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A B S T R A C T   

This study focused on the incorporation of chloramphenicol (CAP) into whey protein (WPI) (CAP-MPs) and was 
further formulated into a thermoresponsive in situ gel for wound healing treatment. CAP micro
particles were produced by two steps emulsification process. The modification of the mixing time and speed, as 
well as the variation of WPI and CAP concentration, resulted in various particle sizes (0.95 ± 0.07 to 8.94 ±
0.32 μm). The optimum formulation was achieved using 15 % WPI in water, and 2 mL CAP in propylene glycol 
with a total amount in the mixture was 100 mg, and 5 % oil phase, with homogenization time and speed at 15 
min and 7500 rpm, respectively. The characterization of CAP-MP’s showed PDI values at 0.110 ± 0.007, drug 
entrapment efficiency at 70.64 ± 1.12 %, and drug loading at 8.80 ± 0.12 %. SEM analysis of CAP-MPs show
ed spherical, uniform particles dispersed across the surface of the emulsion droplets. FTIR analysis showed strong 
development of hydrogen bonds proving the encapsulation was effective. Pluronic® F127, Pluronic® F68, and 
hydroxypropyl methylcellulose (HPMC) were used for the thermoresponsive hydrogel formulation with desired 
properties. The gel formulation could provide liquid form at room temperature (25 ◦C) and form a gel at 31 ◦C. 
This optimum formula was able to increase the bioadhesivity (28160.92 ± 3902.09 dyne/cm2) as well as the 
percentage of gels skin occlusivity after 24 h (32.82 ± 0.004), and to be considered, it did not show hemolytic 
activities. In an ex vivo antibacterial activity, this combination approach showed a 99.95 % reduction in the
Staphylococcus aureus (SA) population.   

1. Introduction 

Dermatological, subcutaneous, and epidermal infections were all 
examples of skin and soft tissue infections (SSTI). Severe complications, 
such as sepsis, endocarditis, and osteomyelitis, might occur as a result of 
these skin diseases (Dahlman et al., ujyh). An increasing number of skin 
infections have been linked to an increased risk of death, with an 
associated case-fatality ratio of 20.3 % and an annual mortality rate of 
3.4 per 100,000 people (Hasan et al., 2019). Polymicrobial skin in
fections, which could be predictable, and biofilm production have also 
been highlighted in past literature as the main causes of the failures of 
medication (Clinton and Carter, 2015). Nowadays, Fighting poly
microbial diseases necessitated ongoing research into prevention and 
treatment in a more advanced approach (Sartini et al., 2021). 

Known as a broad-spectrum antibiotic, chloramphenicol acts by 
binding reversibly to the 50S subunit of the 70S ribosome, which in
hibits the synthesis of bacterial ribosomes from soluble RNA, therefore 
interfering with bacterial peptide bond production (A. Y. Shen et al., 
2018). Chloramphenicol, when used orally, could cause bone marrow 
poisoning and aplastic anemia, both of which are irreversible (Kalita 
et al., 2015). To treat bacterial conjunctivitis, chloramphenicol oint
ment has been used. Due to its hydrophobic chemical composition, 
chloramphenicol was not used for the topical treatment of skin in
fections and has not been studied extensively for specific adverse effects 
if the drug was delivered topically (A. Y. Shen et al., 2018). To overcome 
the several disadvantages of chloramphenicol, it was proposed to be 
created to use on the skin, to decrease the systemic exposure and tar
geted the desired infected site. Drug delivery systems in the form of 
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creams, ointments, and gels could be applied to the skin in a variety of 
ways, including the appendageal route and the transepidermal route 
(Cheung and Das, 2016). However, no research has been done to see if it 
may also be used to prevent or treat wound or burn infections. The 
thickening of the human skin creates an impenetrable barrier that pre
vents the transdermal transport of hydrophobic medicines (Kalita et al., 
2015); hence, a skin barrier-penetrating drug delivery device must be 
developed. Not only does the skin barrier become the challenge of drug 
development, but it also takes a long time to treat infection due to the 
low drug concentrations in certain infected tissues (Permana et al., 
2020a,b). 

Encapsulation into microparticles or nanoparticle delivery methods 
is now being studied to improve therapeutically available antibiotics’ 
potency against biofilms (Ferreira et al., 2015). With a longer medica
tion retention rate in skin tissue, microparticles were favored compar
ed to nanoparticles for local infection targets. This is because the 
infected tissue produces more of certain bacterial enzymes, has a lower 
pH, and has a variety of surface charges. The microparticle system can 
be modified to slowly release the medicine where it is needed, as a so
lution of the low concentration of hydrophobic drugs was localized in 
the infection site (Mir et al., 2019). 

Whey protein (WP), a natural polymer, is employed in the pharma
ceutical industry because it may generate foaming, emulsions, and gels 
(Bourgeois et al., 2019). Combrinck et al. have successfully used WP as 
an encapsulation agent which showed to be the most effective for pro
tein delivery via the cutaneous and transdermal routes of transportation 
(Combrinck et al., 2014). Whey protein is known to undergo a dimen
sional rearrangement and the emergence of active protein sites as a 
result of heat treatment. Disulfide bonds, hydrogen bonds, and van der 
Waals interactions can develop as a result of this aggregation of proteins 
(Picone et al., 2011). 

To distribute microparticles in the dermal system, the preparation 
was created in the form of a thermoresponsive gel that will form a gel in 
situ due to the changes in temperature so that it could change to a gel 
and release the medication in a sustainable or controlled manner 
(Majeed and Khan, 2019). In preparations for the treatment of burns, 
topical administration of anticancer agents, continuous drug delivery, 
and transdermal application, the polymer Poloxamer 407 or formerly 
known as Pluronic® F127 can be used; it has undergone extensive 
research. This polymer can be used in gels, microemulsions, nano
particles, and solid polymer formulation (Wang et al., 2017). The gelling 
agent was amphiphilic and had thermogelling properties making it an 
ideal drug carrier for a wide range of small and big molecules, including 
proteins (Wang et al., 2017). In order to limit toxicity, dermal delivery 
devices have been developed, which could target specific locations of 
infections. 

Furthermore, an ex vivo dermatokinetic study with a rat’s skin 
infection model was conducted to evaluate the efficiency of this method. 
The results of this study showed that drug microparticle delivery devices 
could be applied to the skin. Microparticles incorporated in Pluronic® 
F127 and Pluronic® F68 polymers, as explained above, have been used 
to develop new antibacterial medications that can be more successful at 
stopping the growth of Staphylococcus aureus. The gels’ bioadhesivity 
in the skin is enhanced by the addition of hydroxypropyl methylcellu
lose (HPMC). In vitro and ex vivo efficacy tests, as well as further eval
uations and characterizations, were performed. 

2. Materials and method 

2.1. Materials 

Chloramphenicol (CAP) was purchased from Merck (Darmstadt, 
Germany). Glanbia Nutritionals, Inc, Fitchburg, USA. generously sup
plied the whey protein isolate (WPI). According to the producer, WPI 
consists of 80 % protein isolate. Sigma-Aldrich was used to acquire 
Pluronic F127 and F68 (Singapore) also Tryptone Soy Agar (TSA) and 

Tryptone Soy Broth (TSB) medium. The analytical quality was main
tained with all other reagents. In every step, filtered Milli-Q water was 
utilized instead. 

2.2. Chloramphenicol microparticles (CAP-MP’S) preparation 

Using a modified two-step emulsification process, Chloramphenicol 
(CAP) microparticles were prepared to create heat-induced WPI micro
particles (CAP-MPs) (Sağlam et al., 2011). WPI powder was dispersed in 
Milli-Q water (w/w). The final concentration of the WPI solutions was 
made at 5 %, 10 %, 15 %, and 20 %. The dispersion was chilled after 
being agitated overnight to dissolve the WPI. Furthermore, CAP was 
dissolved in 2 mL propylene glycol (PG) to achieve final concentration at 
25, 50, 100, 200, and 400 mg. The WPI solution was progressively 
blended into SPAN in VCO (5 %) which acts as the oil phase in the 
emulsion. The overall mixing time was set at 5 to 20 min. The mixing 
speeds were set to 1250,2500, 5000, and 7500 rpm using a high-speed 
mixer (Ultra-turrax T 18, IKA, Germany). Further emulsification was 
achieved by heating the primary emulsion to 80 ◦C while stirring it with 
a magnetic stirrer at 500 rpm. The procedure was over when the 
emulsion formed the translucent phase. In this step, WPI proteins were 
expected to be crosslinked and produce microparticles with the drug 
components. The surplus oil from the formulation needed to be 
removed, so it was centrifuged for 1 h at 8000 rpm. The filtrate, protein 
microparticles, was rinsed with Milli-Q water and centrifuged to remove 
any remaining oil. The procedure was done three times before the CAP- 
MP’s were freeze-dried and kept at 4 ◦C. 

2.3. Microparticles (CAP-MP’S) characterization 

2.3.1. Determination of particle Size, polydispersityindex (PDI), and zeta 
potential 

Particle size and size distribution were determined using a Master
sizer 2000 size analyzer (Malvern Instruments, Malvern, UK). The zeta 
potential was determined using a Zetasizer Nano ZS (Malvern In
struments, Malvern, UK). 

2.3.2. Calculation of % encapsulation and drug loading efficiency 
The CAP-MP’s suspension was dissolved and centrifuged at 5000 rpm 

for 10 min. The supernatant was taken and then analyzed using a UV–vis 
spectrophotometer according to a derivatization method described by 
(Alshirifi, et al.) with a visible wavelength. The use of the derivatization 
method was due to the presence of overlapping peaks between the CAP 
and WPI when measured at UV wavelength. The spectrophotometric 
method is based on the condensation reaction between 0.01 M sodium 
bicarbonate, 100 ppm of CAP stock solution, 0.01 M of 1,2 
naphthoquinone-4-sulfonic (1,2 NQS) as a reagent to form an orange-red 
product. The reducing nitro group in drug components of CAP-MP’s into 
the amino group was achieved by the use of 0.5 mL concentrated HCl 
and 300 mg zinc powder while being heated and stirred for 5 min in a 
water bath at 50 ◦C. The reduced solution was allowed to cool for 15 min 
before being filtered to 100 mL in a calibrated flask. Furthermore, it was 
diluted using distilled water. The Orange-red product was measured at 
489 nm to determine the amount of CAP encapsulated in the micro
particles. The calculation of % encapsulation efficiency (EE) and % drug 
loading (DL) follows the following equation respectively: 

%DL =
Amount of Encapsulated Drug

Total Weight
x 100% (1)  

%EE =
Drug Total − Drug Free

Drug Total
x 100% (2)  

2.3.3. Scanning electron Microscope. 
A scanning electron microscope (SEM) (TM3030 microscope; Hita

chi, Krefeld, Germany) was used to examine the sample particles with 

A. Nurul Fitri Marzaman et al.                                                                                                                                                                                                              



International Journal of Pharmaceutics 628 (2022) 122323

3

the microscope set at 20 kV and a magnification range of 900–1200. The 
double-sided sticky tape was used to secure the powders to 1 cm in 
diameter by 1 cm in height SEM stubs before being coated with gold in a 
vacuum evaporator for examination. 

2.3.4. FTIR Study. 
Through the use of an FTIR spectrophotometer (Accutrac FT/IR- 

4100™ Series, Perkin Elmer, USA), we analyzed the components of CAP 
and CAP in MP’s formulation to look for evidence of their interactions. 
Samples of CAP, CAP-MP’s, WPI, and the physical mixture of CAP & WPI 
(1:1) were run through an FTIR spectrophotometer and scanned be
tween 400 and 400 cm− 1 in the wavenumber region. 

2.3.5. Differential scanning calorimetry (DSC) 
Freeze-dried WPI, CAP, CAP:WPI (1:1), and CAP-MP’s formulations 

were all compared for their thermal characteristics. Using an alumina 
pan and a dynamic nitrogen environment with a flow rate of 100 mL 
min− 1, a heating rate of 10 ◦C min− 1, and a temperature range of 
50–550 ◦C, curves were produced using a TGA50H thermobalance (DSC 
2920, TA Instruments, Surrey, UK). The amount of sample used was 
5–10 mg. 

2.3.6. X-ray diffraction (XRD) 
Formulations were powdered, positioned, and covered with glass. 

Measurements were completed using a Shimadzu X-ray diffractometer 
(Rigaku Corporation, Kent, England) and Cu-Kα1 radiation with a 
wavelength of 1.54 Å at 30 kV and 30 mA. Samples were evaluated at 
angles that range from 4◦to 40◦ in 2 h with an increment of 0.02◦ (1.2◦/ 
min− 1) (Botrel et al., 2016). 

2.3.7. In vitro drug released studies of CAP-MP’s 
In vitro drug release of CAP MP’s and CAP-only was evaluated using 

simulated wound fluid which consisted of sodium hydrogen carbonate 
0.36 g, sodium chloride 5.84 g, calcium chloride 0.28 g, potassium 
chloride 30.30 g, and bovine albumin 33.00 g in 1000 mL of deionized 
water. The simulated wound fluid for each formula was put in two 
different flasks consisting of 50 mL total volume. The amount of CAP- 
MP’s equivalent to 50 mg of CAP was added into simulated wound fluid. 
At predetermined time intervals (0.25 h, 0.5 h, 1 h, 2 h, 3 h, 4 h, 5 h, 6 h, 
7 h, 8 h, and 24 h), 5 mL of samples taken and replaced with the same 
volume of new release media. The test was carried out at a temperature 
of 37 ◦C and a speed of mixing at 100 rpm. The CAP drug percentages 
were further examined using a UV–vis spectrophotometer (Shimadzu® 
FTIR-8400) and following the derivatization procedure in section 2.3.2. 

2.3.8. Drug released kinetic using mathematical modelling 
A variety of mathematical models were used to estimate the rate of 

drug release, and the results were presented below (Permana et al., 
2019; Permana and Donnelly, 2019) 

Zeroorderkinetics : Ct = C0 + k0t (3)  

Firstorderkinetics : lnCt = lnC0 +K1t (4)  

HiguchiModel : Ct = kHÖt (5)  

Korsmeyer − Peppas : Ct = kkptn (6)  

HixsonCrowell: Ct
1/3 − C0

1/3 = Kt
HC (7) 

where Ct (%) is the percentage of drug released at time t, C0 is the 
initial value of Ct, t is the time, n is the diffusion release exponent, K0, K1, 
KH, KP, and KHC were the release coefficients corresponding to relevant 
kinetic models. DD-Solver software was utilized to calculate the model 
parameters (Zhang et al., 2010). 

2.4. Determination of antibacterial activity in vitro 

2.4.1. Culture of Staphylococcus aureus (SA) 
At 4 ◦C, we kept a culture of Staphylococcus aureus (SA) (ATCC 

25923) bought from LGC Standards, Middlesex, UK. Bacteria were 
grown in TSA for 24 h at 37 ◦C. Pellets of bacteria were collected and 
resuspended in clean water. Before the antibacterial testing, the optical 
density was calibrated to a concentration of 1.5 × 107CFU/ml. 

2.4.2. In vitro antibacterial activity of CAP-MP’s 
Researchers used the agar diffusion method to evaluate the efficacy 

of CAP-MP’s against SA to be compared with CAP-only in a study of 
antibacterial activity. The stock solutions were prepared in DMSO 
and the solutions were diluted with water. The final concentration of 
stock solutions for both CAP-MP’s and CAP-only was 1 % v/v. TSA was 
used as the growth medium, and SA inoculum was spread out evenly 
throughout the surface of the agar in the petri dish before it was sealed. 
The paper disc contained free CAP and CAP-MP’s at a concentration of 
2.5 μg/mL. Next, we incubated the Petri dishes at 32 ◦C for 24 h. Using 
digital vernier calipers, we determined the size of the inhibitory zone 
that had formed around the paper discs. 

2.4.3. Determination of minimum inhibitory concentration and minimum 
bactericidal concentration 

The microtiter broth dilution method was used to determine the 
minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) of the tested samples. The CAP-only and CAP- MP’s 
preparations were evaluated. Following the protocol established by the 
Clinical and Laboratory Standards Institute, the investigation was con
ducted. At the base of each microplate, we dispensed a bacterial sus
pension in TSB (100 μL) at a concentration of 1.5x107 CFU/ml. 
Afterward, we added 100 μL of sample preparations at varying con
centrations, with the highest being 7.5 × 106 CFU/mL of bacteria. The 
plates then spent 24 h in a 37 ◦C incubator. The minimal inhibitory 
concentration (MIC) was determined by incubating bacteria at 
increasing concentrations until growth was suppressed. In addition, 20 
μL dilutions of MIC and concentrations above MIC were cultured in TSA 
plates and incubated at 37 ◦C for an additional 24 h to determine the 
MKC. The MKC was found to be the concentration at which 99.9 % of the 
bacteria died. 

2.4.4. Time kill assay 
Three independent time-kill assays of CAP and CAP-MP’S were 

conducted using a modified version of the protocols described in the 
previous studies (Permana et al., 2021a, 2020a). The SA bacterial sus
pension was adjusted to 7.5 × 106 CFU/mL by adding dilutions of CAP 
and CAP-MP’S at concentrations similar to MIC, 2x MIC, and 4x MIC. 
Twenty microliters of culture mediums were taken at 0, 2, 4, 6, 8, 12, 18, 
and 24 h after 37◦C incubation. After 24 h of growth at 37 ◦C, the cul
ture was transferred to new TSA plates for cultivation. Finally, the col
ony forming units (CFU) on the TSA plates were enumerated, and the log 
CFU/mL was plotted against the time-kill to obtain the curve. 

2.5. Preparation of thermoresponsive gel of CAP-MP’S for dermal 
delivery 

The thermoresponsive in situ gel of CAP-MP’S was prepared with 
various polymer concentrations of Pluronic® F127 and F68 as the pre
liminary formulation shown in Table 1. Firstly, seven formulations of 
ratios between pluronic® F127 and F68 were mixed, and the ingredients 
were combined and stored in the fridge for 12 h. Constant stirring 
ensured that all of the ingredients were evenly incorporated without any 
visible lump. The formulation with physiological or even higher (F1-F5) 
gelation temperature was then put through an affirmation test by the 
addition of 0.5 % HPMC (Table 2) to see the reduction of gelation 
temperature compared to the first preliminary formulation. 

A. Nurul Fitri Marzaman et al.                                                                                                                                                                                                              



International Journal of Pharmaceutics 628 (2022) 122323

4

The selected formulation was prepared by dissolving the mixture of 
ingredients in the water while carefully stirring until a clear solution was 
achieved; the amount of HPMC added varied depending on the ratios 
used (Table 3). After that, the in situ thermoresponsive gels were 
formulated using the same quantity of CAP-MPs as before, which was 1 
% w/v of free CAP. All formulations were made in 50 mL as the final 
concentration. 

3. Characterization of thermoresponsive gel of CAP-MP’S 

3.1. Gelling temperature measurement (Tsol-gel) 

By depositing 2.5 mL of in situ gel in a closed-tube vial and heating it 
in a water bath set to 20 ◦C, the sol–gel transition temperature was 
calculated using a method previously described (Khattab et al., 2019). 
Every time the bath temperature was increased by 1 ◦C, the vials were 
rotated 90◦. The temperature at which the gel stops flowing when the 
vial is turned is known as the Tsol-gel. All the tests were successfully 
done in triplicates. 

3.1.1. Mucoadhesion strength 
For this study, we used a modified balancing method to assess 

mucoadhesive strength. There was rat skin fastened to both the top and 
bottom of the vials. Between the attached skin (surface area of 2.9 cm2) 
1 g of each gel formulation was placed. Every 30 s, a specific amount of 

weight was placed on the pan on the right arm of the scale to determine 
how much pressure was needed to release the gel. The weight was added 
until the surface of the two vials was split, at which point the process was 
stopped. The experiment was carried out at a physiological temperature 
(35◦C) in triplicates (Enggi et al., 2021). The equation used to determine 
mucoadhesive force is described below, 

Mucoadhesive Strength (N/m2) =
mg
A

x 0.1 (8) 

The m in the equation refers to the mass (gram) needed to release the 
gel from the skin, g refers to the acceleration due to gravity (980 m/s2), 
and A refers to surface area (cm2). 

3.1.2. Viscosity 
For this purpose, a Brookfield viscometer with an appropriately sized 

and speeded spindle was used to measure the formulations’ viscosities. 
Thermoresponsive gels were tested at three different temperatures (4 ◦C, 
25 ◦C, and 37 ◦C) (Enggi et al., 2021). The viscosity was measured in 
triplicate using spindle 7 for measurement at 37 ◦C and spindle 3 for the 
measurement at 4 ◦C and 25 ◦C, with a sample volume of 50 mL and a 
speed rate of 50 rpm. 

3.1.3. Rheological properties 
A Brookfield viscometer was used to evaluate the gel’s rheological 

characteristics. Thermoresponsive gels were tested in this experiment at 
37◦C. Spindle 7 was then used to gradually rotate the gel at 5, 10, 20, 50, 
and 100 rpm. The dial reading was recorded at each speed. The metric 
was checked three times. 

3.1.4. pH measurement 
The pH of the thermoresponsive in situ gel formulation is crucial for 

patient comfort. The pH levels were tested in triplicate using a digital pH 
meter from Horiba Scientific in Kyoto, Japan. The pH range must be
tween the acceptable values to ensure comfortable administration. 

3.1.5. Spreadability. 
Thermoresponsive in situ gel formulation (weighing 500 mg) was 

spread out on a glass plate and its diameter was measured. Another 500 
g glass plate was then placed on the top of the formulation. After 5 min, 
the diameter of the gel that was spread out was measured (Permana 
et al., 2020b). 

3.1.6. Extrudability 
A collapsible tube had 20 g of gel packed inside. The tube was then 

crimped at one end and clamped to avoid spillage. After taking off the 
top, the gel began to flow out. The quantity of gel that was extruded was 
measured with the equation below: 

(%)Extrudability =
totalmassofextrudedgel

totalmassofgelinsertedinthetube
x100% (9) 

The percentage done to determine what proportion of the gel was 
extruded (>90 % extrudability: excellent, >80 % extrudability: good, 
>70 % extrudability: fair) (Aiyalu et al., 2016). 

3.1.7. In vitro skin Occlusive-Ability Evaluation. 
The occlusive ability of human skin was tested in vitro using a 

technique that was previously reported (Malik and Kaur, 2018). The 
formulation, weighing in at 250 mg, was spread across a sheet of 
Whatman filter paper (with a pore size of 2.5 ηm). A 100 mL beaker 
containing 50 mL of distilled water was covered with filter paper that 
had gel on the top. Filter paper devoid of any formulation was utilized as 
a control. The beaker contents temperature was maintained at 32 ◦C, 
and the system’s mass was measured at 0, 6, 24, and 48 h. The per
centage of occlusive (C0) was calculated with the equation below: 

Table 1 
Composition of preliminary formula for CAP-MP’s thermoresponsive in-situ gel 
system.  

Compositions % composition (w/w) 

F1 F2 F3 F4 F5 F6 F7 

Pluronic F127 8 12 16 20 24 28 32 
Pluronic F68 2 3 4 5 6 7 8 
Gliserin 10 10 10 10 10 10 10 
CAP-MP’s 1 1 1 1 1 1 1 
DMDM 

Hydantoin 
0,1 0,1 0,1 0,1 0,1 0,1 0,1 

Distilled water ad 
100 

ad 
100 

ad 
100 

ad 
100 

ad 
100 

ad 
100 

ad 
100  

Table 2 
Composition of CAP-MP’s thermoresponsive in-situ gel formula with the addi
tion of HPMC 0.5 (%w/w).  

Compositions % composition (w/w) 

F1 F2 F3 F4 F5 

Pluronic F127 8 12 16 20 24 
Pluronic F68 2 3 4 5 6 
HPMC 0,5 0,5 0,5 0,5 0,5 
Gliserin 10 10 10 10 10 
CAP-MP’s 1 1 1 1 1 
DMDM Hydantoin 0,1 0,1 0,1 0,1 0,1 
Distilled water ad 100 ad 100 ad 100 ad 100 ad 100  

Table 3 
Composition of CAP-MP’s thermoresponsive in-situ gel Optimized formula with 
the addition of HPMC in variety of concentration (%w/w).  

Compositions % composition (w/w) 

F3a F3b F3c F3d F3e 

Pluronic F127 16 16 16 16 16 
Pluronic F68 4 4 4 4 4 
HPMC 0,25 0,5 1 1,5 2 
Gliserin 10 10 10 10 10 
CAP-MP’s 1 1 1 1 1 
DMDM Hydantoin 0,1 0,1 0,1 0,1 0,1 
Distilled water ad 100 Ad 100 ad 100 ad 100 ad 100  
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C0 =
W0 − W1

W0
x100% (10) 

where W0 represents the water loss in the control group and W1 
represents the water loss in the formulation group. 

3.1.8. In vitro hemolytic activity 
For the purpose of establishing the CAP-MP’s thermoresponsive gel’s 

biocompatibility and safety, an in vitro hemolytic activity investigation 
was performed. Wistar rats were used to get a recent blood sample. 
Centrifugation at 2000 rpm for 20 min was used to separate the plasma 
from the red blood cells (RBC). After three times washes in PBS (phos
phate-buffered saline, the RBCs were mixed in a vortex mixer and 
centrifuged at 2000 rpm for 10 min. A 10 % v/v concentration of PBS 
was used to resuspend the washed RBC. The samples were evaluated by 
adding 100 μL to 900 μL of RBC and incubating the mixture at 37 ◦C for 
1 h. Afterward, the samples were centrifuged at 7000 rpm for 10 min. 
With a UV–vis Spectrophotometer (Dynamica, HALO XB-10), we 
determined the absorbance of the supernatant at the wavelength of 540 
nm. PBS (phosphate-buffered saline) and water (the negative control) 
were both added to blood samples (Mir et al., 2020). The procedure was 
replicated three times. Hemolysis was measured using the following 
formula: 

Hemolysis(%) =
(ODtestsample) − (ODnegativecontrol)x100
(ODpositivecontrol) − (ODnegativecontrol)

(11)  

3.1.9. Ex-vivo skin dermatokinetic study 
The skin was manually implanted with the CAP-thermoresponsive 

MP’s gel and then attached to Franz cell diffusions with cyanoacrylate 
glue for evaluation of ex vivo dermatokinetics. Receptor media consisted 
of PBS (pH 7.4) with 1 % w/v Tween 80. On top of the gel, a 5 g cylinder 
of stainless steel was placed. The speed of 600 rpm was used and the 
environmental temperature was set at 37 ± 1 ◦C in the experiment. in 
the experiment. After being removed from the gel and washed with PBS, 
the skin samples were obtained at regular intervals. Next, a 5 mm biopsy 
punch was used to make a hole in the patient’s skin (Stiefel, Middlesex, 
UK). The samples of skin were heated in a water bath at 60 ◦C for two to 
three minutes in order to separate the epidermis and dermis. Forceps 
were used to gently separate the epidermis from the dermis. Afterward, 
1 mL of methanol was added to the skin sections, and the resulting 
mixture was homogenized using a Tissue Lyser LT (Qiagen, ltd., Man
chester, U.K.) at 50 Hz for 10 min to extract CAP from the skin. To find 
out how much CAP there was entrapped there, HPLC was used for 
further analysis. In addition, the use of a one-compartment open model, 
PKSolver (China Pharmaceutical University, Nanjing, China) was used 
to create a curve of the drug concentration vs time of application. Af
terward, the dermatokinetic profiles were calculated. The drug 
maximum concentration (Cmax), time to achieve maximum concentra
tion (tmax), area under the curve from time zero (t = 0) to the last 
experimental time point (t = 24 h) (AUC), mean of drug half-life (t1/2), 
and mean residence time of the drug (MRT) were all determined. The 
CAP conventional gel was also evaluated dermatokinetically as a com
parison (control). 

3.1.10. Ex vivo antibacterial activity using bacterial infection model on rat 
skin 

3.1.10.1. Preparation of bacterial skin infection model. For sterilization, 
the skins were submerged in 70 % ethanol for 1 h. After washing, the 
skin was dried for 20 min in a biosafety cabinet. To recap, 50 μL of the 
1.5 × 107 CFU/mL bacterial solutions were injected intradermally into 
the sterile skin. The sections of skin were sterilely placed on TSA plates. 
Every day, for 7 days, the plates were transferred aseptically to new TSA 
plates at 37 ◦C while the skin was being cultured. 

3.1.10.2. Determination of ex vivo antibacterial activity using bacterial 
infection model on rat skin. A Similar apparatus on the dermatokinetic 
evaluation was also used to test the antimicrobial efficacy of the com
pound in an ex vivo bacterial infection model using rat skin. In this 
experiment, the skin infection model was established in Franz diffusion 
cells rather than using normal full-thickness rat skin. Skin samples were 
taken 6, 12, and 24 h after CAP- MP’s thermoresponsive gel was applied, 
and 1.5 mL of sterile water was applied to each sample in a microtube. 
Then, for 15 min, the mixture was homogenized using a Tissue Lyser LT 
(Qiagen, ltd, Manchester, UK) at 50 Hz. Finally, TSA plates were inoc
ulated with 20 μL of the homogenized samples and incubated for 24 h at 
37 ◦C. 

Additionally, the same technique was carried out using both a pla
cebo gel and a standard gel containing CAP on the affected area. To 
conclude, the total number of viable colony-forming units (CFUs) was 
determined. As a comparison, we used infected skin that had not been 
treated with any gel or CAP composition. 

3.2. Statistical analysis 

Statistics were presented as means ± standard deviation (SD). 
Microsoft® Excel® 2016 was used to calculate the mean, standard de
viation, linear regression analysis, percentage RSD, and coefficient of 
variation for each sample used in the validation technique (Microsoft 
Corporation, Redmond, USA). Data were analyzed statistically using 
GraphPad Prism® version 6 (GraphPad Software; San Diego, California, 
USA). For which a statistically significant difference was indicated when 
the p-value was<0.05 (p-value < 0.05). 

4. Results and discussion 

4.1. Physicochemical determination and characterization of 
chloramphenicol encapsulated whey protein microparticle (CAP-MP’s) 

The formulation of Chloramphenicol microparticles (CAP-MP’s) was 
developed to enhance the physicochemical characteristics and the skin 
penetration of CAP-MP’s. In order to evaluate whether our findings 
showed desirable properties, several evaluation procedures were 
developed in the present investigation. The microparticle for
mulation used a thermal cross-linking procedure of denatured WPI 
proteins according to a modified water-in-oil emulsion method (Wu 
et al., 2015). For this purpose, fourteen formulations were established 
and four parameters were evaluated between formulas, where the F1-F5 
were the variety of CAP concentrations, F6-F8 were the variety of WPI 
concentration, F9-F11 were the variety of mixing speed (rpm) and F12- 
F14 were the variety of mixing times. All formulas were used to observe 
the effect on each parameter to produce better properties of micro
particles and all the parameters were summarized in Table 4. 

4.1.1. Size determination of particles, zeta potential and PDI 
When it comes to the development of stable formulations, the par

ticle size and zeta potential of micro-encapsulated compounds can 
provide invaluable insight. The particle size of CAP-MP’S with the fourth 
parameter can be seen in (Fig. 1). The mean particle size values of CAP- 
MP’S in the F1-F5 (various concentration), F6-F8 (various WPI con
centrations), F9-11 (Various mixing speed) and F12-F14 (various of 
mixing times) were 0.95 ± 0.07 μm; 0.98 ± 0.11 μm; 1.12 ± 0.11 μm; 
1.11 ± 0.14 μm; 1.14 ± 0.16 μm; 0.35 ± 0.06 μm; 2.23 ± 0.03 μm; 6.01 
± 0.19 μm; 8.95 ± 0.19 μm; 7.40 ± 1.13 μm; 2.17 ± 0.07 μm; 5.62 ±
0.38 μm; 2.01 ± 0.07 μm; and 2.06 ± 0.10 μm, respectively. 

The main composition of WPI is β-lactoglobulin which is known to 
have the ability of binding hydrophobic complexes by their binding sites 
at a pH of 7.0, permitting ligands to reach the hydrophobic core and so 
facilitating the binding of a significant number of extremely small hy
drophobic molecules (Wang et al., 2019) Chloramphenicol is a hydro
phobic compound that works with proteins in making smaller and more 
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compact particles due to its strong hydrophobic interaction (Wang et al., 
2019). The excellent emulsification ability of WPI, which acts as a sur
factant because of its hydrophilic and hydrophobic areas, could produce 
smaller microparticles than those of other proteins (Shen et al., 2018). 

Larger particle size was seen at greater drug concentrations due to 
the ability of β -lactoglobulin to entrap or absorb drug components, 
resulting in a stronger hydrophobic contact. The particle size also de
pends on the increasing amount of WPI, which can be seen in Fig. 1B. 
When compared to other parameters of formulation, there was an in
crease of the particle size that was found to be significantly higher (p <
0.05) due to the higher concentration of WPI in the formulation. There 
were core-coating ratios between the drug entrapped in WPI. At a 
different speed of mixing (1250 to 7500 rpm), small droplets ranging 
from 200 to 800 μm were obtained and showed a significant difference 
(p < 0.05) that is clearly shown in Fig. 1C. As the mixing speed 
increased, the size distribution become narrower. This is due to gravity’s 
diminishing pull, the system may be able to stay together without 
showing signs of dissociation, coalescence, or flocculation which is 
suggest that the stability of microparticle formulation can be signifi
cantly impacted (Tadros et al., 2004). Comparing the fourth parameter 
in the formulation, CAP-MPs produced at 7500 rpm with a particle size 
of 209 μm were chosen as a suitable formulation for further 
examination. 

Fig. 1 also illustrates the polydispersity index (PDI) values for all 
formulations and parameters. The presence of microparticles with 
higher PDI values points to a broad size distribution, which indicates 
that the substance is more susceptible to Ostwald ripening. A lower PDI 
value close to zero, on the other hand, suggests that there is homogenous 
dispersion between particles and a relatively narrow distribution with 

Table 4 
Specifics regarding the formulation parameters that went into the making of 
CAP-MP’s.  

Formulation 
Code 

CAP 
in PG 
(ml) 

SPAN 
in 
VCO 
(%) 

WPI in 
water 
(%) 

Total 
amount of 
CAP in 
the 
mixture 
(mg) 

Mixing 
Speed 
(rpm) 

Mixing 
time 
(minute) 

F1 2 5 10 25 5000 10 
F2 2 5 10 50 5000 10 
F3 2 5 10 100 5000 10 
F4 2 5 10 200 5000 10 
F5 2 5 10 400 5000 10 
F6 2 5 5 100 5000 10 
F7 2 5 15 100 5000 10 
F8 2 5 20 100 5000 10 
F9 2 5 15 100 1250 10 
F10 2 5 15 100 2500 10 
F11 2 5 15 100 7500 10 
F12 2 5 15 100 5000 5 
F13 2 5 15 100 5000 15 
F14 2 5 15 100 5000 20  

Fig. 1. Particle size, zeta potential and PDI value for the variety of drug concentration (F1-F5) (A); Particle size, zeta potential and PDI value for the variety of WPI 
concentration (F6-F8) (B); Particle size, zeta potential and PDI value for the variety of mixing speed (F9-F11) (C); Particle size, zeta potential and PDI value for the 
variety of mixing time (F1-F5) (D). 
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strong physical stability (Wang et al., 2019). The PDI in F1-F5 had a 
variation in drug concentration that did not experience a significant 
difference, as well as the addition of polymer concentration (WPI) in the 
F6-F8 formula (p > 0.05). The PDI value was different in F9-F11 which 
was influenced by the mixing speed and found to be significantly 
different (p < 0.05) because the size distribution was narrower with the 
increase in the speed of mixing. This is what happened in F1-F8 where 
there was no significant difference; the speed used for the eighth for
mula was 5000 rpm which caused the PDI values to be approaching the 
F11 formulation (0.111 ± 0.006). The same theory also supports a sig
nificant difference in F12-F14 with variations in mixing times; when 
mixing at 15–20 min at 5000 rpm, it also showed a PDI that is close to 
zero, similar to F1-F8 and F11 (Fig. 1). Higher speeds and mixing times 
lead to a smaller PDI value (PDI > 1), which may be attributable to the 
increased interaction between WPI and CAP. This interaction leads to a 
more homogeneous particle system with a narrower size dispersion and 
no aggregation potential between particles (Shen et al., 2018). By 
observing the variety of PDI values between all parameters, we can 
establish that the uniform particles could be obtained if the mixing 

speed was in the range of 5000–7500 rpm with a mixing time between 
10 and 20 min. For this reason, we choose the F11 formulation with 
mixing speed and time at 7500 rpm and 10 min, respectively. 

The determination of CAP-MP’S zeta-potentials was also presented 
in (Fig. 1). Observations of the zeta potential provide a value that in
dicates the intensity of the force that acts to repel particles from one 
another. Both the composition of the microparticles and the medium in 
which they were scattered and had an effect on the zeta potential. 
Because the pH was thought to be greater than the isoelectric point of 
whey protein, the zeta potential value for the entire substance has a 
tendency to be negative. When the pH was greater than the isoelectric 
point, which happens when the pH was above 5, proton dissociation 
takes place. The dissociation results in the particle having a negative 
charge. The significant difference in F6-F8, which was affected by the 
addition of polymer, was due to the charge carried by each polymer. As 
more of the polymers were added, the tendency for the zeta potential to 
increase will also occur; this change results in greater forces of repulsion 
between particles and has the potential to improve the physical stability 
in a variety of systems (Muller, R.H.; 1996). The dispersion of the charge 

Fig. 2. Entrapment efficiency for the variety 
of drug concentration (F1-F5) (A); Entrap
ment efficiency for the variety of WPI con
centration (F6-F8) (B); Entrapment efficiency 
for the variety of mixing speed (F9-F11) (C); 
Entrapment efficiency for the variety of mix
ing time (F1-F5) (D). Drug Loading for the 
variety of drug concentration (F1-F5) (E); 
Drug Loading for the variety of WPI concen
tration (F6-F8) (F); Drug Loading for the va
riety of mixing speed (F9-F11) (G); Drug 
Loading for the variety of mixing time (F1-F5) 
(H).   
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in the microparticle mixture was also affected by the speed of the mixing 
as well as the duration of the mixing. This effect suggests that CAP may 
be attached to WPI microparticles. Wang et. al. reported a similar 
finding, where zeta potential values dropped after the encapsulation of 
CAP into β -lactoglobulin from − 8.63 to − 17.93 mV (Wang et al., 2019). 
This was the reason why the negative charge of the particles in our 
findings was increasing between F9 and F11 from –33 to − 34 mV due to 
the higher speed and time of mixing and F11 was chosen as the 
formulation for further evaluation. 

4.1.2. Encapsulation efficiency (EE) and % drug loading 
The percentage of encapsulation efficiency and drug loading was 

measured according to the derivatization method explained in section 
2.3.2. This evaluation demonstrated how well CAP was encapsulate
d into WPI microparticles. While adding CAP to WPI microparticles at 
the highest concentration (200 and 400 mg), encapsulation effectiveness 
was found to decrease (Fig. 2A). The decrease indicates that some of 
CAP components were not embedded but rather floated freely in the 
protein matrix. Similarly, Patel et. al. showed that the %EE of protein 
nanoparticles containing curcumin (hydrophobic compound), which 
were thought to be precipitated, reduced as the concentration of cur
cumin increased (Patel et al., 2010). 

For the samples with encapsulation efficiencies higher than 60 %, it 
was affected by the ratios of WPI to CAP, higher speed, and time of 
mixing. The adsorption efficiency increased when the emulsification 
rate and duration of emulsification were increased and the evaporation 
time induced by heating was also increased (80 ◦C). Faster emulsifica
tion would cause smaller emulsion globules, which in turn would permit 
the production of smaller particles. More energy was produced during 
the homogenization process, hastening the dispersion of the polymeric 
organic phase, and resulting in particles that are both exceptionally 
small and uniformly distributed. The inability to adequately disperse the 
organic phase may account for the bimodal distribution observed at 
homogenization rates of 1250 and 7500 rpm (Sharma et al., 2016). 
Previous research has also shown that astaxanthin encapsulated in whey 
protein isolate generally had an EE percentage of>90 % across the 
board (Shen et al., 2018). 

With a high drug loading capacity, a good microparticle system can 
use less of the matrix material in the treatment. Drug loading and 
entrapment efficiency were significantly impacted by polymer compo
sition, molecular weight, drug interaction between polymers, and the 
presence of end functional groups (ester or carboxyl). Maximum 
adsorption and minimum solubility occur at or near the isoelectric point 
when the loading efficiency of the macromolecule or protein was 
highest. Ionic interaction between the drug and matrix materials has 
been shown to be a very effective approach to boosting drug loading, 
especially for small particles (Shahi & Thube, 2011). Drug loading, 
based on the observations of the variation of drug concentrations, 
experienced a significant difference (p < 0.05) because the greater the 
drug concentration, the higher the measured drug concentration in the 
mixture of microparticles (Fig. 2E). The effect of adding polymers in 
with the microparticles will also increase drug loading, which affects the 
amount of precipitate that will be measured from the overall weight of 
the mixture (Fig. 2F). This was based on the influence of stirring speed 
and stirring time, which is both influenced by the increase in sorption 
efficiency. Sorption efficiency will also affect drug loading. In F14, the 
drug loading decreased because the mass of the precipitate, which 
affected the total weight in the formulation, also decreased so that the 
measured drug levels would also be relatively low. The yield of nano
particles will also decrease with the increasing stirring speed. A study 
conducted by Permana et al. incorporated Itraconazole into NC’s, which 
was supposed to intensify the dispersibility between particles, including 
those in aqueous polymeric solutions (Permana et al., 2021a). 

Based on the explanation above, the formulation code F11 was used 
as further consideration for the next characterization by paying close 
attention to the mixing time and speed of 10 min and 7500 rpm, 

respectively, as well as the WPI concentration of 15 % and 100 mg CAP 
concentration in the mixture. The formula was chosen specifically 
because it can produce small particles at 2.17 ± 0.07 μm with a lower 
PDI value close to zero (0.111 ± 0.006) and a negatively charged par
ticle with a zeta potential value of -34.84 ± 0.77 mV, indicating a good 
attachment process of CAP to WPI microparticles. The F11 formula also 
had a higher drug entrapment efficiency (%EE) than the other formulas, 
measuring at 70.64 ± 1.12, and a huge proportion of drug loading which 
is found at 8.8 ± 0.12. 

4.1.3. SEM analysis 
The F11 formulation prepared at a mixing speed of 7500 rpm was 

further evaluated using a light microscope and SEM as depicted in Fig. 3 
(D) and 3(E). Both evaluations showed the same characteristic of CAP- 
MP’s. They have a smooth, spherical particle shape with a particle range 
that starts at 200 μm. WPI microparticle preparation has the potential 
benefit of increased heat stability as a result of pre-heating, making it 
preferable to WPI molecules on an individual basis for applications that 
call for heat treatment (Sağlam et al., 2013). Hydrophobic micro
domains may also be exposed due to heat-induced protein unfolding. 
This would result in a somewhat hydrophobic and hydrophilic surface 
on the WPI microparticles, enabling their application in emulsions. 
Because WPI microparticles near the o/w interface contain charged 
proteins, they prevent the emulsion droplets from aggregating by elec
tric repulsion and coalescing via steric contact (Wu et al., 2015). Same to 
what we already observed, Khan et al. also observed smooth, spherical, 
and more apparent shape particles when observing particles that were 
encapsulated with whey protein (Khan et al., 2019). Microparticles 
being able to enter human skin was affected by factors such as particle 
size and formulation. Particles>1 μm tend to remain on the skin’s sur
face, where they might gather into films. Only a small fraction of mi
croparticles manage to pass through the lipid layers of the stratum 
corneum; those with a diameter of<1.5 μm were able to efficiently reach 
a depth of>2 μm within hair follicles. Microparticles were able to 
penetrate the hair follicle’s lipid bilayer, allowing for better medication 
delivery (Lademann et al., 2004). 

4.1.4. FTIR evaluation 
The FT-IR spectra in Fig. 3A illustrate the interaction between WPI 

and CAP in a CAP-MP’s followed by the physical mixture of CAP and 
WPI (1:1), and in WPI and CAP alone. Noteworthy peaks in the infrared 
spectra were seen between 3200 and 3600 cm− 1, which were interpreted 
as signs of hydrogen bonding (Teng et al., 2013). After being encased in 
WPI microparticles, however, the O–H functional groups (3489 cm− 1) 
in the CAP peak were still seen at the same wavelength, which is thought 
to be the main facilitating force for microparticles production (Bagheri 
et al., 2013). It was discovered that the spectra of CAP, the physical 
mixture, and the CAP-MP’s have a number of characteristic peaks at 
2974 cm− 1 that were attributable to C–H stretching of the aliphatic 
group (Khan et al., 2019). Whey protein isolate consists primarily of the 
proteins α-lactalbumin and β -lactoglobulin. Their existence is 
confirmed by the presence of Amid I and Amid II bands, which are 
sometimes referred to as the “backbone” of WPI. The Amid I bands were 
found in the encapsulated CAP between 1600 and 1800 cm− 1, which are 
predominantly attributed to carbonyls with C––O stretching vibrations. 
The 1453 cm− 1 absorption bands seen in Amid II were related to a 
structure that combines a C–N stretch and an N–H bending group 
deformation of protein isolate (Goyal et al., 2015). The addition of WPI 
did not cause a shift in the wavelength of CAP in the CAP-MP’s spectrum. 
However, it did increase the intensity of the absorbance, suggesting that 
the N–H group of the CAP was introduced to the exposure of the pep
tides, and the interaction between WPI and CAP was likely electrostatic 
rather than chemical reactions (Wang et al., 2019). 

It appears that electrostatic forces were responsible for the interac
tion between WPI and CAP (Dai et al., 2016). A rise in the strength of 
Amid I and Amid II was also suggestive of the binding of CAP to β 
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-lactoglobulin. Research by Hasni et. al. detected that the intensities 
of Amid I and Amid II both increased, but there was no substantial 
shifting after the binding of lipids to β -lactoglobulin (Hasni et al., 2011). 
Changes in the secondary structure were detected by Amide I and Amide 
II (Jia et al., 2016). Intensity shifts demonstrated how CAP affected the 
secondary structure of β -lactoglobulin, which is consistent with spectral 
findings. For the most part, the interaction between a protein and 
a small particle of hydrophobic material was thought to be mediated via 
hydrogen bonding and hydrophobic force. 

Hydrogen bonds were frequently implicated in hydrophilic in
teractions involving C––O, N–H, and C–N. The hydrophobic interac
tion and the -C–H antisymmetric stretching vibration were both 
associated with the wavelength region of a 2900–3000 cm− 1 absorption 
band (Hasni et al., 2011). Variations in the intensity indicated the 
involvement of the hydrophobic interface between the β -lactoglobulin 
in whey protein and CAP complexes. 

4.1.5. DSC evaluation 
Whey protein isolate, CAP microparticles, native chloramphenicol, 

and a 1:1 CAP:WPI physical combination were all depicted on the DSC 
thermograph from 20◦ to 300 ◦C in Fig. 3B. In both the WPI-only and 
CAP-MP’s DSC curves, an endothermic peak between 50 and 120 ◦C was 
seen, with the peak temperature centered at ± 80 ◦C. In contrast, the 
WPI-only and CAP-MP’s samples showed no melting point, showing that 
the CAP was amorphous in the monodispersions. The findings agreed 
with the study of Yi et al., who reported that protein-based and protein- 

dextran-conjugated nanoparticles encapsulating β-carotene were also 
amorphous (Yi et al., 2015) Whey protein’s primary components, α 
-lactalbumin, and β -lactoglobulin, undergo heat-induced transitions, 
which may contribute to the endotherm quality. Moreover, between 140 
and 150 ◦C, an endothermic peak developed in the physical mixture of 
WPI and CAP (1:1). 

This may be due to the evaporation of absorbed water. At around the 
melting point of 149 ◦C, sharp peaks were detected in CAP-only. In the 
CAP-MP’s and WPI-only samples, only an endothermic peak was seen, 
indicating that the CAP was correctly encapsulated in the WPI micro
particles and molecularly disseminated in the polymeric matrix. 

It is important to compare our findings to other hydrophobic com
ponents, such as zein, ergocalciferol, and cholecalciferol nanoparticles 
studied by Luo et. al., by showing the lack of endothermic peaks of zein 
and CMCS lacking endotherm peaks; this indicates that the zein was 
molecularly dispersed in the polymeric matrix and confined inside the 
CMCS-calcium matrix, which means it was encapsulated inside the 
nanoparticles (Luo et al., 2012). A similar discovery was made by Lai 
and Guo, demonstrating that the lack of an endotherm peak in analyzed 
temperatures was proof of encapsulation (Lai and Guo, 2011). 

4.1.6. Xrd 
The samples’ crystallinity was measured in order to draw conclu

sions about their respective properties by utilizing X-ray diffraction 
(Silva et al., 2016). To determine the structural properties of the dry 
products of CAP microparticles as an essential component of the 

Fig. 3. Representative image for FT-IR (A); DSC (B); XRD (C); light microscope (D) SEM (E) (The white scale exemplifies a length of 25 μm in each measurement), 
Hemolytic assay (F) of negative control (a), positive control (b), group of 500 ppm (c), group of 50 ppm (d), group of 5 ppm (e). 
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examination we observed the broadband X-ray diffraction patterns, or 
those with a larger peak pattern, as an indication of amorphous struc
tures because the molecules in this condition scatter light more widely 
(Silva & Meireles, 2015). Fig. 3C displays powder X-ray diffraction 
patterns derived from the CAP-MP’s and the raw materials employed as 
the drug and polymer. In good agreement with the DSC thermograms, 
the XRD evaluations showed distinguishable peaks around the 20–35 
◦2θ regions with a large, diffuse peak that can be clearly seen in the 
diffractograms, indicating that the CAP enclosed with WPI had an 
amorphous structure. The absence of a common peak between the raw 
materials (CAP) and the CAP-MP’s generated suggests that the CAP was 
encapsulated with WPI prior to particle production. When an amor
phous matrix undergoes a transition from its vitreous state to its gum 
state, which may happen with a rise in moisture content or at elevated 
temperatures, the encapsulated hydrophobic chemicals are released 
(Ordoñez & Herrera, 2014). 

4.1.7. In vitro drug released studies of CAP-MP’s 
The curve in Fig. 4A showed the comparison of drug release between 

CAP-only and CAP-Mp’s. To suit the physiological conditions of the 
skin, in vitro drug testing was performed using simulated wound fluid. 

Based on this research, it can be seen that the drug encapsulation process 
into microparticles using whey protein can improve the drug release 
profile. The study showed that the percentage of drug released from 
chloramphenicol microparticles after 24 h was 95.85 ± 2.30 %. Drug 
release of CAP-MP’s at 8 to 24 h was rapid and stagnant. On the other 
hand, the amount of a single chloramphenicol drug was 96.51 ± 2.92 % 
after only 6 h. The formulation of chloramphenicol in the form of mi
croparticles was able to show a continuous pattern with observation for 
24 h, different from the use of CAP-only which showed a faster release 
profile and reach approximately 100 % release only in 6 h. This profile 
was related to the curved surface area of chloramphenicol and did not 
show a lead curve as a sign of drug enhancement, with a controlled 
release profile (Lee & Choo, 2015). The release of the drug from the 
encapsulated polymer could occur because CAP has a weak bond to the 
polymer matrix (whey protein). The solubility of WPI in simulated 
wound fluid also plays a role in the drug release process so that it can 
cause erosion of the microparticle matrix which causes prolonged drug 
release. 

4.1.8. Drug release kinetic using mathematical modelling 
The data of drug dissolution was analyzed with five different kinetic 

Fig. 4. % Drug release of CAP-MP’s compared to CAP-only (A); Diameter of inhibitory zone formed against SA of CAP-only and CAP-MP’s (B); Time Killing Assay for 
CAP-only (C); Time Killing Assay for CAP-MP’s (D); The inhibitory zone (E) of CAP-only (a) and CAP-MP’s (b); The inhibitory zone of controls (F), (mean ± SD, n 
= 3). 
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models to investigate the dissolving mechanism and kinetic modeling of 
CAP and CAP microparticles (F11). The model with the highest coeffi
cient correlation was chosen as the best fit for the release process. The 
results revealed that the release profiles of microparticle formulations 
(CAP-MP’S) were following the Hixson Crowell model, while that of 
CAP-only followed zero order models with R values of > 0.97 (Table 5). 
The Hixson-Crowell kinetic models describe particle release from sys
tems with changes in particle surface area and diameter. For a drug 
consisting of uniformly sized particles, it was possible to derive an 
equation that expresses the rate of dissolution based on the erosion 
ability of the matrices to release the drug. Hence, it can help to define 
the release pattern of the drug as it governs the efficacy of the dosage 
form. In conclusion, we can say that drug release of SDF-loaded polymer 
matrices follows an erosion mechanism (Arafat et al., 2021; Singhvi & 
Singh, n.d.). 

Statistical analysis shows that CAP-MPs have a considerably greater 
percentage of dissolution profiles compared to CAP-Only (p < 0.05), this 
can be clearly seen at Fig. 4A. 

4.2. In vitro antibacterial activity 

4.2.1. In vitro antibacterial activity of CAP & CAP-MP’s 
The purpose of this analysis was to compare the antimicrobial effi

cacy of CAP-only and CAP- MP’s treatments against SA. Fig. 4E shows 
the results of the inhibitory zone between the two samples. The inhibi
tion zone diameter of CAP samples was 29.2 ± 1.76 mm and increased 
to 30.05 ± 0.65 mm in CAP-MP’s sample (Fig. 4B). The results 
demonstrate that the formulation of CAP into microparticles was able to 
improve the antibacterial activity, even if did not significantly increase 
(p < 0.05). Therefore, there was no discernible distinction in inhibitory 
zone diameter between CAP and CAP- MP’s. (p < 0.05). Results were 
found in DMSO (1 %) and the control did not show any inhibitory zone 
(Fig. 4F). More efficient drug diffusion into the media and deeper 
penetration of microbial cell membranes would result from improved 
solubilization and decreased CAP microparticle size (Niwa et al., 2015). 
The greater amount of free CAP in the dispersion media may potentially 
contribute to the expansion of the inhibition zone produced by the CAP- 
MP’s formulation. This further verifies that the drug used must be in 
soluble form for its antibacterial activity to be displayed. 

4.2.2. Minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) evaluation 

The MIC and MBC values of CAP-only and CAP-MP’s were presented 
in the same manner as in Table 6. This once again confirms that the 
formulation of CAP into MP’s did not have any interruption to reduce or 
even increase the MIC and MBC value of pure CAP, which means that, in 
order to increase the solubility, it was possible that any therapeutic 
medicine that requires this substance will take benefit from it. 

4.2.3. Time Killing assay 
Fig. 4C and 4D show the CAP-only and CAP-MP’s time-kill curves 

against SA in terms of time. The time taken for an antibacterial treat
ment to completely remove bacterial growth was measured in this 
experiment. Following 24 h of growth, the viable SA colony in the un
treated group reached 9.3 ± 0.08 log CFU. The results also show that 
neither CAP nor CAP-MP’S were able to kill 99.9 % of SA at MIC value. 
After 18 and 24 h of incubation with 2x MIC, CAP and CAP-MP’s showed 

no signs of viable SA. Moreover, a concentration of 4x MIC resulted in a 
quicker killing time, which was discovered at 8 h of incubation for both 
CAP and CAP-MP’s. These results suggest that CAP’s antibacterial ac
tivity declines with increasing concentration and prolonged exposure 
(depending on concentration and time). The solubility of CAP in bac
terial culture media was also highlighted for its potential as an anti
bacterial agent. 

4.3. Characterization of thermoresponsive gel preparations incorporated 
CAP-MP’S 

Several methods can be used to identify what makes a thermores
ponsive in situ gel effective in delivering drugs to the dermal layer of the 
skin. The gel-forming polymer was a key ingredient in the formulation. 
For the purpose of this research, a thermoresponsive in situ gel was 
formulated using a tri-polymer blend consisting of Pluronic® F127, 
Pluronic® F68, and HPMC. Poloxamer, or Pluronic®, was a triblock 
copolymer made up of hydrophilic ethylene oxide (EO) and hydrophobic 
propylene oxide (PO). As a result, additional polymers including Plur
onic® F68 and HPMC were frequently used in the formulation to 
enhance the gel properties (Kurniawansyah et al., 2020). Gel formation 
was likely to be sensitive to polymer concentration due to the fact that 
different polymers have varying chemical characteristics. For the 
formulation optimization, seven formulas were used as preliminary to 
determine the ratios between Pluronic F127 and F68 in gel formation 
based on the best characteristic of dermal delivery. After finding the best 
formula from the preliminary by measuring the gelation temperature 
and bioadhesive strength, HPMC was added at a concentration of 0.5 %. 
The chosen formula was optimized by varying the HPMC concentration 
to determine the best formula for further evaluations. Responses were 
logged for in situ gel properties such as gelation temperature (Tsol-gel), 
mucoadhesion strength, viscosity, pH, viscosity, rheology, extrudability, 
hemolytic assay, and ex vivo drug penetration. 

4.3.1. Gelation temperature evaluation (Tsol-gel) 
When creating a thermoresponsive gel, the gelation temperature 

(Tsol-gel) was a crucial factor. A correct dose can be delivered if the 
formulation of the thermoresponsive in situ gel allows it to remain liquid 
at room temperature. The acceptable range of Tsol-gel for thermores
ponsive in situ thermoresponsive gel should correspond to the average 
skin temperature, which is between 32 and 37 ◦C (Tang et al., 2013). 
The temperature at which the liquid became a gel was calculated using 
the inverted tube method. Fig. 5 shows exemplary photographs of a 
thermoresponsive gel formulation at room temperature (liquid) and at 
body temperature (gel). 

The seventh formulation in the preliminary formula exhibits widely 
varying Tsol-gel values, with the highest gelation temperature being 
seen in the F1-F2 formulations at>60 ◦C (Fig. 6A). According to the 
results of the analysis, the gelation temperature was significantly 
affected by the ratio of Pluronic® F127 to F68. When comparing the 
formulation of F1-F2 with F3-F7, it has a lower degree of gelation 

Table 5 
Representative Kinetic model of drug release between CAP and CAP-MP’s.  

Sample Kinetics Model 

ZO FO Higuchi KP HC 

CAP  0.978875349  0.713857175  0.756758792  0.963510593  0.916960875 
CAP-MP’s  0.793739921  0.965534225  0.873949568  − 0.61299788  0.974923098  

Table 6 
MIC and MBC of CAP-MP’s and CAP-only against SA (n = 3).  

Sample MIC (mg/ml) MBC (mg/ml) 

CAP  12.5 25 
CAP-MP’s  12.5 25  
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Fig. 5. Gelling properties for optimized formulation of F3a (A) gelling properties of F3b (B) gelling properties of F3c (C) gelling properties of F3d (D) gelling 
properties of F3e at (E) at room temperature (1) and (2) body temperature. 

Fig. 6. Representation picture of gelation temperature for preliminary formula (A); affirmation test of gelling temperature after addition of 0.5 % HPMC (B); 
bioadhesive strength for Preliminary formulation (C); Bioadhesive strength for Optimized formulation (D) (means ± SD, n = 3). Visualize image of the hemolytic 
assay for CAP-MP’s in thermoresponsive gel (all done in triplicates), group of 500 ppm; (a) 50 ppm; (b) 5 ppm; (c) positive (1) and negative control (2). 
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temperature. Notably, Pluronic® F127 and F68 have opposite effects on 
the gelation temperature. The inclusion of Pluronic® F68 into F127 was 
also observed by Khattab et al. to evaluate the formulation’s gelation 
temperature (Khattab et al., 2019). 

Pluronic® F127 gel preparations with higher Pluronic® F127 con
centrations had lower Tsol-gel temperatures. Alternatively, as Pluronic® 
F68 concentration was raised, the gelation temperature rose. It is 
believed that the structural dissimilarity between Pluronic® F127 and 
F68 is to blame for this phenomenon. Pluronic® consists mostly of a 
central PPO block and two side PEO blocks. At a critical concentration 
and temperature, Pluronic undergoes gelation, which causes the hy
drophobic PPO block to dehydrate while the hydrophilic PEO block was 
hydrated. Changing the PPO/PEO ratio affects the gelation temperature; 
adding a hydrophobic PPO block will decrease Tsol-gel whereas adding 
a hydrophilic PEO block increases it (Krtalić et al., 2018). 

For further investigation, F1-F5 was chosen to see the effect of HPMC 
addition excluding those formulas that form a gel at room temperature 
(F6-F7). It was found that the addition of HPMC (0.5 %) as what shown 
in Fig. 6B did cause significant alteration in the Tsol-gel. The F1-F2 still 
could not reach the gelling temperature based on the physiological 
properties of the body, so the F3 was chosen to be used in the optimized 
formula. The optimized formula consists of a variety of HPMC concen
trations classified into F3a, F3b, F3c, F3d, and F3e. This is to confirm 
how much HPMC concentration should be added to the formulation to 
achieve the best properties of gelling temperature. From the test, it was 
found that F3c showed the best temperature, based on physiological 
factors, and could still form a liquid at room temperature. 

Because of the important role they’ve played in biological applica
tions, sol–gel transformation in HPMC (hydroxypropyl methylcellulose) 
was receiving a growing amount of attention in research. The charac
teristics of HPMC and its concentration of it in the formula both have a 
significant impact on the thermo-reversible behavior of HPMC. Under
standing the progression of the process of gelation within the context of 
the human body was aided by the findings of Joshi et al.’s experiments, 
which were conducted at or near the temperature of the human body. 
The comprehensive analysis of a variety of interactions at the molecular 
level unveiled the sol–gel mechanisms and the influence of a few other 
parameters. It was common knowledge that the hydrophobic groups of 
HPMC were exposed, intermolecular interaction occurs, and new con
nections were formed in the gel network. The sol–gel transformation 
occurred solely because of the hydrophobic interaction of HPMC chains, 
and the water cages mechanism was destroyed during heating (Joshi, 
2011). 

4.3.2. Bioadhesive strength evaluation 
The length of time the preparation makes contact with the mucosal 

layer also has a significant role in determining the mucosal drug’s 
bioavailability when it was applied topically. The effect of the polymer 
in preliminary formulas (F1-F7) was also investigated between Plur
onic® F127 and F86 to determine mucoadhesive strength properties. 
The results of this study appear in Fig. 6C. The findings were compared 
to the optimized formula (F3a-F3e) after HPMC addition in various 
concentrations, and HPMC had a significant effect on the mucoadhesive 
properties of the gel formulations (p < 0.05) Fig. 6D. Furthermore, the 
thermoresponsive gel without a mucoadhesive agent showed the lowest 
mucoadhesive value compared to the optimized gel formulation. The 
results of the study on bio adhesion done by Notario et al. were 
encouraging. HPMC-only films successfully maintained adhesion to the 
tissue until they were completely eroded. This remained true up until the 
films were thoroughly cleansed. Hydrogen bonding in HPMC was 
responsible for its sticky properties. The same results being found in our 
formulation were an expected conclusion (Notario-Pérez et al., 2017, 
2019). Consider also that Pluronic®, the main polymer in the ther
moresponsive gel, has less mucoadhesive properties when compared to 
Carbopol, HPMC, and several other adhesive materials (Russo & Villa, 
2019). In the absence of HPMC, the hydroxyl contacts between 

Pluronic® F127/F68 and the mucosal layer were not as strong as it was 
when the polymer was coupled with HPMC to form a thermoresponsive 
gel. Therefore, the mucoadhesive qualities of this combination were 
significantly improved. Researchers have found that HPMC, a cellulose 
derivative, has excellent mucoadhesive qualities (Chowhan & Giri, 
2020). As the presentation of HPMC in the optimized formulation 
increased, so did the mucoadhesive strength, as shown by the optimi
zation findings. Many studies, however, have demonstrated that Plur
onic® F127 alone does not provide sufficient mucoadhesion 
(Kurniawansyah et al., 2020). Therefore, the incorporation of additional 
polymers, such as HPMC, is essential for elongating the period of time 
that the dosage form was presented on the surface of the skin. This will, 
as a result, contribute to an increase in the efficacy of preparations that 
were administered via the cutaneous route. 

4.3.3. Viscosity study and rheological properties 
At room temperature, in situ gel preparations take the form of a 

solution; nevertheless, they were able to become a gel substance when 
coming into contact with certain physiological circumstances. This is 
one of the most desirable characteristics of in situ gel preparations. 
When the preparation is being administered, having it in the form of a 
solution will help ensure that the dosage is accurate. As a result, it is 
essential to evaluate the difference in viscosity between the gel in situ 
preparation at the temperature of storage and the temperature that was 
physiologically appropriate for the skin. In this study, the viscosity of an 
optimized recipe for a thermoresponsive gel was measured in three 
different environments, classified into 4◦C as representative at cold 
temperature, 25◦C for room temperature, and 35◦C for body tempera
ture. This is because thermoresponsive gels need to have gel charac
teristics at body temperature to improve localization time, but a free- 
flowing viscosity below body temperature to facilitate its application 
to the skin (Enggi et al., 2021). It is observed that the viscosities of five 
optimized thermoresponsive gel formulas in the body temperature were 
statistically (p < 0.05) different. The higher addition of polymer con
centrations also increases the viscosity of the preparation. In a study 
conducted by Bercea et. al. with a temperature below 25 ◦C, the sample’s 
viscoelastic moduli viscosity was significantly lower but slightly rose
beyond this temperature. This may be due to a rise in temperature- 
induced intermolecular interactions (Bercea et al., 2022). The low vis
cosity of the thermoresponsive formulations at cold and room temper
atures was an essential indicator of their tendency towards the liquid 
form. Viscosity values lower than 30,000 mPa.s at body temperature 
were observed in all formulations, indicating the effective approach of 
our methods (Enggi et al., 2021). These findings were in keeping with 
the optimized formula’s gelation temperature measurement, which 
showed that an increase in HPMC concentration led to gel formation at 
the desired temperatures. This reaffirms the benefits of combining 
Pluronic® F127 and F68 with the inclusion of HPMC for in situ gel 
formulations to achieve the desired viscosity during storage and appli
cation. All tested thermoresponsive gels in body temperature also 
demonstrate pseudoplastic performance. The rheological properties and 
viscosities were depicted in Fig. 7C and Fig. 7F, respectively. 

4.3.4. pH measurement 
Topical drug delivery systems were created for use in the skin’s 

natural pH range (about 6) for optimal efficacy. For example, the drug’s 
solubility in the formulation and the product’s propensity to induce skin 
irritation can be affected by the formulation’s pH. The shifting of the pH 
during the course of a product’s shelf life could also point to a problem 
with stability (Anjali et al., n.d.). The pH values of the optimized for
mulations showed no significant difference (p > 0.05). Since all the 
formulations were in the pH range of 6, for this reason, all of the for
mulations’ pH levels were already within the safe, healthy range for 
human skin, thus no further pH adjustment was necessary (Patel & Patel, 
2012). Results showed optimal physicochemical properties of polox
amer 407 hydrogel which has a biocompatible pH value of 4.6 ± 0.1 
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(Soriano-Ruiz et al., 2020). 

4.3.5. Spreadability 
Spreadability is a key indicator of how convenient a topical dosage 

form will be (Bercea et al., 2022). It is important that gels have adequate 
spreadability and meet the standards for optimal topical administration. 
The spreadability of the semi-solid formulation was measured in terms 
of the average diameter of the spread circle. The larger the diameter, the 
more spreadability will occur. This is because when the scatter diameter 
was larger, more of the surface area will be covered by the gel (Bercea 
et al., 2022). The results showed that spreadability was inversely pro
portional when measured in the physiological temperature of the body, 
considering that F3a and F3b both had a higher spreadability due to the 
properties of still being liquid when the measurement was conducted 
(Patel & Patel, 2012). Values of the spreadability indicated that the gel 
formulations were easily spreadable and showed optimal properties of 
spreadability. 

4.3.6. Extrudability properties 
Gel application and patient satisfaction were both impacted by how 

easily gel can be squeezed out of the tube. If the gel’s consistency is too 
high, it won’t extrude, while if it’s too low, it will flow too quickly out of 

the tube. Therefore, less force would be needed to expel the gel from the 
container and get the desired dosage for administration. This quality 
also includes the gel’s surface spreading capacity under a given shearing 
force (Soriano-Ruiz et al., 2020). All gel formulations were evaluated for 
extrudability and the findings were presented in Fig. 7B. The number of 
drugs extruded from the tube was calculated, as > 90 % extrudability: 
excellent, >80 % extrudability: good, and > 70 % extrudability: fair. 
From the findings, it is shown that formulations of F3a and F3b had good 
extrudability, but the formulations of F3c, F3d, and F3e had only fair 
extrudability. 

4.3.7. In vitro skin Occlusive-Ability evaluation 
Evaluation of the occlusivity of the skin was performed in vitro in 

order to make a prediction about the capability of the formulation to 
preserve the moisture trait of the skin (Malik & Kaur, 2018). 
Fig. 7E depicts the outcomes of the in vitro skin occlusivity test. It was 
discovered that the addition of HPMC at the greatest possible concen
tration during the period of observation was able to produce a sub
stantial rise in the occlusivity values (p < 0.05). A greater occlusivity has 
the ability to boost the skin’s hydration over a period of 48 h, which in 
turn makes it possible for the medicine to penetrate deeper layers of the 
skin by reducing the gaps between corneocytes. (Ammar et al., 2016). 

Fig. 7. Spreadability of optimized formulation (A); Extrudability of CAP-MP’s in thermoresponsive gel (B), Rheological properties (C); pH (D); In vitro skin 
occlusivity in comparison with control (E), Viscosity in three different temperatures (F) (means ± SD, n = 3). 
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Analyzed statistically, there was no significant difference (p > 0.05) in 
occlusivity values between the F3a, F3b, and F3c formulations. 

4.3.8. In vitro hemolytic activity 
In order to investigate the substance’s initial toxicity of CAP-MP’S 

thermoresponsive gel against erythrocytes, a hemolytic activity test was 
performed on Wistar rats (Greco et al., 2020). The results obtained were 
shown in Fig. 6F. It was easy to observe that CAP-MP’s in thermores
ponsive gels had not shown any evidence of significant hemolysis values 
(<5%) in the concentrations that were tested in triplicates. This is 
something that can also be noticed in the serum or plasma which has 
become clearer and more transparent after being treated. Past literature 
states that the hemolysis index should be<5 % in order to meet the 
recommendations (Mir et al., 2020). As long as they fall within this 
range, the chemicals that were examined can be trusted. Therefore, 
based on the results obtained, it clearly indicated that CAP-MP’s ther
moresponsive gels were considered to be safe to use at the observed 
concentration. 

4.3.9. Ex vivo dermatokinetic studies 
The primary purpose of the transformation of CAP-MP’s into a 

thermoresponsive in situ gel preparation was to boost the therapeutic 
efficacy of the treatment after it had been administered. That is why 
determining the dermatokinetic properties of this product was a neces
sity (Permana et al., 2021b). The wound-simulated fluid served as the 
experimental subject for the ex vivo dermatokinetic research of the 
thermoresponsive in situ gel. The experiments carried out allowed a 
comparison to be made between chloramphenicol conventional gel 
preparation and CAP-MP’s in thermoresponsive gel formulation that 
was distributed in the thermoresponsive gel. The experiments served as 
a negative control. Overall, it was found that the thermoresponsive gel 
formulation was able to improve CAP absorption after cutaneous in
jection. This was the conclusion reached by the researchers. 

In Table 7, we see that after receiving either the thermoresponsive 
gel of CAP-MP’s or the control (CAP in gel), the peak concentration 
(Cmax) was observed at 30.3 mg and 4.7 mg, respectively. Both the 
thermoresponsive gel and the control took 6 h to achieve their highest 
concentration (Tmax), with the mean residence time (MRT) being at 
58.8 and 62.6 h, respectively. These three findings show that CAP’s 
dermatokinetic profile can be improved by reducing its particle size to 
that of microparticles and incorporating them into the thermores
ponsive in situ gel formulation. It is true that the ability of the ther
moresponsive gel to lengthen the amount of time a substance spends in 
contact with the skin may be at the root of this improvement. There was 
a statistically significant difference (p < 0.05) between the AUC of the 
drug evaluated in the optimized formulation and the control, with the 
former showing 439.7 mg⋅h and the latter showing 61.0 mgh; this sug
gests that the longer the contact time, the more drug compound was 
deposited into the skin. 

4.3.10. Antibacterial activity in ex vivo infection model 
To conclude, a bacterial activity study was performed on the skin of 

rats that had been infected with S. aureus in order to demonstrate that 
this preparation has the potential to be a therapeutic candidate for 
treating bacterial infections that occur in the skin. The antibacterial 
activity observations that were performed after 24 h demonstrated that 
the addition of CAP-MP’S into the thermoresponsive in situ gel 

increased the antibacterial activity. These observations were carried out 
after the gel had been in place for 24 h. The evidence for this can be seen 
in Fig. 8A. After 24 h of incubation, the reduction of bacterial growth 
was unaffected by the delivery of a blank gel (without CAP). At the same 
time, the application of thermoresponsive in situ gel containing CAP- 
MP’s showed remarkable results, with a percentage eradication of 99.95 
% within the bacterial population after just 24 h. The results of this 
investigation suggest that optimizing the formulation of a thermores
ponsive in situ gel that incorporates CAP-MP’s may improve the drug’s 
transport and localization in the skin, resulting in increased antibacterial 
activity. We created three distinct gels for this investigation. Improved 
delivery profiles were observed after a mucoadhesive compound was 
added to thermoresponsive gels to boost their bioadhesiveness. In 
addition, the formulation was in a liquid form that would dry into a gel 
once applied to the skin, making it easy to administer and meeting a key 
requirement for patient satisfaction. 

Additionally, the improved dermatokinetic profile and increased 
antibacterial activity of the medication were due to the combination of 
whey protein as a carrier for CAP microparticles and a thermoresponsive 
gel system. Unlike the standard therapy for skin infections caused 
by Staphylococcus aureus, which uses the same antimicrobial agent but 
was taken orally, this unique product clearly contains distinct charac
teristics that will aid in the development of treatment for these in
fections. This work highlights the need for additional in vivo research on 
the pharmacokinetic characteristics of CAP-MP’s following topical 
application. It was crucial to compare the CAP-MP’s pharmacokinetic 
profiles using this method to those obtained via injection or oral 
administration, the two primary modes of administration currently in 
use. Furthermore, human acceptability and usability testing was 
required before any clinical implementation. 

5. Conclusion 

The experimental findings show that the formulation of CAP into 
microparticles (MP’s) administered via a thermoresponsive in situ gel 
system was superior to conventional CAP use. The drug’s solubility was 
improved, and its residence time in the skin was lengthened by incor
porating CAP into the MP’s. This proves that this preparation can be a 
good candidate for the treatment of bacterial infection caused by Sta
phylococcus aureus. Moving forward, in vivo studies with a suitable 
animal model were highly recommended to investigate the pharmaco
kinetics profiles and to test the efficacy of this therapy in greater depth 
in an effort to develop better treatments for Staphylococcus aureus in 
skin bacterial infection. 
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Table 7 
Dermatokinetics parameter of CAP-MP’s in wound simulated fluid on infected rat skin (means ± SD, n = 3).  

Media Formulation Cmax (μg/ml) Tmax (h) T ½ (h) AUC (μg/ml*h) MRT (h) 

Wound Simulated Fluid CAP-only in conventional Gel 4.78 ± 0.42 6 ± 0.8  40.55 ± 17.48  61.00 ± 5.56  62.68 ± 24.85  

CAP-MP’s in Thermoresponsive gel 30.3 ± 1.66  6 ± 0 39.2 ± 18.5  439.7 ± 35.72  58.83 ± 26.55   
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