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In this work, the trans[Pt(L)2(PPh3)2] complex (L: 5-heptyl-1,3,4-oxadiazole-2-(3H)-thione) 
was associated with a microemulsion (ME/PtII complex). The microemulsified system underwent 
physicochemical characterization, including pH, conductivity, rheology, zeta potential, and dynamic 
light scattering (DLS) measurements. The microemulsion system remained stable at a pH near 6.0, 
indicating biocompatibility, while the conductivity was between 7 and 8 μS cm-1, with a hysteresis 
area of −0.06 Pa s-1 for the ME/PtII complex. The DLS technique confirmed the presence of a 
microemulsion with particle sizes ranging from 10 to 200 nm. The polydispersity index for the 
ME/PtII complex system was close to 0.3, indicating a monodisperse system, with a zeta potential 
of −19.2 ± 4.49 mV. These results showed that the system containing the PtII complex and the 
microemulsion is thermodynamically stable. Subsequently, cell viability studies demonstrated that 
the ME/PtII complex system is not toxic to peripheral blood mononuclear cells (PBMCs). In the 
phagocytosis activity assay, the complex associated with the microemulsion showed an increase 
in the phagocytosis index, suggesting that the microemulsion (ME/PtII complex) has potential for 
new biological assays, such as antitumor and antibacterial.	  
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immunomodulatory

Introduction

The discovery of the antitumoral properties of cisplatin 
by Rosenberg et al.1 provided a major advance in the 
treatment of several types of cancer, including testicular, 
ovarian, lung, head, stomach, esophagus, neck, lymphomas, 
osteosarcoma, melanoma, breast, and cervix.1-3 Despite 
the success of cisplatin in clinical medicine, it has several 
side effects, such as nephrotoxicity, cumulative peripheral 
sensory neuropathy, ototoxicity, nausea, and vomiting, as 
well as resistance, intrinsic or acquired.4 As a consequence, 

the development of new platinum-based drugs has been 
performed, and some of them are widely used in clinical 
medicine, namely carboplatin, oxaliplatin, nedaplatin, 
lobaplatin, and heptaplatin.5-8

In recent decades, in addition to developing new 
drugs, research and development of new pharmaceutical 
formulations have been highlighted to achieve better 
selectivity and efficacy, thereby reducing the side effects of 
chemotherapy drugs.4,9 In this sense, a type of formulation 
that has aroused interest is microemulsions (ME), which have 
droplets with a diameter of less than 150 nm, usually in the 
order of 100 nm, which are formed by droplets small enough 
to be visually transparent. As a result, other names, such as 
sub-microemulsion and nanoemulsion, are used to describe 
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this modified system, which is thermodynamically stable and 
offers several advantages, including ease of manufacturing 
and greater solubility.10,11 Also, microemulsions may have 
greater bioavailability when administered orally, allowing 
reduced medication doses. Such characteristics reduce side 
effects and toxicity.11-15 For example, in a study developed 
by Akartas and Karasulu,14 in which a self-microemulsifying 
drug delivery system  (SMEDDS) was prepared, namely 
Cisplatin SMEDDS, the results from in vitro studies 
resulted in the release of 78.17% of cisplatin, which shows 
promising cytotoxic activity in the A2780 cell line, and 
could be an alternative for the treatment of ovarian cancer. 
According to the results presented, the Cisplatin SMEDDS 
formulation proved more effective than the cisplatin solution 
and demonstrated better lymphatic targeting. It can be 
administered orally in hard gelatin capsules.14,16

In addition to the research and design of new platinum 
complexes as anticancer agents, significant effort has 
been invested in evaluating the microbicidal potential 
of this class of compounds, mainly due to the rise in 
bacterial resistance to conventional antibiotics, which 
has led to a significant increase in deaths.16-18 In the study 
conducted by Lacerda et al.17 on antimicrobial resistance 
in Campylobacter  jejuni, a platinum(II) complex with 
the ligand 5-amino-1,3,4-thiadiazole-2(3H)-thione in 
combination with ciprofloxacin (CIP), reduced the 
minimum inhibitory concentration (MIC) to 0.25, 0.5, and 
2 mg L-1. Combined with erythromycin (ERY), a significant 
MIC reduction was observed in only one strain, where the 
MIC decreased from 32 to 0.25 mg L-1. Another example, 
platinum cyclooctadiene complexes Pt1 and Pt2, were very 
active against gram-positive Staphylococcus aureus with 
MIC values close to (3.125 and 1.56-3.125 µg mL-1).19 

Interestingly, oxadiazole derivatives exhibit several 
biological activities, including antifungal, antibacterial, 
anticancer, anti-inflammatory, and antiviral.20,21 As can be 
seen in the studies carried out by Unadkat et al.,22,23 who 
performed a sampling based on molecular dynamics in 
which a series of 1,2,4-oxadiazole derivatives were applied 
in cytotoxicity assays in several tumor cell lines such as 
overexpressing Epidermal Growth Factor Receptor (EGFR) 
(A549, HCT-116, HEPG2, MCF-7) and one EGFR negative 
cancer cell line (SW620), of which some compounds stood 
out with half-maximal inhibitory concentration (IC50) 
in the micromolar range. A recent study24 involving the 
development of cerium oxide nanoparticles decorated with 
triethyl phosphine (CeNPs‑TEP) proved to be an alternative 
in the development of new anti-leishmania chemotherapeutic 
agents since the generation of reactive oxygen species (ROS) 
had an increase of approximately 2.2 times inside the cells 
of Leishmania donovani Ag83, induced by the presence 

of CeNPs-TEP, which caused the death of approximately 
60 to 82% through the exposure time that was 24 and 48 
h, respectively. Another interesting example is the PtII-3-
hydroxy-2-tolyl-4H-chrome-4-one complex (PtII-HToC), 
which showed greater bactericidal efficacy than a common 
antibiotic. Its MIC values are 0.162/100 µL, demonstrating 
remarkable antibacterial activity.25

The rationale for developing complexes with the ligand 
triphenylphosphine is based on reports suggesting that they 
may exhibit different mechanisms of action than cisplatin.26,27 
The trans-[Pt(L)2(PPh3)2] complex is shown in Figure 1, 
whose synthesis and characterization are described in the 
literature.3 Since the complex studied here is insoluble in 
pure dimethyl sulfoxide (DMSO), it is impossible to use 
the protocols commonly used for biological assays.28 The 
application of the trans-[Pt(L)2(PPh3)2] (L  =  5-heptyl-
1,3,4-oxadiazole-2-(3H)-thione) complex in this study is 
based both on its structural and chemical aspects and on 
the wide application of platinum complexes in medicine, 
especially in antitumor chemotherapy, where compounds 
such as cisplatin have a consolidated history of clinical 
efficacy. The trans configuration offers a differentiated 
structure capable of influencing essential properties, such 
as lipophilicity, interactions with biomolecules, and cell 
permeability, which are decisive aspects in the search for 
new platinum compounds with an improved pharmacological 
profile and reduced toxicity compared to conventional 
drugs. To overcome the low solubility of the complex in 
biological solvents, a microemulsified system was adopted, 
enabling verification of its solubility and dispersion and 
allowing the performance of biological assays focused on the 
immunomodulatory capacity of the compound, expanding 
its therapeutic potential.

Experimental

Chemical reagents

In this work, distilled water, capric/caprylic acid 
triglycerides (Polymol 812, hydrophilic-lipophilic 
balance (HLB) 10.8; Emfal, Betim, MG, Brazil), sorbitan 

Figure 1. Chemical structure of PtII complex trans-[Pt(L)2(PPh3)2].
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oleate (Span 80, SP, HLB 4.3; Emfal, Betim, MG, Brazil), 
polysorbate 80 (Tween 80, TW, HLB 15.0; Vetec Química 
Fina, Rio de Janeiro, RJ, Brazil), and 1-butanol (BT; Vetec 
Química Fina, Rio de Janeiro, RJ, Brazil) were used. The 
trans-[Pt(5-heptyl-1,3,4-oxadiazole-2-thione)2(PPh3)2] 
complex used in this study was provided by the LASFAR 
research group of the Institute of Chemistry, Federal 
University of Uberlândia. It was previously synthesized and 
characterized as described in the literature.3 Ficoll-Paque Plus 
density gradient medium (Pharmacia-Uppsala, Sweden), 
phosphate-buffered saline (PBS, pH 7.4), orange acridine 
dye, and tubes containing ethylenedinitrilotetraacetic acid 
(EDTA) anticoagulant were also employed for washing and 
cell analysis.

Microemulsion system

The microemulsions (MEs) were prepared using distilled 
water, caprylic/caprylic acid triglycerides - Polymol 812, 
with HLB of 10.8, sorbitan oleate - Span 80 (SP) with HLB 
of 4.3, polysorbate 80  Tween 80 (TW) with HLB of 15.0 
and 1-butanol (BT), the system was designated SP/TW/BT 
as described in the literature.15

To achieve the HLB required by the oil phase, the 
determination of the fractions of the surfactant mixture, 
the HLBs of SP and TW surfactants were considered 
(Cotrim et al.),29 according to the equations:

	 (1)

	 (2)

where HLBr represents the HLB required by the oil 
phase; HLBT1, the HLB of surfactant 1; HLBT2, the HLB 
of surfactant 2; FT1, the fraction of surfactant 1; FT2, the 
fraction of surfactant two, and FC, the fraction of co-
surfactant (FC = 1).15,29

To act as a co-surfactant, BT was used at a rate of 10% 
of the surfactant mixture, as it did not present an HLB 
value, and the percentage of SP and TW surfactants was 
calculated to achieve the HLB required by capric acid 
triglyceride/caprylic as shown in Table S3 (Supplementary 
Information (SI) section). The fraction of the SP/TW/BT 
surfactant mixture resulted in the HLB required by the oil 
phase in the fraction of 3.5:5.5:1.0.15,29

Association of the complex trans-[Pt(L)2(PPh3)2] into 
microemulsion

Initially, the oil phase was prepared with 0.0100 g of 

the complex trans-[Pt(L)2(PPh3)2], previously synthesized 
and characterized, by the techniques of elemental analysis, 
high resolution mass spectrometry, infrared spectroscopy, 
nuclear magnetic resonance (NMR) 1H, 13C, 31P and 195Pt as 
described in the literature,3 in 1.00 mL of capric/caprylic 
acid, 0.200 mL of BT, 0.200 mL of SP, and 0.200 mL of 
TW, were mixed and left at room temperature for 24 h.

0.5029 g of previously prepared oils, 0.8124 g of SP, and 
1.2941 g of TW were used to prepare the microemulsion. 
After these additions, the first homogenization was 
performed under vigorous stirring. Then, we added 
0.4500 g of distilled water in two steps: 0.2000 g, followed 
by 0.2500 g. Finally, we added 0.1749 g of BT. Each 
step was homogenized before the addition of the next 
formulation component (see Figures S5).

Characterization of microemulsion complex trans-
[Pt(L)2(PPh3)2] associated

To evaluate the physicochemical characteristics and 
thermodynamic stability of the microemulsion systems 
containing the trans-[Pt(L)2(PPh3)2] complex, rheological, 
electrical conductivity, dynamic light scattering (DLS), and 
zeta potential analyses were carried out.

The rheological parameters were determined on a 
Modular Compact Rheometer (MCR 102; Anton Paar 
GmbH, Ostfildern, Germany) of cone-plate type. The 
microemulsion (700 µL) was added to the plate surface 
at the adjusted temperature and maintained at 25 °C. The 
readings were carried out with permanent control of the 
measurement gap using TruGap support at 0.099 mm, a 
Toolmaster CP 50 measuring cell, and precise temperature 
control via the T-Ready feature with Rheoplus Software 
V3.61. The flow and viscosity curves were obtained using 
shear stress (τ) as a parameter for the test, varying from 0 
to 5 mPa s for the ascending curve and from 5 to 0 mPa s 
for the descending curve.29

Electrical conductivity was evaluated using a bench 
conductivity meter (model CD12, BEL Engineering, 
Monza, Italy), calibrated with a standard KCl 0.1 mol L−1 
solution, with an electrode inserted directly into the 
sample.29

The pH values were obtained using a digital benchtop 
pH meter model mPA-210 (MS Tecnopon), with a glass 
electrode calibrated with standard buffers of pH 4.0, pH 7.0, 
and pH 10.0.29 

DLS and zeta potential were obtained using a ZetaSizer 
Nano (Malvern Instruments). The dimensions of suspended 
particles were measured at 25 °C and excited at 633 nm. The 
solvent used for this characterization was distilled water, 
and the microemulsion had a refractive index of 1.44 and 
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an absorption at 0.190 nm. The samples were suspended 
using a 1:100 dilution of the MEs.

Cellular viability assay

The present study was submitted and approved by the 
Research Ethics Committee of the Federal University of 
Mato Grosso (protocol number: 27068719.1.0000.5587).

Cell viability and phagocytosis index were performed 
on Peripheral Blood Mononuclear Cells (PBMC) separated 
by the density gradient technique using Ficoll‑Paque 
(Pharmacia-Upsalla Sueder). Blood samples were 
obtained from 10 healthy donors aged 20-50 years, and 
8 mL of blood were collected in tubes containing EDTA 
anticoagulant. Blood samples were centrifuged at 1500 rpm 
for 40 min in tubes containing 3 mL Ficoll-Paque Plus. The 
PBMC ring was removed, separated, and washed twice in 
phosphate buffer saline (PBS), pH 7.4. Cells were counted 
in a Neubauer chamber, and concentrations were adjusted 
to 2 × 106 cells mL−1.30 

500 μL of PBMCs and 5 μL of microemulsion, with or 
without the Pt compound, were combined and incubated 
for 30 min at 37 °C to assess viability. After this period, 
the samples were centrifuged for 10 min at 1500 rpm. The 
cell pellet was suspended in 200 μL of acridine orange for 
1 min, then washed and centrifuged twice with PBS. Then, 
the slides were mounted for counting under a fluorescence 
microscope (Nikon Eclipse E 200, Nikon Corporation, 
Tokyo, Japan). Viability studies are reported as percentages 
based on a count of 100 cells, with cells classified as alive 
if colored green and dead if colored orange.30

Phagocytosis activity assay

The phagocytosis index was determined by incubating 
PBMCs with enteropathogenic Escherichia coli (EPEC). 
The EPEC stock culture is maintained in semisolid agar 
at room temperature in the absence of light. The adjusted 
bacterial concentration to 1.00 × 107 mL−1 was measured in 
a spectrophotometer at 620 nm (0.1-0.2). After adjustment, 
we prepared a 20% bacteria solution to 80% PBS.15,30,31

Volumes of 500.0 μL of bacterial suspension, 500.0 μL 
of cell suspensions (mononuclear phagocytes), and 5.0 μL 
of microemulsions incorporated and not incorporated into 
the PtII complex were mixed in Falcon-type centrifuge tubes 
and subjected to incubation for 30 min under shaking at 
37 °C.15,30,31 

After incubation, phagocytosis was stopped by 
adding ice-cold PBS, and the suspension was centrifuged 
for 10  min at 1500 rpm. The pellet was stained with 
200.0 mL of orange acridine for 1 min, resuspended in 

PBS, centrifuged, and washed twice. Then, the slides were 
prepared, and the cells were counted using a fluorescence 
microscope (Nikon-Eclipse E200).15,30,31

Phagocytosis activity was evaluated using the acridine 
orange method, represented as a percentage based on the 
count of 100 cells. The cells counted are classified into live 
cells (green) with live bacteria inside and live cells (green) 
with dead bacteria (orange) inside, with the parameters 
obtained by the equation 3.15,30,31

 	 (3) 

Results and Discussion

Association of the complex trans-[Pt(L)2(PPh3)2] into 
microemulsion (ME/PtII complex system)

The microemulsion system utilized in this study is 
thoroughly described and discussed in the literature.29 The 
microemulsion with associated platinum(II) complex (ME/
PtII complex), whose concentration is 8.71 × 10−4 g mL−1, 
and the unincorporated microemulsion (ME) presented 
pH and conductivity measurements at 25 °C as shown in 
Table 1.

The pH values obtained for the formulations remained 
close to 6.5, indicating biocompatibility, as physiological 
pH typically ranges from 4.5 to 7.4. Moreover, the 
electrical conductivity of the ME/PtII complex remained 
stable at approximately 8.0 μS cm−1. These findings are 
relevant for determining the nature of the dispersion in the 
microemulsion system.32 Based on the conductivity value 
exceeding 1.40 μS cm−1, the formulation can be classified 
as an oil-in-water (O/W) type microemulsion, in which 
the oily phase constitutes the dispersed (discontinuous) 
phase and water serves as the continuous (dispersing) 
phase.10,29,33

Rheological characterization studies the flow behavior 
and deformation of materials such as liquids, gels, 
polymers, pastes, and suspensions. This process offers 
valuable insights into the rheological and viscoelastic 
properties of materials. When the values fall between 
−1 Pa s−1 and +1 Pa s−1, the hysteresis area indicates that 

Table 1. Measured pH and conductivity values of microemulsions (ME)

pH Conductivity / (µS cm−1)

ME 6.42 ± 0.05 7.11 ± 0.24

ME/PtII complex 6.47 ± 0.4 8.02 ± 0.33

Analyze significant statistics when the p-value is less than 0.05 (p < 0.05).
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the materials exhibit Newtonian rheological behavior. 
This characterization involves studying the flow behavior 
and deformation of liquids, gels, polymers, pastes, and 
suspensions. Moreover, values between −0.2 Pa s−1 and 
+0.2 Pa s−1 indicate a stable Newtonian pattern.29

The behavior of the flow curves of the microemulsions 
starts from the origin without varying viscosity with shear 
stress, thus indicating a Newtonian flow profile, presenting 
a hysteresis area of −0.06 Pa s−1 for the PtII complex 
associated with ME and 0.66 Pa s−1 for the non-associated 
ME, as shown in Figure 2.

The viscosity showed minimal variation with increasing 
shear rate, displaying linear curves with different values and 
a slight increase when associated, which indicates that the 
association of the complex alters the viscosity parameters 
of the microemulsion, as illustrated in Figure 3.

The association of the complex PtII alters the rheological 
parameters of the microemulsion without altering the 
behavior, maintaining the linearity of the curves. Initially 
observed as Newtonian and presents greater stability when 
compared to the non-associated microemulsion, according 
to studies that indicate that the value of the low hysteresis 
area, such as the one observed (−0.06 Pa s−1), presents 
greater stability. Such an increase suggests interactions 
between the complex and the surfactant matrix that gently 
increase the flow resistance without compromising the 
characteristic rheological behavior, which is desirable 
for pharmaceutical systems where flow stability and 
predictability are crucial.29

The rheological properties are corroborated by DLS 
results, which confirm that the PtII complex is associated 
with the microemulsion, as indicated by the zeta potential 
data. These data show variations in the mean particle 
size, polydispersity index, and zeta potential (see 
Table 2 and Figures S1-S4, SI section). The average size 
parameters and the zeta potential in the ME are 165.4 nm 
and –14.8  ±  5.72  mV, respectively, whereas in the  
ME/PtII complex, they are 168.0 nm and –19.2 ± 4.49 mV,  
respectively. The microemulsions were formed when 
analyzing particle sizes, which ranged from 10 to 200 nm. 
Microemulsions with particle sizes between 10 and 200 nm 
offer significant advantages for drug administration and 
biological assays due to their ability to cross biological 
barriers, such as cell membranes and the blood-brain 
barrier, thereby facilitating targeted delivery of drugs 
to specific tissues or cells. In addition, they effectively 
increase the solubility of drugs with low solubility in water 
or biological fluids, thereby improving bioavailability.34 
Another advantage observed is that in this size range, 
microemulsions and/or nanoemulsions remain in the 
bloodstream for a longer time, prolonging their circulation 
time and, consequently, the effectiveness of the treatment 
becomes better. Systemic side effects are minimized due 
to their functionalization, which allows them to be targeted 
to specific cells or tissues and provides stability to the 
encapsulated drugs, protecting them from degradation 
and enabling controlled release. Due to their small size, 
they are less recognized by the immune system and are 
more readily eliminated, increasing biocompatibility. In 

Figure 2. Flow curve of the microemulsion (ME) and the PtII complex 
associated with the microemulsion (ME/PtII complex) at 25 °C.

Figure 3. Viscosity curve of the microemulsion (ME) and the PtII complex 
associated with the microemulsion (ME/PtII complex) at 25 °C.
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biological assays, they act as vehicles for biomolecules, 
probes, or drugs, allowing for precise manipulation and 
effective monitoring of biological processes.35,36 

The polydispersity indices of the formulations prepared 
in this work range from 0.01 to 0.7, indicating monodisperse 
microemulsions.37,38 Monodisperse systems with uniformly 
sized particles are essential in drug administration and 
biological assays because they ensure consistent, accurate 
release of the drug or chemical compound being tested, 
minimizing the risk of adverse effects. The stability of the 
system is high, with problems such as aggregation and 
sedimentation avoided, and it ensures a more controlled and 
effective distribution in tissues, which is crucial for targeted 
treatments, such as tumors. In addition, this uniformity 
facilitates the reproducibility of results in trials, making 
data more reliable and reducing variation in drug delivery, 
which is vital in therapies that require high precision, such 
as chemotherapy.37,38 

The zeta potential measurements aim to analyze the 
surface charge of the particles. Depending on the charge, 
these particles can approach each other and merge, 
destabilizing the microemulsion. Microemulsions or 
nanoemulsions are considered stable when the zeta potential 
is between ±30 mV. A value closer to 0 is considered ideal 
for the stability of the formulations.39,40 It is important to 
note that the absolute value of the zeta potential increased 
from −14.8 mV for the ME to −19.2 mV upon association 
of the PtII complex, indicating an increase in the magnitude 
of the surface charge. This variation is the result of the 
association of the PtII complex with the microemulsion, and, 
according to the variation presented, it can be inferred that 
the particles of the complex are as if covering the particles 
of the microemulsion as well as the non-ionic surfactants, 
which causes a reduction of mobility in addition to reducing 
the possibility of aggregate formation.39,41 

The results confirm that the prepared formulations 
are both thermodynamically and electrostatically stable. 
This stability protects the system from rapid aggregation, 
as supported by rheological data showing Newtonian 
behavior. The low hysteresis area and consistent viscosity 
across the entire strain rate range indicate that neither 
large aggregates nor structural changes form, even after 
the metal complex is incorporated. This stability helps 
maintain biocompatibility.

Cellular viability

The cell viability assay assesses cell health in response 
to specific stimuli. This assay employs the acridine orange 
method, where a fluorescence reaction occurs between 
the acridine orange dye and the cells. This reaction helps 
determine the percentage of live and dead cells. This dye 
interacts with the genetic material, intercalating in the 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) 
molecules, emitting a green coloration when the cells are 
alive (viable) and orange in the dead cells (non-viable) 
(see Figure 4).15,30,35

The cells used in this viability assay were PBMCs, 
characterized by oval nuclei that can be horseshoe- or 
kidney-shaped, located at the periphery of the cytoplasm. 
They have thin, lace-like nuclear chromatin interspersed 
with small clumps, abundant irregular light blue-gray 
cytoplasm, and very fine azurophilic granules. PBMCs are 
part of the immune system and defend the body against 
infectious agents (viruses, bacteria, and fungi) and tumor 
cells through phagocytosis. The same cell type was used 
in phagocytosis assays.15,42,43

The viability test of this study showed that both the 
ME and the PtII complex associated with the ME showed 
satisfactory cell viability with percentages of 96.80 ± 2.17 
and 97.4 ± 1.34, respectively (Table S1, SI section). These 
values did not exhibit statistical differences in the viability 
of the control group (cells only, 98.8 ± 0.45%), indicating 
that the compound does not harm PBMCs (Figure 5). Other 

Table 2. Physicochemical characterization of system microemulsion and associated PtII complex with microemulsion (ME) 

Microemulsion characteristic Particle size / nm Polydispersity index Zeta potential / mV

ME 165.4 0.352 −14.8 ± 5.72

ME/PtII complex 168.0 0.391 −19.2 ± 4.49

Figure 4. Cell viability assay of peripheral blood mononuclear cells 
(PBMCs) by the acridine orange method under fluorescence light 
microscopy at 400× magnification: (a) negative control group (without 
adding stimuli). (b) Positive control group using lipopolysaccharide. 
(c) Group with microemulsified ME/PtII complex.
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studies15,44,45 have shown similar results of cell viability with 
PBMCs, with percentages of 97.83 ± 3.06%. 

The study’s findings indicate that MEs are compatible 
with PBMCs and have the potential to serve as effective 
carriers for compounds with low solubility parameters.

Phagocytosis activity of the mononuclear cells

The phagocytosis index and the microbicidal activity 
assay were determined using PBMCs (peripheral blood 
mononuclear cells) stimulated with ME and the PtII 
complex associated with ME. The analyses followed 
the procedures described in the Experimental section, 
using acridine orange staining. Monocytes, the largest 
circulating leukocytes, play essential roles in the immune 
response and the maintenance of tissue homeostasis, 
primarily through phagocytosis.46 The phagocytosis 
index seeks to determine the percentage of phagocytosis 

events that occur in the presence or absence of a stimulus 
(Figure 6), where Figure 6A shows the negative control 
group without stimulation, PBMCs with phagocytosis 
without bacterial death (blue arrows), PBMCs without 
phagocytosis events (orange arrows), and PBMCs with 
phagocytosis events and bacterial death (red arrows). 
Figure 6B shows the group with microemulsified ME/
PtII complex (a) dead PBMCs are visualized in orange 
fluorescence; (b) live PBMCs are identified by green 
fluorescence; (c) green PBMCs with orange peripheral 
dots indicate phagocytosis events (highlighted by circles). 
For the phagocytosis index, no statistically significant 
differences were observed between the control group (only 
cells and the EPEC bacterium) and the group containing 
ME (27.63 ± 6.12 and 24.67 ± 3.79%, respectively) 
(Figure 7), demonstrating that these are not by themselves 
capable of stimulating phagocytosis events, thus having no 
effects on the modulation of PBMCs. The group treated 
with ME and PtII complex had a phagocytosis index of 
39.25 ± 2.95% (see Table S2, SI section and Figure 7), 
which was higher than that found in the control group, 
demonstrating that the PtII complex associated with ME 
can induce phagocytosis events and can collaborate with 
the modulation of the immune response in PBMCs.15,30

These results suggest that the association of ME 
with the PtII complex was efficient in improving the 
phagocytosis index of PBMCs and increasing the ability of 
this association to eliminate phagocytosed microorganisms. 
Other associations of natural and synthetic compounds with 
microemulsified systems have been studied to modulate the 
immune response, whether for antimicrobial or antitumor 
purposes.15,47 The ability of microemulsified systems 
to enhance certain properties is related to improving 

Figure 5. Cell viability study of microemulsion and PtII complex 
associated with microemulsion in peripheral blood mononuclear cells 
(PBMCs). *Analyze significant statistics when the p-value is less than 
0.05 (p < 0.05).

Figure 6. Evaluation of phagocytosis and microbicidal activity in peripheral blood mononuclear cells (PBMCs) and enteropathogenic Escherichia coli 
(EPEC) using the acridine orange method under fluorescence microscopy (400× magnification). (A) negative control group without stimulation, PBMCs 
with phagocytosis without bacterial death (blue arrows), PBMCs without phagocytosis events (orange arrows), and PBMCs with phagocytosis events and 
bacterial death (red arrows). (B) The group with microemulsified ME/ PtII complex (a) dead PBMCs are visualized in orange fluorescence; (b) live PBMCs 
are identified by green fluorescence; (c) green PBMCs with orange peripheral dots indicate phagocytosis events (highlighted by circles).
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parameters such as solubility, degradation, permeation, 
and, consequently, bioavailability.15,30,31,47 The results 
suggest that ME improved parameters such as the solubility 
of the PtII complex, increasing its bioavailability and 
immunomodulatory effects. According to the literature,48,49 
the results obtained may be associated with the ability 
of the PtII complex to induce the release of cytokines by 
immune cells, as well as to produce ROS and stimulate 
the generation of H2O2. These molecules act as essential 
signaling for phagosome maturation and microbial death. 
Such redox events modulate intracellular signaling, capable 
of regulating phagocytic capacity and lysosomal fusion, 
essential processes for the effective elimination of the 
pathogen.50,51 Some studies31 use biologically active agents 
as an integral part of the microemulsified system so that 
they take effect on their own.

Conclusions

The microemulsion, whose formulation consists of  
SP/TW/BT in the fraction 3.5:5.5:1.0, presented satisfactory 
HLB, providing stability to the ME. The ME/PtII complex 
also showed thermodynamic stability, as indicated by the 
physicochemical characterizations. Cell viability studies 
showed values above 95%, indicating that the complex did 
not present toxicity to PBMCs. Statistically, no significant 
differences were observed regarding the phagocytosis 
index. However, it can be noted that the incidence of 
phagocytosis for the ME/PtII complex (39.25 ± 2.95%) 
was slightly higher than the control group (27.63 ± 
6.12%) and the group containing only ME (24.67 ± 3.79). 
These findings suggest that the PtII complex can trigger 
phagocytosis events, which can help regulate the immune 
response in PBMCs, and imply that the PtII complex could 
potentially be used in other biological tests, as the ME/PtII 

complex’s microbicidal activity was higher than that of the 
ME and control groups.

Supplementary Information

Supplementary information (full characterization of the systems, 

including particle size and zeta potential images of the microemulsion 

and PtII-loaded microemulsion, representative phagocytosis assay 

images, and tables with cell viability data, phagocytosis indices, and 

microemulsion composition percentages) is available free of charge 

at http://jbcs.sbq.org.br as PDF file.

Data Availability Statement
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the text.
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