,2,4, 6,8, 24,48, and 72 h and replaced with the same volume of fresh buffer at each time point. To ensure the analytical
sensitivity, the remaining KPEVs-CLA in the dialysis tube and releasing buffer were further concentrated using a SpeedVac
vacuum concentrator (Thermo Scientific, MA, USA). The samples were then resuspended in acetonitrile and injected into
HPLC. The cumulative release percentage (%) was calculated using the following formula:

Weight of CLA in releasing buffer

100
Weight of CLA in the lysate %

Cumulative release percentage (%) =

The release mechanism of CLA from KPEVs was evaluated using the Korsmeyer-Peppas kinetic mathematical model as
this model is applicable for the unknown release mechanism.
M,
My

= Kt"

where, M; is the amount of drug released at time t, M,, is the amount of drug released after time oo, K is a kinetic
constant, n is a release exponent that indicates the mechanism of drug release from the KPEVs. The value of n signifies
the mechanism of drug release; a value of 0.43 or below 0.43 for a sphere suggests diffusion-controlled release (Fickian
diffusion). A value between 0.43 and 0.85 suggests anomalous diffusion (non-Fickian diffusion), while a value of 0.85
suggests relaxation-controlled release. A value higher than 0.85 indicates super transport.”®

H. pylori Growth Inhibition Assay and Minimum Bactericidal Concentrations (MBC) of
KPEVs-CLA

The effect of KPEVs-CLA on H. pylori growth was determined using a broth microdilution assay and a resazurin
indicator. Three-day-old cultures of H. pylori were suspended in a Brain Heart Infusion (BHI) broth supplemented with
10% FBS and adjusted to 1 x 10® cfu/mL using McFarland densitometers (Biosan, Riga, Latvia). CLA (20 mg/mL) and
KPEVs-CLA stock (100-pg CLA) were diluted in BHI broth to final concentrations at 0.015-0.12 pg/mL. The diluted
solutions were then added to a 96-well plate, followed by inoculation with 10 uL (1 x 10° cfu) of H. pylori. The plate
was then incubated for 24 h under microaerophilic conditions (Anaero Pack-MicroAero, Mitsubishi gas chemical, Japan).
CLA at 0.25 pg/mL was used as a control, according to CLSI guidelines. Resazurin fluorescent dye (6 mg/mL) was then
added to each well and incubated for 3—4 h. The fluorescence intensity was measured at 550/600 nm. Percentage growth
inhibition and 50% inhibitory concentration (ICso) were calculated.

To determine the minimum bactericidal concentrations (MBC) of KPEVs-CLA, H. pylori was treated with CLA or
KPEVs-CLA for 24 h using a broth microdilution assay. Then, 10-pL culture in each well was grown on BHI agar
supplemented with 7% (v/v) sheep blood for three days. The lowest concentration that exhibited no H. pylori growth was
considered an MBC.
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H. pylori Adhesion Assay

Urease assay was used to detect H. pylori adherence as described by Tharmalingam et al.~ AGS cells were seeded onto a 96-well
plate at 1 x 10* cells/well in antibiotic-free RPMI medium with 10% FBS for 24 h. Three-day-old H. pylori were prepared in an
RPMI medium and co-incubated with AGS cells (multiplicity of infection (MOI) = 1:100). CLA or KPEVs-CLA stocks were
diluted in RPMI to a final concentration of 0.01-0.48 ng/mL and further co-incubated for two hours. RPMI and KPEVs alone
were used as untreated and vehicle controls. The cells were then washed thrice with 1X PBS, and adherent H. pylori was
quantified by adding 100-uL BBL Urease broth (Becton Dickinson, MD, USA) to each well then incubated at 37°C for
two hours. The absorbance was measured at 560 nm using a microplate reader (BioTek, USA). The percentage of H. pylori

1%

adhesion was calculated and compared with the media control.

Cytotoxicity Assay

Thiazolyl Blue Tetrazolium Blue (MTT) assay was performed to assess cell viability. AGS and THP-1 (human leukemia
monocytes) cell lines were cultured in an RPMI 1640 medium supplemented with 10% (v/v) fetal bovine serum
(Hyclone, UT, USA) at 37°C in 5% CO, and 80% humidity. THP-1 cells were generously provided by Asst. Prof.
Viroj Boonyaratanakornkit, Department of Clinical Chemistry, Faculty of Allied Health Sciences, Chulalongkorn
University. Both cells were seeded onto a 96-well plate at a seeding density of 1 x 10* cells/well and 1 x 10° cells/
well, respectively. The CLA or KPEVs-CLA were diluted to 0.01-0.12 pg/mL with the culture medium and added to
each well. PBS and KPEVs (0.12 pg/mL) were added to the untreated and vehicle control wells. AGS cells were co-
incubated with each treatment for 6, 12, and 24 h. THP-1 cells were treated only at 24 h to further evaluate chemotaxis
activity. MTT solution (5 mg/mL) was added and incubated for four hours in the dark. The cells were permeabilized in
100-pL 10% (w/v) SDS to solubilize the formazan crystals. The absorbance was measured at 570 nm using a microplate
reader (BioTek, USA). Viable cell percentage was calculated and compared with the untreated control cells.

Real-Time Quantitative Reverse Transcription PCR (qRT-PCR)

IL-8 as a proinflammatory cytokine marker gene was quantified using qRT-PCR. AGS cells (1 x 10° cells/well) in a 6-well
plate were co-cultured with 3-day-old H. pylori (MOI = 1:100). CLA or KPEVs-CLA at 0.01-0.12 pg/mL prepared in RPMI
were added and incubated for 12 h. RPMI and KPEVs alone were used as untreated and vehicle controls. Cells were lysed and
extracted using GENEzol (Geneaid Biotech, Taiwan) according to the manufacturer’s instructions. mRNA was converted into
cDNA using Maxime RT PreMix Oligo(dT)15 Primer (iNtRON Biotechnology, South Korea). cDNA was amplified using
SYBR iTaq DNA Polymerase reagent (Bio-Rad Laboratories, CA, USA) with a CFX96 real-time quantitative PCR system
(Bio-Rad Laboratories, CA, USA). All primers were purchased from U2Bio, South Korea, and their sequences were as
follows: IL-8-F, 5'-TCC AAA CCT TTC CAC CCC AA-3"; IL-8-R, 5'- ACT TCT CCA CAA CCC TCT GC-3'; GAPDH-F,
5'-CTG ACT TCA ACA GCG ACA CC-3'; GAPDH-F, 5-GTG GTC CAG GGG TCT TAC TC-3'. The thermal cycling
program was set as follows: pre-denature at 95°C for 5 min, denature at 95°C for 30s, annealing/extension at 58°C for 30s, and
repeated for 40 cycles. The relative mRNA expression level was determined through the cycle threshold (Ct) normalized
against GAPDH using the 2—AACt formula.

Western Blotting of the NF-kB Signaling Pathway

AGS cells (1 x 10° cells/well) were seeded in a 6-well plate and incubated for 24 h in complete RPMI without antibiotics.
Cells were induced with 3-day-old H. pylori (MOI = 1:100), then CLA or KPEVs-CLA at 0.06 pg/mL prepared in RPMI
were added and further incubated for 1 h. RPMI and KPEVs alone were used as untreated and vehicle controls. AGS
cells were lysed, and total protein was determined using the Bradford assay. Each sample was subjected to 5%/10% SDS-
PAGE and transferred to a PVDF membrane at 100 V for 70 min. The membrane was blocked with 5% BSA/TBS-T for
one hour and incubated overnight at 4°C with the following primary antibodies: p-NF-«kB p65, NF-kB p65, and GAPDH
(Cell signaling technology, USA). The membrane was washed thrice with 1x TBS-T, for ten minutes. HRP-conjugated
anti-mouse secondary antibody was added, incubated for 60 min, and washed with 1x TBS-T. Protein signals were
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developed using the Amersham ECL prime Western blotting detection kit (GE Healthcare, USA). Protein bands were
captured using Amersham ImageQuant 800 (Cytiva, MA, USA) and quantified using ImageJ software.

Bio-Plex Multiplex Immunoassay

To study the anti-inflammatory profile of KPEVs-CLA, cytokine levels were determined using Bio-Plex Pro Human
Cytokine 27-plex (Bio-Rad Laboratories, Hercules, CA) according to the manufacturer’s instructions. The AGS cells
were co-incubated with each treatment at 0.06 pg/mL for 6, 12, and 24 h as described above. The cultured media was
collected and centrifuged at 700 x g for five minutes in a refrigerated centrifuge. The quantity of all 27 cytokines (FGF
basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-18, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-
15, IL-17A, 1P-10, MCP-1, MIP-1a, MIP-1B3, PDGF-BB, RANTES, TNF-a, and VEGF) were analyzed using Bio-Plex
Data Pro Software (Bio-Rad, USA).

Monocyte Chemotaxis Assay

Antimonocyte chemotaxis activity was demonstrated using Transwell assay.” A transwell with a 5-um polycarbonate filter
(Corning, NY, USA) was inserted into a 24-well cell culture plate. THP-1 cells were washed and resuspended in an RPMI
medium without FBS. The cells (10° cells) were co-cultured with CLA or KPEVs-CLA at 0.06 ug/mL in the upper chamber
of the Transwell. RPMI and KPEV's were used as untreated and vehicle controls, respectively. In the lower chamber, RPMI
was added for non-chemotaxis control, and RPMI was supplemented with 10-ng/mL MCP-1 as a chemoattractant for every
test well. Subsequently, the transwells were incubated at 37°C for 1.5 h and washed twice with PBS. Then, ice-cold methanol
was added to fix the cell for 10 min, stained with modified Giemsa for 30 min, and imaged for ten fields using a light
microscope with a 20X objective lens. Chemotaxis cells were counted using ImagelJ software.

Statistical Analysis

The replicated data are presented as a mean + SD. Graph plotting, heatmap generation, and statistical testing were
performed using GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA). The difference between the control and
test groups was calculated using one-way ANOVA followed by Bonferroni post test. Statistical significance was
considered for p < 0.05, p < 0.01, or p < 0.001. For heatmap generation, average cytokine concentrations were initially
normalized using z-score normalization to scale cytokine levels within each cytokine and incubation time.

Results

Preparation of KPEVs-CLA, Physical Characterization, and Drug Release

At an equal amount of KPEVs and CLA (KPEVs: CLA = 1:1), the highest EE% of 92.10% + 3.75% was found
(Figure 1A). However, it gave the lowest LC% at only 1.60% + 0.46%. CLA at 1:10 and 1:100 reduced EE% to 57% +
11.70% and 28.81 =+ 1.36%, whereas LC% increased to 9.3% =+ 3.02% and 93.45% + 2.43%, respectively. Therefore, the
KPEVs: CLA ratio of 1:100 with highest LC% was chosen for KPEVs-CLA for further DLS, TEM, and biological
experiments.

The integrity, size distribution, and surface charge of KPEVs-CLA, at a ratio of 1:100, were analyzed using DLS. The size
range of KPEVs-CLA was 352.2 + 22.83 nm with a polydispersity index (PDI) of 0.3 + 0.069. The surface charge of KPEVs-
CLA was negative, represented by a zeta potential of —14.8 mV £ 0.56 mV (Figure 1C). The TEM image showed the
corresponding size and intact KPEVs after CLA loading (Figure 1B). The CLA release kinetics were time-dependently sustained
in neutral pH (PBS, pH 7.4) and acidic buffer (stimulated gastric buffer (SGF), pH 1.2). Rapid drug release in the first hour was
observed at an exponential rate (37.67% + 8.36% and 24.38% + 10.72% in PBS and SGF, respectively) (Figure 1D). The
releasing rate was slower and constant during 848 h and then elevated again during 48—72 h. CLA release under gastric-like
conditions (25.96% + 9.97%) was 1.67-fold slower than that in 1X PBS (43.36% + 10.65%) at 2 h. Additionally, the drug release
profiles fit the Korsmeyer-Peppas kinetic model, indicating Fickian diffusion in both PBS and SGF media, as the n values were
less than 0.43 (Table S1).
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Figure | Optimization of KPEVs-CLA preparation, physical characterization, and drug release profile. (A) Encapsulation efficiency (EE%) and loading capacity (LC%) of each
KPEVs-CLA preparation were analyzed using HPLC. (B) Morphology of KPEVs-CLA. The scale bar indicates 300 nm. (C) The size distribution and zeta potential of KPEVs-
CLA, at a ratio of 1:100, were determined via DLS using a Zetasizer Nano ZS. (D) The CLA-releasing profile at 0-72 h in IXPBS (pH 7.4) or stimulated gastric buffer (SGF)
(pH 1.2) was analyzed using HPLC (**p < 0.01). The results are presented as the mean * SD of three independent experiments. Statistical analysis was performed using one-
way ANOVA with Bonferroni post hoc tests.

Localization of KPEVs-CLA in Gastric Cells

Dil-labeled KPEVs and KPEVs-CLA exhibited the same localization (Figure 2A). Accordingly, z-stack 3D imaging
demonstrated that KPEVs-CLA (Figure 2B) could be localized in the cytoplasm compartment of AGS cells close to the
DAPI-stained nuclear membrane (blue) as KPEVs.

Anti-H. pylori Growth of KPEVs-CLA

KPEVs-CLA exhibited a similar dose-dependent inhibition effect as free CLA (Figure 3A). Anti-H. pylori growth was
significantly observed at the lowest CLA concentration of 0.01 pg/mL, and more notably at 0.03—0.12 pg/mL. The
inhibition effect of KPEVs-CLA was significantly detectable at 0.03—0.12 pg/mL. The half-inhibitory concentrations
(IC50) of CLA (0.029 £ 0.002 pg/mL) and KPEVs-CLA (0.032 £+ 0.003 pg/mL) were similar. Moreover, the MBC of
CLA and KPEVs-CLA were 0.06 ng/mL.

Anti-H. pylori Adhesion Activities of KPEVs-CLA on Gastric Cells

After two hours of co-incubation, CLA and KPEVs-CLA showed a significant concentration-independent reduction effect on
H. pylori adhesion (Figure 3B). At the lowest concentration (0.01 pg/mL), KPEVs-CLA and CLA reduced H. pylori adhesion to
64.80% = 11.72% (1.52-fold decrease) and 82.12% + 11.40% (1.20-fold decrease), respectively. The highest anti-adhesion effect
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Figure 2 Confocal microscopy images of KPEVs and KPEVs-CLA localization in human gastric cells (A). AGS cells were co-cultured with Dil-labeled KPEVs or Dil-labeled
KPEVs-CLA for 12 h. The cell nuclei were stained with DAPI (blue). The scale bar indicates 20 pm. (B) Ortho view of confocal microscope z-stack images of KPEVs
localization in AGS human gastric cells. AGS cells were co-cultured with Dil-labeled KPEVs (red) for 12 h. The cell nuclei were stained with DAPI (blue). The scale bar
indicates 5 ym.

was observed with KPEVs-CLA at 0.48 pg/mL (2.46-fold decrease) and CLA at 0.24 ng/mL (1.79-fold decrease). Additionally,
KPEVs alone showed a slight inhibition effect, approximately a 1.16-fold decrease.

Cytotoxic Effects of KPEVs-CLA on Gastric Cells

CLA and KPEVs-CLA at 0.01-0.12 pg/mL, which are in the MBC range, were tested against AGS cells. The cell
viability percentage of CLA and KPEVs-CLA treatments was between 105.92% and 91.57% at 624 h (Figure 3C).
Therefore, all treatments insignificantly reduced cell viability.

Anti-Inflammatory Effect of KPEVs-CLA Against H. pylori-Induced IL-8 Gene
Expression and the NF-kB Signaling Pathway

To investigate the anti-inflammatory effect of KPEVs-CLA on H. pylori infection at the transcriptional level, IL-8 mRNA
expression was determined using qRT-PCR at 12 h. As shown in Figure 4A, the /L-8 gene was highly upregulated in
AGS cells induced by H. pylori. CLA and KPEVs-CLA significantly concentration-independently reduced /L-8§
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Figure 3 Effect of KPEVs-CLA against H. pylori growth, adhesion, and gastric cell viability. (A) Inhibition of H. pylori growth was performed by resazurin bacterial viability
assay after co-culturing with various CLA and KPEVs-CLA concentrations for 24 h (Media vs HP: ™#p < 0.001, HP vs treatments: ¥p < 0.01, ¥p < 0.001). (B) Inhibition of
H. pylori adhesion to the human gastric cell surface was performed by urease assay after co-culturing with different CLA and KPEVs-CLA concentrations for 2 h (AGS vs HP:
###p < 0.001, HP vs treatments: *p < 0.05, ¥*p < 0.001). (C) Cell viability of AGS cells after incubation with different CLA and KPEVs-CLA concentrations for 624 h using
MTT assay. The results are presented as the mean + SD of three independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post
hoc tests.

Abbreviation: HP, H. pylori.

expression. Treatment with CLA at 0.06 pg/mL showed the highest inhibition with a 3.44-fold reduction, whereas the
most efficient concentration of KPEVs-CLA was at 0.03 pg/mL with a 4.02-fold reduction. However, the reduction in /L-
8 expression by CLA and KPEVs-CLA at 0.03-0.12 pg/mL was insignificant. Furthermore, KPEVs alone at 0.12 pg/mL
significantly reduced /L-8 expression with a 1.47-fold reduction. Therefore, CLA and KPEVs-CLA were chosen for the
subsequent experiments at a concentration of 0.06 pug/mL.

NF-«B is an upstream signaling protein that regulates the expression of most proinflammatory cytokine genes. CLA
did not have a significant inhibitory effect on pNF-kB expression. However, KPEVs and KPEVs-CLA significantly
downregulated pNF-kB, of which KPEVs-CLA exhibited the most significant downregulation, with a 1.79-fold decrease
(Figure 4B). These results indicated that KPEVs-CLA effectively inhibits anti-inflammatory activity through the NF-«xB
signaling pathway.
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Figure 4 Anti-inflammatory effect of KPEVs-CLA on marker gene and protein expression. (A) Relative expression of the IL-8 gene after co-culturing with H. pylori and
different CLA and KPEVs-CLA concentrations at |2 h evaluated using RT-qPCR (AGS vs HP: *#p < 0.001, HP vs treatments: *p < 0.01, and **p < 0.001). (B) Western
blotting of NF-kB and pNF-kB in the whole cell lysate of CLA and KPEVs-CLA treated H. pylori-infected cells (*p < 0.05, **p < 0.01, and ***p < 0.001). The results are
presented as mean * SD of three independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post hoc tests.

Abbreviation: HP, H. pylori.

Effect of KPEVs-CLA on Cytokine Production in H. pylori-Infected Gastric Cells

Multiplex cytokine analysis was performed to study the effect of KPEVs-CLA on H. pylori-induced cytokine release.
A heatmap was generated to provide a comprehensive overview of the effect of H. pylori and treatments on cytokine release
at different incubation times (Figure 5A). Secreted cytokines with levels below the limit of detection of the assay were
excluded (ie, FGF basic, IL-1f, IL-1ra, IL-2, IL-4, IL-5, IL-7, IL-13, IL-15, IL-17A, MCP-1, PDGF-BB, and TNF-a).
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Figure 5 Multi-cytokines analysis of H. pylori-infected cells at 6, 12, and 24 h under 0.06-pg/mL KPEVs, CLA, and KPEVs-CLA. (A) Heatmap representation of the cytokine
profile in each treatment group. The heatmap color scale corresponds to the row Z-score. (B) Concentrations of IL-8, G-CSF, MIP-1a, and MIP-1 secretion (*p < 0.05,
**p < 0.01, and **p < 0.001). The results are presented as mean * SD of two to three independent experiments. Statistical analysis was conducted using one-way ANOVA
with Bonferroni post hoc tests.

Abbreviation: HP, H. pylori.
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H. pylori significantly induced the secretion of various proinflammatory cytokines (ie, IL-6, IL-8, IL-12, and IFN-y),
chemokines (ie, MIP-1a and MIP-1p), and growth factors (ie, VEGF, G-CSF, and GM-CSF). Additionally, IL-10 was the
only anti-inflammatory cytokine induced by H. pylori. Cytokine levels of IL-9, eotaxin, RANTES, and IP-10 were slightly
induced by H. pylori; however, they were statistically insignificant compared with uninfected AGS cells (Figure S1).

IL-8 was the most prominently responsive proinflammatory cytokine against H. pylori. CLA and KPEVs-CLA showed
similar reduction effects on IL-8 levels starting from 6 h, with the most inhibitory effect observed at 24 h compared with the
H. pylori-infected group (Figure 5B). KPEVs-CLA exhibited a slightly stronger inhibitory effect at 24 h with a 9.5-fold
decrease compared with CLA, which demonstrated a 5.8-fold decrease. Furthermore, KPEVs at 0.06 pg/mL exhibited no
inhibitory effect.

Anti-chemokine release of KPEVs-CLA was also observed in MIP-1o and MIP-1f (Figure 5B). KPEVs-CLA exhibited
a notable inhibition effect on MIP-1a at 624 h and MIP-1 at 12-24 h. The highest inhibition effect on each chemokine was
a 4.4-fold and 2.9-fold decrease, respectively. Conversely, CLA exhibited a less significant inhibition effect at a later
incubation time. It exhibited a 1.6-fold decrease in both MIP-1a and MIP-1f at 24 h. Additionally, KPEVs at 0.06 pg/mL
significantly reduced MIP-1a release at 24 h.

Interestingly, KPEVs-CLA demonstrated superiority in reducing growth factor release compared with free CLA.
KPEVs-CLA exhibited an inhibitory effect on G-CSF at 12 and 24 h with a 2.17-fold and 4.54-fold decrease,
respectively, whereas CLA had no effect (Figure 5B). Additionally, KPEVs could decrease G-CSF secretion at 24 h.

In summary, KPEVs-CLA significantly reduced IL-8, MIP-1a, MIP-1B, and G-CSF levels. KPEVs-CLA exhibited
more inhibitory effect than free CLA on releasing MIP-1a, MIP-13, and G-CSF.

Reduction of Monocyte Chemotaxis by KPEVs-CLA in Response to MCP-1 Attraction
The cytotoxicity of CLA and KPEVs-CLA did not affect THP-1 viability at 24 h (Figure 6A). To study the anti-
chemotaxis ability, MCP-1 was used as a chemoattractant. MCP-1 induced massive monocyte chemotaxis activity with
a 10.28-fold increase (Figure 6B). KPEVs exhibited an anti-chemotaxis effect with a 2.21-fold decrease. CLA also
significantly reduced the number of chemotactic cells (2.32-fold decrease), whereas KPEVs-CLA showed the highest
anti-chemotaxis activity (3.84-fold decrease). Thus, KPEVs-CLA has an enchantment effect on anti-chemotaxis activity.
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Figure 6 Bioactivities of KPEVs-CLA against THP-1 cells (A) Cell viability of THP-1 after incubation with different CLA and KPEVs-CLA concentrations at 24 h, evaluated
using the MTT assay. (B) Monocyte chemotaxis inhibitory effect of treatments performed using the Transwell assay (***p < 0.001). The results are presented as mean * SD of
three independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post hoc tests.
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Discussion

The current treatment for H. pylori infection still relies on antibiotics, particularly clarithromycin (CLA). CLA is
typically part of a first-line therapy known as triple therapy, quadruple therapy, or concomitant therapy. However, the
use of CLA in treatments has its limitations. Because of its low bioavailability and short half-life, CLA often requires
high doses and prolonged treatment. Consequently, a high prevalence of adverse effects is observed in 30-70% of
patients with symptoms such as nausea, headache, diarrhea, and gastric discomfort.'” There is also an increasing
prevalence of H. pylori resistance to CLA in the ASEAN region, with rates ranging from 17% to 43%.°° The
development of CLA in nanodrug platforms has shown promising effects on the treatment of infectious diseases.
Encapsulating CLA into a nanovector can improve the effectiveness of CLA against resistant bacteria while reducing
its adverse effects.’'**

Our previous findings showed that KPEVs exhibit promising properties as a new drug delivery vector. In this study,
CLA was spontaneously loaded into KPEVs (KPEVs-CLA) using the co-incubation method. This loading method favors
the encapsulation of a hydrophobic/lipophilic drug or various small molecules into the exosome lipid bilayer. Moreover,
membrane integrity is maintained by co-incubation loading in contrast to physical forces or chemical treatment (eg,
ultrasound, electroporation, freeze-thaw, extrusion, and saponin).*>** To achieve the highest LC% for maximized drug
delivery per unit of KPEVs, a high drug concentration typically required in the co-incubation method. Thus, the highest
KPEVs: CLA ratio of 1:100 was needed for the highest LC%, consistent with a previous report on doxorubicin co-
incubation loading into exosomes.>> However, when CLA saturated the hydrophobic region of KPEVs, excess unloaded
CLA remained, consequently reducing the percentage of successfully loaded CLA into KPEVs (EE%). The loading
capacity of doxorubicin into lemon PDEVs was 1.35 ug per 1 pg of PDEVs, which is comparable to the loading weight
observed in our KPEVs-CLA. Additionally, the slight increase in size after drug loading was similarly observed.*® It is
worth noting that applying mechanical force on EVs may improve drug loading and size distribution but could result in
a loss of cell internalization ability, their unique biocomposition, and bioavailability.>**7-*

An expansion in the size of KPEVs-CLA was observed compared with the original KPEVs,'® and PDI also slightly
increased. Nevertheless, the PDI of KPEVs-CLA is still considered homogeneous, which is suitable for drug delivery
applications.®® A similar size increase was also observed when doxorubicin was loaded into grapefruit PDEVs.*® EVs
generally exhibit a negative surface charge, contributed by their structural components (ie, phospholipids and glycans) and
surface-associated biomolecules such as nucleic acids.*' Although, CLA having a positive charge at pH 7, loading CLA into
KPEVs did not change their negative surface charge.** Similarly, minimal changes in zeta potential were observed in ginger
and lemon EV’s loaded with doxorubicin.'**® The negative surface charge could offer an advantage of using KPEVs-CLA for
targeting H. pylori infection. Negatively charged nanoparticles demonstrate enhanced mucus penetration activity, exhibiting
higher mobility within the extracellular matrix and intestinal mucus compared to positive charge.**** Accordingly, KPEVs-
CLA could be anticipated to efficiently penetrate through mucus layer, reaching the site of H. pylori infection on the gastric
epithelium surface. However, the properties of drug-loaded PDEVs may vary depending on the specific PDEVs, drug type,
and loading method. The KPEVs-CLA stability was mainly related to KPEVs features which are the outermost shell of
nanocarriers. In our previous study, it was demonstrated that KPEVs stably maintained at —20°C and —80°C for 8 weeks with
no freeze-thaw cycle.'® A stability study of milk EVs loaded with paclitaxel showed that storing loaded EVs at —80°C
preserved particle size, PDI, and drug content for up to 4 weeks.** Furthermore, doxorubicin-loaded lemon EVs revealed that
both loaded and unloaded EV's remained comparably stable in simulated blood conditions.>®

The drug solubility in PBS and SGF buffer is 0.12 mg/mL and 0.5 mg/mL, respectively.*®*” Therefore, we used a releasing
media volume at least 6 times greater than the drug solubility for ensuring sink conditions. The kinetic releases of CLA from
KPEVs were similar under neutral and gastric mimic environments. These results suggest that KPEVs-CLA exhibits no burst
effect, and the release is controlled by concentration gradient (Fickian diffusion). The results showed an exponential release
during the initial 1-8 h, followed by constant release until 72 h, with only a slightly slower rate observed in the gastric mimic
environment at 2 h. A similar release pattern was found in CLA encapsulated in liposomes and doxorubicin-loaded lemon
PDEVs in PBS buffer. They have a high release rate in the first 10 h followed by a slow-release rate until 72 h.**2%*® This
prolonged release suggests that CLA remained inside KPEVs for the duration required for KPEVs cell internalization, starting
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at 6 h and reaching its peak at 12 h."® This enabling the direct delivery of CLA into human gastric cells or H. pylori, further
modulate host cell-bacterial response. Additionally, as the gastrointestinal tract (GIT) serves as the site of drug absorption
through oral administration, encapsulating drugs within nanocarriers enhances their transport and absorption across the GIT
barriers, including the gastric barrier in the stomach, mucus, and epithelial barriers in the intestine. This facilitates their entry
into the systemic circulation via both the blood circulation and the lymphatic pathway.** This phenomenon has been
demonstrated by a novel curcumin-clarithromycin nano-emulsion (Cuur-CLR-NE), which showed superior effects in
abolishing gastric epithelium necrosis, reducing symptoms of gastritis, and diminishing inflammatory cell infiltration in the
lamina propria.’® Furthermore, CLA solubility increased and became more stable with a decreasing pH; the dissociation
constant was 8.76.%" Taken together, the enhanced solubility, stability, and sustained release of CLA from KPEVs in acidic
environments contribute to the compatibility of KPEVs-CLA for oral administration.

Antimicrobial activity is a pivotal property of CLA in combating H. pylori. The drug efficacy in KPEV nanovesicles
was maintained, and the growth inhibition and MBC of KPEVs-CLA against H. pylori corresponded to free CLA.
Adhesion of H. pylori to the gastric cell membrane is crucial for colonization and pathogenesis. A slight inhibitory effect
was observed in KPEVs, whereas CLA and KPEVs-CLA exhibited a stronger anti-H. pylori adhesion effect. Similar
findings have been reported for nanoparticles loaded with Garcinia mangostana extract or CLA, where the encapsulated
form showed anti-H. pylori adhesion to HEp-2 cells.”*> The major H. pylori adhesins in the outer membrane proteins
family, including blood-group antigen-binding adhesin and sialic acid-binding adhesin (SabA),>* may be the target of
KPEVs-CLA. However, the anti-adhesion mechanism requires further elucidation.

KPEVs and KPEVs-CLA could be taken up by gastric cells, and localization in the cytoplasm was observed. Dil
staining is well-known as an effective stain for studying EVs trafficking due to its stability and low background. Labeling
EVs with Dil staining did not affect EVs size distribution.” Importantly, Dil can be used for studying biological event
without being cytotoxic and interfering with their bioactivity.’®>’ The internalization of PDEVs by recipient cells
involves three mechanisms: endocytosis, receptor-mediated cell signaling, and phagocytosis. Doxorubicin-loaded
lemon PDEVs were shown to be internalized into the cytoplasm of ovarian adenocarcinomas through caveolin-
mediated endocytosis.*® The surface properties of nanocarriers, such as hydrophilicity and electroneutrality, also enhance
mucus penetration and mucoadhesion in the gastrointestinal tract. This leads to prolonged drug retention time and
improved drug delivery to mucosal surfaces and underlying tissues.*’

H. pylori pathogenesis is closely associated with the induction of inflammation in gastric cells. The multiple virulence
factors of H. pylori play a pivotal role in inducing the NF-«kB signaling pathway, the central upstream signal transduction
pathway in inflammation. The NF-«B transcription factor regulates the expression of genes encoding inflammatory cytokines
and subsequently releases proinflammatory cytokines from gastric cells. Consequently, these cytokines induce the recruitment
of leukocytes to the infection site, and they are activated to execute their immune functions, resulting in an elevated
inflammatory level. Chronic inflammation related to H. pylori infection can damage DNA, upregulate growth factor release,
and alter cellular phenotypes.'® Notably, CLA and KP extracts have been shown to downregulate several inflammatory-related
signaling pathways, including NF-kB, p38, ERK, INK, and MAPK pathways.*** % Our study indicated that KPEVs-CLA
can downregulate the H. pylori-induced IL-8 cytokine gene marker through the NF-«xB signaling pathway. In contrast, CLA
may have downregulated the /L-8 gene through a different signaling pathway. Tsugawa et al reported that CLA could not
suppress pNF-kB expression in LPS-induced monocytic cells but inhibited p38 MAPK and MEK 1/2 phosphorylation, thereby
reducing MCP-1 production.®’ However, the effect of CLA on NF-kB activation remains controversial. In the NF-kB
signaling pathway of monocytic cell lines induced by H,O, and human bronchial epithelial cells induced by IL-13, higher
CLA concentrations (8—32 ug/mL) and longer incubation time (2 h) have been shown to downregulate NF-kB activation,
thereby attenuating mucin production and hypersecretion.*>*® This suggests that CLA may downregulate the release of
cytokines through various inflammatory-related pathways, including NF-kB, MEK/ERK, and STAT6.6%¢*¢°

The chemokines response to H. pylori infection was observed through the induction of MIP-1a and MIP-1f. These
chemokines are well known for their chemoattractant properties, particularly toward monocytic cell lines. H. pylori-
infected cells showed an upregulation of GM-CSF and G-CSF release, which play a role in activating the granulocytic
cells. VEGF, a growth factor that plays a role in angiogenesis, was found to be released by H. pylori infection. In
contrast, IL-1B, TNF-a, and MCP-1 were not secreted in H. pylori-induced AGS cells. Other H. pylori-infected gastric
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cell lines, such as MKN-45 and HGC-27 cells, as well as monocytic cell lines, such as RAW 264.7 cells, have been
shown to produce high levels of IL-1pB, IL-6, and TNF-a compared with our AGS model.®®®” Thus, some cytokines may
be expressed differently against H. pylori infection across different cell lines.

Both CLA or KPEVs-CLA treatment inhibited IL-8 and MIP-1p secretion levels. KPEVs-CLA reduced the MIP-1a
and G-CSF levels by approximately 2-fold compared with KPEVs and free CLA. This indicates that KPEVs-CLA have
combined effects in downregulating MIP-1a and G-CSF. The MIP-1a is involved in the progression of multiple diseases.
The reduction in MIP-1a levels can attenuate tissue inflammation by inhibiting other pro-inflammatory cytokines release
and recruitment of monocytes/macrophages, further improving tissue functional recovery.®® Additionally, decreasing
G-CSF levels can downregulate granulocyte maturation and tissue infiltration, possibly minimizing gastric carcinoma
proliferation, metastasis, and severity.®

The monocyte recruitment response to H. pylori infection depends on the chemotactic interaction between monocyte
chemoattractant protein-1 (MCP-1)/C-C chemokine ligand type 2 (CCL2) and C-C chemokine receptor type 2 (CCR2).”°
A correlation between mononuclear recruitment and gastric carcinogenesis has been suggested in H. pylori infection’" as
well as in other cancers.”* Additionally, it has been discovered that H. pylori causes hyperactive monocytes, which may
contribute to gastric cancer progression.”® Information on CLA and PDEVs against monocyte chemotaxis is limited.
CLA reportedly inhibits fibroblast migration and neutrophil chemotaxis.’*’> Broccoli PDEVs indirectly inhibit monocyte
recruitment by regulating dendritic cell maturation.'* Hence, our study is the first to show that CLA and KPEVs
effectively inhibit MCP-1-induced monocyte chemotaxis. Interestingly, KPEVs-CLA have more anti-chemotaxis activity
than free CLA and KPEVs treatments. Reducing infiltrated monocytes in gastric tissue provides an advantage in lowering
the risk of developing chronic gastric inflammation and cancer.”®

Conclusion

In summary, our study demonstrated that KPEVs-CLA have physical and biological properties as nanomedicines. The
localization of KPEVs-CLA in gastric cells was demonstrated, and CLA was spontaneously released from KPEVs in
acidic environments. The anti-H. pylori and anti-adhesion activities were comparable between KPEVs-CLA and free
CLA. Moreover, KPEVs-CLA showed superior anti-inflammatory activity by inhibiting IL-8, MIP-1, and G-CSF
secretion and monocyte chemotaxis through the NF-kB signaling pathway. Thus, KPEVs-CLA could serve as an
alternative treatment for gastric cancer induced by H. pylori infection. In the future, it is important to further study the
effectiveness and toxicity of KPEV-CLA in animal models to explore their therapeutic impact and safety. Additionally,
conducting incompatibility studies using various techniques such as Fourier Transform Infrared Spectroscopy (FT-IR),
Differential Scanning Calorimetry (DSC), Thermogravimetric Analysis (TGA), or X-ray Diffraction (XRD) would be
beneficial for investigating the interaction between CLA and KPEVs.
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