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Validation of spectrophotometric method to quantify chloramphenicol in 
fluid and rat skin tissue mimicking infection environment: Application to in 
vitro release and ex vivo dermatokinetic studies from dissolving microneedle 
loaded microparticle sensitive bacteria 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• A spectrophotometric method to quan
tify chloramphenicol (CHL) was 
developed. 

• The analytical method was validated 
according to ICH guidelines. 

• Formulation of dissolving microneedle 
(DMN) loaded microparticles CHL was 
developed. 

• Validated method was applied in in 
vitro release study of microparticles 
CHL. 

• The validated method was applied in ex 
vivo dermatokinetic study of DMN.  
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A B S T R A C T   

Cellulitis is a common dermis/subcutaneous tissue skin infection and shared global disease burden, with a higher 
incidence for males and people aged 45–64 years. Application therapy of chloramphenicol (CHL) has been 
hindered because of its toxicity and limited penetration into the skin. In this research, CHL was developed into a 
bacterially sensitive microparticles which were further incorporated into a microneedle system to increase 
penetration. To support this formulation, in this study, UV–vis spectrophotometry method was validated in 
methanol, polyvinyl alcohol (PVA) 1%, phosphate buffered saline (PBS), tryptic soy broth (TSB) (fluid-mimicking 
infection), and skin tissue to quantify amount of CHL. The developed analytical method was subsequently 
validated according to ICH guidelines. The results obtained showed that the correlation coefficients were linear 
≥0.9934. The values of LLOQ inside the methanol, PVA 1%, PBS, TSB, and skin tissue were 7.20 µg/mL, 4.40 µg/ 
mL, 8.18 µg/mL, 387.48 µg/mL, and 7.27 µg/mL, respectively. The accuracy and precision of the developed 
method were prominent. These methods were successfully applied to quantify the amount of CHL in micro
particle and microneedle system in fluid and tissue skin infection. The result showed the high drug release 
microparticle sensitive bacteria, and high drug retention in ex vivo dermatokinetic evaluation in rat skin tissue 
containing bacterial infection. This was due to the presence of Staphylococcus aureus bacteria culture that 
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produced lipase enzymes, playing a role in lysing microparticle matrix to develop selectively delivery antimi
crobials. A further analytical method needs to be matured to quantify CHL inside the in vivo studies.   

1. Introduction 

Cellulitis is a type of soft infection in the dermis / subcutaneous 
tissue characterized by warmth, erythema, and pain due to the response 
of cytokines and neutrophils from bacteria that penetrate the epidermis 
[1,2]. Cellulitis is a shared global disease burden. Its incidence rate is 
24.6/1000 person-years, and it is more common in men and people 
between the ages of 45 and 64. [3]. The location of the infection in the 
cutaneous tissue with no visible wound in the epidermis of the skin has 
been often ignored as ordinary inflammation. These symptoms are also 
typical in other inflammatory skin conditions, making identification of 
wound-related cellulitis difficult, while bacterial culture is quickly 
developing. [4]. It is possible to enhance the degree of chronic wounds 
that were difficult to heal and required treatment management 
extension. 

The microorganisms most commonly associated with cellulitis 
infection are Staphylococci and -hemolytic streptococci bacteria group 
[5,6]. Multibacterial colonization with different strains of human skin 
tissue has been widely reported [7]. This is associated with the inter
action of bacteria with different strains that can synergize the severity of 
the disease [8]. Accordingly, broad-spectrum antibiotics are considered 
in the selection of therapy.Chloramphenicol (CHL) as broad antibiotic is 
active against gram- positive, gram-negative bacteria and anaerobic 
microorganisms [9,10]. Oral administration of CHL produces systemic 
effects and has been associated with significant side effects, hemato
logical disorders (aplastic anemia), spinal cord suppression, and avail
ability of inadequate drug concentrations in specific infectious tissues 
[11]. Therefore, it requires a long time for treatment. To overcome these 
shortcomings, CHL could be designed in dermal preparations to reduce 
systemic exposure and increase drug concentrations to adequate target 
tissues of interest. 

During the last decade, dermal delivery systems have been developed 
by designing drugs into microparticles/nanoparticles [12]. Microparti
cles are preferred to local infection targets with a longer drug retention 
rate in skin tissue than nanoparticles [13,14]. The system can be 
designed to adapt release of the drug to the specific infected area 
[15,16]. The tissue’s properties result in lower pH, greater temperature, 
surface proteins, and increased production of bacterial toxins, which 
function as a trigger for infection responsive delivery. [17]. 

Enzymes are considered promising since, under mild conditions, the 
enzymatic reactions are more efficient and accurate. Moreover, they are 
also necessary for the bacterial metabolic and pathological processes 
[18]. The chemical synthesis of bacterial lipase-sensitive PCL for specific 
delivery of antimicrobials was recently reported [19]. It has been re
ported, that SA may release a particular enzyme called lipolytic esterase 
(Lipase), this enzyme can initiate the biocatalytic hydrolysis of PCL [19]. 
Thus, lipase production at infection sites may be utilized to deliver and 
prove a practical, safe treatment approach selectively. This principle led 
to the development of delivery systems that selectively deliver drugs to 
specific sites of infection and reduce toxicity which is minimal when 
administered dermally. 

Due to its hydrophobic chemical composition, which prevents 
effective cutaneous penetration, CHL is not useful for topical treatment 
of skin infections. Additionally, because human skin is thicker, it creates 
an impenetrable barrier that prevents the transdermal delivery of hy
drophobic drugs. Dissolving microneedles (DMN) have the ability to 
penetrate biofilms and necrotic tissue in diseased skin by-passing the 
primary skin barrier [20] and may dissolve larger needles that are 
embedded in the skin. Importantly, the administration of DMN has the 
benefits of localized, painless, quick delivery, and patient compliance 
[21]. Given the potential advantages of this strategy, adding 

microparticles (MPs) chloramphenicol to DMNs may enhance the 
quantity of CHL that penetrate biofilm and necrotic tissue on diseased 
skin, which may help the treatment of burns and chronic wounds. 

A fundamental part of developing new drug delivery systems is 
detecting and quantifying the drug, and therefore, it is crucial to develop 
an appropriate analytical method. In this research, the determination of 
drug content and the amount of drug release concentration from the in 
vitro method are critical assessments while developing a bacterial- 
responsive microparticle system. In vitro studies are the first phase of 
evaluating drug release profiles using relevant release media. 

In measuring CHL in various matrices, numerous systematic methods 
have been developed until now. This includes both reseacrh articles 
HPLC-UV [22] and HPLC-MS/MS [23]. However, the reported method 
are unsuitable for a limited budget and time. It also requires sophisti
cated equipment, making it a challenge to implement this in countries/ 
laboratories with middle to low-income [24]. In contrast, the promise of 
UV–vis spectrophotometers utilized in detecting and quantifying CHL is 
due to their simplicity and cost-effectiveness. This study developed a 
CHL quantification method in artificial infection media and artificial 
skin fluids. There have been reports from some previous studies that the 
ability of UV–vis spectrophotometers to quantify various types of drugs 
[24–26]. It was crucial to validate the method used to ensure that the 
development of analytical procedures is reliable, comparable, and 
traceable. 

This study aimed to develop and validate a method for analyzing 
CHL in fluid and rat skin tissue mimicking infection environment where 
the UV–vis spectrophotometer was utilized. The next step was to vali
date the method in accordance with the guidelines of international 
conference harmonization (ICH). The evaluated parameters were line
arity, accuracy, precision, the limit of detection (LOD), and the limit of 
quantification (LOQ). Finally, the validated approach was used to 
determine the drug concentration CHL in the MPs system, the drug 
release profile in vitro, and ex vivo dermatokinetic investigations from 
DMN loaded MPs sensitive bacteria. 

2. Materials and methods 

2.1. Material 

Chloramphenicol (CHL) was purchased from Merck (Darmstadt, 
Germany). Polycaprolactone (PCL), polyvinyl alcohol (PVA), polyvinyl 
pyrrolidone (PVP), sodium chloride, tryptic soy broth (TSB), potassium 
chloride, disodium phosphate, and potassium dihydrogen phosphate, 
were obtained from Sigma-Aldrich (Singapore). All other reagents used 
were analytical grade. 

2.2. Preparation of CHL stock solution 

The stock solution of CHL was prepared in 2 concentrations, where 
10 mg and 20 mg CHL were weighed into a 10 mL volumetric flask. After 
that, to dissolve the CHL, methanol was added to the solutions with 
concentrations of 1000 µg/mL and 2000 µg/mL were obtained, 
respectively. 

2.3. Measurement of the maximum UV absorption wavelength, testing 
standard, and quality control specimen preparation. 

UV–vis spectrophotometer (Dynamica, HELLO XB-10) was employed 
to determine the maximum wavelength absorbance. The CHL solution 
was prepared in concentration of 10 µg/mL in methanol, PVA 1%, PBS 
media, and 750 µg/mL in TSB media. The solution was scanned at room 
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temperature at a 200–400 nm wavelength. Subsequently, six concen
trations ranging from 2.5 µg/mL to 40 µg/mL on methanol, PBS, PVA 
1%, skin tissue and 125 µg/mL–1250 µg/mL on TSB media were pre
pared as calibration solutions. 

Moreover, in an attempt to ensure the samples meet the expected 
criteria, each solvent was used as quality control (QC) samples at four 
quality levels, which are lower limit of quantification (LLOQ), low 
quality control (LQC), medium quality control (MQC), and high quality 
control (HQC). All parameters were measured and prepared in 3 
replications. 

2.4. Sample preparation and CHL extraction from skin samples 

To prevent any interferences with the measurement, the skin tissue 
sample was prepared by precipitating the proteins and other molecules 
present in the organ. Methanol and acetonitrile were used to carry out 
the CHL extraction procedure. As stated in Table 1, different amounts of 
acetonitrile and methanol were employed to extract the drug. In the 
beginning, 1 g of the CHL spiked with matrices was combined with the 
extraction solvent. The mixture was then centrifuged at 14000 rpm for 
15 min after being homogenized for 10 min using a vortex mixer. The 
obtained supernatant was then left at room temperature to allow the 
organic solvent to evaporate. The dried extract was then reconstituted 
with 1 mL of methanol, homogenized, and centrifuged as before. The 
resulting supernatant was then evaluated using UV–vis 
spectrophotometry. 

2.5. Preparation of chloramphenicol sensitive bacterial microparticles 
(MPs CHL-PCL) and microneedle loaded MPs CHL-PCL 

MPs CHL-PCL were prepared by a solvent evaporation method using 
polycaprolactone (PCL) as polymer and polyvinyl alcohol (PVA) as 
surfactant. Chloroform and methanol were used as solvents for the 
organic phase. Briefly, PCL was dissolved in 7 mL of chloroform, and 
CHL was dissolved in 3 mL of methanol, then mixed until homogeneous. 
The aqueous phase was prepared using PVA 3% solution (see Table 2). 
The organic phase was added to the aqueous phase and mixed using a 
mechanical homogenizer at 500 rpm for 5 min. The emulsion system 
obtained was kept for 5 h under a magnetic stirrer to ensure the organic 
phase evaporated completely. The formed MPs were then collected by 
centrifugation and washed with distilled water three times, separated 
and stored in a desiccator until dry. 

The dissolving microneedle (DMN) preparations were created. In this 
investigation, a silicone mold and the centrifugation process were 
applied. The mold used possessed several parameters, including a den
sity of 10x10, pyramidal needles with a height of 700 µm, a base width 

of 200 µm, and an interspacing of 200 µm. Each formulation (F1 and F2) 
contained 1 g of the formula, which contains MPs CHL-PCL 30%, PVP K- 
30 25%, PVA 10%, and Aquadest 35%. MPs CHL-PCL was combined 
with the polymer mixture to create the DMN that hold the active 
ingredient. They were then subjected to sonication until a clean, bubble- 
free dispersion was achieved. The polymer-drug combination was then 
put on the mold and centrifuged (LC-04S Centrifuge, Zenith Lab 
(Jiangsu) Co., LTD.) for 30 min at 3500 rpm. When the centrifugation 
process was completed, the excess polymer mixture at the top of the 
mold was removed and replaced with a fresh polymer mixture. The MN 
were then dried for 1 day at room temperature and 1 day at 37 ◦C 
without being removed from the mold [27]. 

2.6. Validation of analytical methods 

2.6.1. Specificity 
The comparison of the UV wavelength spectrum of CHL standard 

solutions in various solvent media is used as an indicator for the speci
ficity parameter. The assessed parameter was used to identify the pos
sibility of interference among the analyte and the response of an 
alternative synthesis at the appropriate wavelength. 

2.6.2. Linearity calibration curve 
Parameters of the linear measurement of each medium were assessed 

with six standard solutions focusing on the appropriate wavelength 
spectrum. The results were projected in a calibration curve consisting of 
six concentrations with the obtained absorbance results. Parameters of 
determination coefficient (r2), slope, and y-intercept were then obtained 
and analyzed [28]. 

2.6.3. Limit of detection (LOD) 
The parameter represents the minimum analyte concentration that 

can be measured with a sample [29]. LOD was determined using the 
equation. (1) below, that the blank ideal divergence (without specimen) 
was symbolled by “sy”, and the slope applied through the calibration 
curve regression equation was symbolled by “b”. 

LOD =
3.3sy

b
(1)  

2.6.4. Lower limit of quantification (LLOQ) 
A minimum sample absorption that can be precisely calculated with 

satisfying precision and accuracy is called the parameter of LLOQ [28]. 
LLOQ is determined using the equation. (2) below, that the blank ideal 
divergence (without specimen) was symbolled by “sy”, and the slope 
applied through the calibration curve regression equation was sym
bolled by “b”. [30]. 

LLOQ =
10sy

b
(2)  

2.6.5. Accuracy and precision 
The precision and the accuracy of parameters specify the propinquity 

to the reference value and the degree of a series of measurements 
applied from several tests in the scientific method. These variables were 
assessed by measuring the inter-day and intra-day QC samples, which 
are HQC, QMC, LQC, and LLOQ. Percent relative error (%RE) and 
relative standard deviation (%RSD) were determined to express a 
quality that is accurate along with precise [31]. 

2.6.6. Extraction recovery 
The absolute extraction recovery determination was calculated by 

comparing the response value of CHL in quality control samples (LLOQ, 
LQC, MQC, and HQC) from skin tissue to those obtained for freshly 
prepared solutions of the concentrations of the same samples (LLOQ, 
LQC, MQC, and HQC) [29]. 

Table 1 
Quantity of organic solvent required to extract CHL from skin tissue samples.  

Organic Solvent Methods Volume (mL)   

Methanol  

A 1 
B 3 
C 5 
D 7   

Acetonitrile  

A 1 
B 3 
C 5 
D 7  

Table 2 
Composition of formulations MPs loaded with CHL.  

Composition F1 F2 

PCL (mg/7 mL chloroform) 35 70 
CHL (mg/3 mL methanol) 35 35 

PVA 3% (mL) 25 25  
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2.7. Application of analytical methods 

2.7.1. Size estimation calculation and particle size distribution 
Particle size was calculated using a microscopic method using an 

optical microscope equipped with a digital camera for as many as 300 
particles. To see the shape and surface of the CHL MPs produced. 
Analysis of the particle size distribution by looking at the polydispersity 
index (PDI) value using the equation. 

PDI =
(

Standard deviation
mean particles diameter

)2

(3)  

2.7.2. Calculation of % encapsulation and drug loading efficiency 
The MPs suspension was centrifuged, the supernatant was taken, and 

then analyzed using a UV–vis spectrophotometer at a maximum wave
length of 274.8 nm. The calculation of % encapsulation efficiency (EE) 
and % drug loading (DL) follows the following equation: 

%DL =
Amount of Encapsulated Drug

Total Weight
100 (4)  

%EE =
Drug Total − Drug Free

Drug Total
x100 (5)  

2.7.3. Drug content measurement of DMN loaded CHL-PCL 
The needles in the DMN are taken out by scraping the needle, then 

the needles are dissolved in water. After that, the solution was then 
centrifuged at 5000 rpm for 10 min. The precipitated MPs were then 
dissolved with an organic solvent (methanol: chloroform) to remove the 
polymer matrix. The samples were then analyzed using a UV–vis spec
trophotometer to measure drug content. 

2.7.4. In vitro release study of microparticle sensitive bacteria in bacterial 
culture 

The In vitro release study of MPs was conducted to evaluate the 
sensitivity of bacteria to polymers by designing MPs on media contain
ing the presence or absence of bacteria. In bacterial culture media, MPs 
dispersed in 20 mL of bacterial culture (equivalent to 0.5 Mc Farland) 
were placed in an orbital stirrer at 100 rpm, temperature 37 ± 1 ◦C. 
Samples (500 µL volume) were then taken at predetermined time points 
(0,5, 2, 4, 6, 8, 12, and 24 h). The sample was then centrifuged at 10,000 
rpm for 15 min, and the concentration was calculated with a UV–vis 
spectrophotometer. 

2.7.5. Ex vivo dermatokinetic studies on infection skin rat model of 
microneedle preparation 

2.7.5.1. Preparation of ex vivo model of infection on rat skin. Prior to the 

Table 3 
Mean extraction recovery of CHL of each method with methanol and acetonitrile 
from skin tissue (n = 3).  

Organic 
Solvent 

Methods Volume 
(mL) 

%Extraction Recovery ±
SD 

% 
RSD   

Methanol  

A 1 18.52 ± 1.90 10.26 
B 3 41.78 ± 1,24 2.97 
C 5 91.54 ± 2.67 2.91 
D 7 94.77 ± 0.96 1.01   

Acetonitrile  

A 1 12.18 ± 0.82 6.72 
B 3 12.45 ± 3.11 24.96 
C 5 39.92 ± 1.90 4.74 
D 7 62.38 ± 3.27 5.24  

Fig. 1. Representative UV spectra of CHL and several blank in Methanol (A), PVA (B), PBS (C), TSB (D).  
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experiment, Wistar rat abdominal skins were shaved and adjusted in PBS 
(pH 7.4). The rat skins were cleaned in ethanol at a 70 percent con
centration for one hour. The ethanol in the skins was evaporated before 
use by placing them in a biosafety cabinet for 20 min. Briefly, a biopsy 
punch was used to make a wound in the skin’s surface (Stiefel, Mid
dlesex, UK). Then, with a few minor adjustments, the earlier published 
protocols were used to create ex vivo models of biofilm on rat skin [32]. 
After that, 50 μL of the diluted SA bacterial suspensions (2 × 105 CFU/ 
mL) were dripped to the wound of the skin and distributed evenly after 
the skins were mounted on TSA plates. The skins were transferred to 
fresh TSA plates every day for five days while the plates were incubated 

at 37 ◦C to facilitate the growth of the biofilm on the injured skin. 

2.7.5.2. Ex vivo dermatokinetic studies. The ex vivo dermatokinetic 
studies were also evaluated Using the procedure outlined [20,32] with 
slight modification. Ex vivo dermatokinetic experiments of DMN con
taining MPs CHL-PCL were conducted in normal skin and ex vivo 
infection model in rat skins. The skins that had previously been fastened 
to the donor compartment of the Franz diffusion cells were manually 
placed for 30 s. The receiver compartment, which contained PBS, was 
further connected to the donor compartment (pH 7.4). Afterwards, 5 g of 
stainless-steel mass was used on top of the DMN to prevent movement 
during the trial. The experiment was conducted at 600 rpm and 37 ±
1 ◦C. The DMN were separated from the skins in order to assess the 
concentration of CHL in the skins at various specified time intervals. The 
skins were cleaned three times, put into glass vials, and given 2.5 mL of 
water. The mixtures were centrifuged at 3000 rpm for 15 min after being 
vortexed for 30 min. UV–vis spectrophotometer was used to measure the 
CHL content in the supernatant. PKSolver (China Pharmaceutical Uni
versity, Nanjing, China) was used to construct the dermatokinetic pro
files [34]. 

Fig. 2. Spectrum of CHL standard solutions in of Methanol (A), PVA (B), PBS (C), TSB (D), Skin Tissue (E).  

Table 4 
Calibration curve properties for CHL analysis with the quality of LOD and LLOQ.  

Media Concentration Range 
(µg/mL) 

r2 LOD. 
(µg/mL) 

LLOQ. 
(µg/mL) 

MeOH 2.5–40 0.9981 2.37 7.20 
PVA 1% 2.5–40 0.9993 1.45 4.40 

PBS 2.5–40 0.9975 2.70 8.18 
TSB 125–1250 0.9934 127.87 387.48 

Skin Tissue 2.5–40 0,9981 2.40 7.27  
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2.8. Statistical analysis 

All results were reported as means ± standard deviation (SD). The 
mean, SD, linear regression analysis, %RSD and %CV of each sample in 
the validation method were processed using Microsoft® Excel 2016 
(Microsoft Corporation, Redmond, Washington, USA). GraphPad 
Prism® version 6 (GraphPad Software, San Diego, California, USA) was 
utilised to statistically analyse the results where a p-value < 0.05 
denoted a significant difference. 

3. Results and discussion 

3.1. Selection of sample preparation method and drug extraction 

In this study, methanol and acetonitrile, two organic solvents, were 

used to extract CHL from skin tissue. Table 3. displays the outcomes of 
every extraction technique. The findings demonstrated that the extrac
tion efficiency might be increased by using more solvent during the 
extraction procedure. Methanol offered a greater extraction recovery 
than acetonitrile, it was also discovered. The findings indicated that 
techniques C and D had the greatest extraction recovery percentages for 
extracting CHL from methanol, with respective values of 91.54 ± 2.67 
percent and 94.77 ± 0.96 percent. Furthermore, both of these ap
proaches were not a significantly difference (p > 0.05). Because it 
required the least quantity of solvent while still providing the best 
extraction recovery, method C (5 mL methanol) was selected as the best 
extraction technique for this investigation. 

Fig. 3. Calibration Curves CHL-Methanol (A), CHL-PVA (B), CHL-PBS (C), CHL –TSB (D), CHL-Skin Tissue (E).  
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3.2. Selectivity of UV–Vis spectrophotometric method 

In order to prevent interferences between CHL and other chemicals 
contained in microparticle, microneedle, and vaginal tissue during the 
examination utilizing UV–vis spectrophotometry, a specificity test was 
conducted [29,33]. As was already noted, the content of CHL in the 
formulation was determined using the analytical technique in methanol. 
Additionally, the analytical method’s development in PBS, PVA, and 
TSB was done in order to calculate the CHL in vitro, while skin tissue 
sample was used to calculate the CHL in ex vivo studies. Fig. 1 shows 
representative UV spectra of CHL and several blank in various media. 

Based on the analysis results, in all media, the measurement of the 
blank spectra of MPs, DMN, and skin tissue, there was no peak that 
appeared at the wavelength of CHL in each medium. These findings 
showed that the inclusion of additional MPs, DMN, and tissue skin in
gredients did not cause any interference [30]. 

After measurements were made, there was a shift in the optimum 
absorption, but it was still in the optimum absorption area of CHL in the 
medium methanol, PBS, and PVA 1%. There was a shift in the absorption 
of a longer wavelength in TSB media. These results are also consistent 
with those of Tseplin et al. who found that the particular impact of the 
polar solvent, which presents itself here as a bathochromic shift of one of 
the π–π* bands, is generated by the creation of hydrogen bonds between 
solvent molecules and the molecule as a result, by a decrease in the 
energy gap between the corresponding occupied (π) and empty (π*) 
molecular orbitals [35]. Based on the results obtained, the method 
developed in this study was specific at the appropriate wavelength. 

3.3. Linearity, LOD, and LLOQ 

In assessing the linearity parameters and determining the rates of 

LOD and LLOQ from the scientific form, the measurement graph was 
produced by calculating the CHL standard solution concentration of 
each medium (methanol, PBS, PVA 1%, and TSB) utilizing the advanced 
UV–vis spectrophotometry. The spectra of standard solutions across 
various media are depicted in Fig. 2. Linearity, LOD, and LLOQ settings 
of the CHL can be seen in Table 4 and Fig. 3. 

Based on the data in Table 6, Each calibration curve comprised six 
concentration levels: 2.5, 5, 10, 20, 30, 40 µg/mL in MeOH, PVA 1%, 
PBS, and skin tissue media. While the TSB media obtained six concen
trations of calibration curves, namely, 125, 250, 500, 750, 1000, and 
1250. Since there was no concentration data in the matrix or a similar 
reference to find out about CHL levels, the concentration points in the 
calibration curve were used in the calculation. 

The slopes and their coefficient of variation as the parameter for 
analyzing linear equations were determined because they were the most 
prominent indicator of the sensitivity of analytical methods and their 
quantification capabilities. Linear relationships were obtained between 
absorbance and concentration in 2.5–40 µg/mL for CHL-MeOH, CHL- 
PVA 1%, CHL-PBS, CHL-Skin Tissue and 125–1250 µg/mL for CHL-TSB. 
The value of the determination coefficient (r2) of the four CHL regression 
equations on Methanol, PVA 1%, PBS, skin tissue, and TSB were 0.9981, 
0.9993, 0.9975, 0,9981 and 0.9934, respectively. It was shown from the 
results that the calibration curves determination coefficients (r2) were 
more than 0.99, and their variation coefficients were less than 25%. 
Hence, it can be concluded that we satisfied the acceptance criteria, and 
a high sensitivity was achieved in the four-study media. Therefore, a 
range of 2.5–40 µg/mL values for CHL-MeOH, CHL-PVA 1%, CHL-PBS, 
and 125–1250 µg/mL for CHL-TSB can be used for LOD and LLOQ cal
culations. Quality LOD and LLOQ of CHL inside the methanol were 2.37 
and 7.20 µg/mL, on PVA 1% were 1.45 and 4.40 µg/mL, on PBS 2.70 and 
8.18, on skin tissue 2.40 and 7.27, and on TSB medium were 127.87 and 

Table 5 
The Results of evaluation of precision and accuracy of CHL analysis in PVA 1% 
(mean ± SD, n = 3).  

Interday Precision and Accuracy 

Replication Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 4.40 4.29 ± 0.070 1.63 2.53 
7.5 7.36 ± 0.05 0.72 1.75 
30 30.28 ± 0.12 0.39 0.96 
15 14.52 ± 0.069 0.48 3.17 

2 4.40 4.16 ± 0.11 2.66 5.37 
7.5 7.44 ± 0.07 1.01 0.76 
30 30.09 ± 0.14 0.48 0.3 
15 14.43 ± 0.07 0.48 3.78 

3 4.40 4.43 ± 0.09 2.16 − 0.59 
7.5 7.67 ± 0.04 0.59 − 2.32 
30 30.77 ± 0.07 0.23 2.59 
15 14.79 ± 0.16 1.08 1.34  

Intraday Precision and Accuracy 

Day Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 4.40 3.77 ± 0.046 1.21 14.32 
7.5 6.89 ± 0.05 0.72 8.11 
30 30.08 ± 0.09 0.31 0.29 
15 13.49 ± 0.09 0.67 10 

2 4.40 3.85 ± 0.02 0.67 12.59 
7.5 7.32 ± 0.09 1.30 2.36 
30 29.92 ± 0.09 0.30 − 0.26 
15 13.43 ± 0.14 1.06 10.42 

3 4.40 3.91 ± 0.04 1.17 11.21 
7.5 7.36 ± 0.14 1.90 1.76 
30 30.28 ± 0.09 0.30 0.96 
15 13.74 ± 0.07 0.51 8.37  

Table 6 
The Results of evaluation of precision and accuracy of CHL analysis in MeOH 
(mean ± SD, n = 3).  

Interday Precision and Accuracy 

Replication Concentration 
gained (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 7.2 7.30 ± 0.11 1.51 − 1.48 
10 10.73 ± 0.08 0.79 − 7.36 
30 32.55 ± 0.11 0.34 8.51 
20 22.18 ± 0.08 0.39 − 10.93 

2 7.2 7.35 ± 0.10 1.43 − 2.08 
10 10.86 ± 0.08 0.78 − 8.63 
30 32.76 ± 0.11 0.34 9.21 
20 22.27 ± 0.09 0.41 − 11.36 

3 7.2 7.40 ± 0.14 2.02 − 2.87 
10 10.79 ± 0.13 1.22 − 7.93 
30 32.27 ± 0.23 0.71 7.57 
20 22.23 ± 0.12 0.57 − 11.15  

Intraday Precision and Accuracy 

Day Concentration 
gained (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 7.2 7.87 ± 0.13 1.65 − 9.30 
10 10.61 ± 0.15 1.45 − 6.1 
30 31.14 ± 0.10 0.32 3.82 
20 21.41 ± 0.14 0.69 − 7.06 

2 7.2 8.03 ± 0.12 1.55 − 11.62 
10 10.75 ± 0.10 0.98 − 7.5 
30 31.28 ± 0.30 0.97 4.27 
20 21.66 ± 0.26 1.22 − 8.31 

3 7.2 8.16 ± 0.04 0.55 − 13.37 
10 10.86 ± 0.12 1.15 − 8.66 
30 31.2 ± 0.17 0.54 4 
20 21.48 ± 0.10 0.49 − 7.41  
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387.48 µg/mL. 

3.4. Accuracy and precision 

Determination of accuracy in intra-day and inter-day amounts using 
the advanced method exhibited accurate values for PVA 1% (Table 5), 
methanol (Table 6), PBS (Table 7), TSB (Table 8), skin tissue (Table 9). 
The measurement of ratio error values is under 15%, which complied the 
preconditions of the ICH guidelines. Intra-day and inter-day precision 
were also examined to be adequate. Intra-day and inter-day precision for 
all solvents determined %RSD values ranging from 0.23% − 13.61% and 
0.3% − 3.38% which obeyed the limits of the ICH guidelines (15%) 
[36]. Thus, the method developed using UV–vis spectrophotometry to 
determine CHL was found to be accurate and precise. 

3.5. Extraction recovery 

The quantities of lower limit of quantification (LLOQ), low quality 
control (LQC), medium quality control (MQC), and high quality control 
(HQC) extracted from skin tissue were compared to the concentrations 
obtained by testing samples at the same concentrations to determine the 
extraction recovery from the technique utilized in this investigation. 
Table 10 shows the outcomes of the typical extraction recovery. The 
FDA bioanalytical guideline recommendations emphasize the impor
tance of accuracy, consistency, and reproducibility of recovery, 
acknowledging that the analyte recovery in bioanalytical methods does 
not need to be 100%. Additionally, %RSD of the mean extraction re
coveries throughout all QC levels was ≤ 15%, indicating the good ac
curacy, consistency, and reproducibility of the extraction process. As a 
result, this approach is reliable to measure CHL in rat skin tissue media. 

3.6. Application of the analytical method 

3.6.1. The properties of analysis and In- vitro release studies of 
microparticle sensitive bacteria 

A UV–vis spectrophotometric method form that has been thoroughly 
validated was then applied to confirm the quantity of CHL in the 
microparticle system. The characteristics of the microparticles can be 
seen in Table 11, and the MPs release profile can be seen in Fig. 5. 

The results showed that an analysis from CHL-carried MPs detected 
by SEM will be visualized in Fig. 4. As shown in SEM images, all for
mulations were approximately spherical. Notably, the sizes discovered 
in this study were closely correlated with the findings from SEM analysis 
and were found to be 0.59 ± 0.02 µm and 1.29 ± 0.09 µm for F1 and F2, 
respectively. It was found that the particle size of F1 were significantly 
smaller (p < 0.05) compared to F2. It has been postulated that increase 
in the amount of polymer will increase the particle size due to a rise in 
the polymer’s viscosity, which causes the creation of bigger emulsion 
droplets and subsequently larger sizes of the microparticle [3738]. For 
PDI values, it was found that the values were in the range of 0.117 ±
0.01 and 0.121 ± 0.01, demonstrating the generally homogeneous and 
monodispersed profile of these MPs [39]. 

Regarding the EE, it was found that the EE of MPs F1 were not 
significantly different (p > 0.05) compared to MPs F2. These results 
propose that there can be a relatively high amount of CHL that might be 
entrapped in the PCL MPs. The lower EE may be due to the higher hy
drophobicity nature of PCL than CHL. Percentage EE will depend a lot on 
the polymer type and polymer drug affinity [40]. Therefore, the 
encapsulation of CHL were low in this polymer. The percentage of 
encapsulation efficiency in F1 and F2 were 40.94 ± 2.88% and 39.61 ±
3.23, respectively. In terms of DL, the values F1 and F2 were 20.47 ±
1.44 and 13.20 ± 1.07, respectively. Based on the results obtained, the 

Table 7 
The Results of evaluation of precision and accuracy of CHL analysis in PBS 
(mean ± SD, n = 3).  

Interday Precision and Accuracy 

Replication Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 8.27 8.62 ± 1.17 13.61 − 4.23 
12.5 14.02 ± 0.06 0.43 − 12.21 
30 31.43 ± 0.13 0.42 4.78 
20 21.96 ± 0.14 0.66 − 9.8 

2 8.27 8.05 ± 0.15 1.91 2.66 
12.5 13.86 ± 0.36 2.60 − 10.88 
30 30.51 ± 0.74 2.42 1.71 
20 21.65 ± 0.60 2.77 − 8.25 

3 8.27 7.98 ± 0.16 2.09 3.50 
12.5 13.77 ± 0.45 3.28 − 10.18 
30 30.93 ± 0.73 2.38 3.11 
20 21.66 ± 0.82 3.81 − 8.31  

Intraday Precision and Accuracy 

Day Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 8.27 7.82 ± 0.15 1.92 5.36 
12.5 13.48 ± 0.34 2.58 − 7.84 
30 30.85 ± 0.67 2.18 2.83 
20 21.38 ± 0.12 0.58 − 6.91 

2 8.27 8.19 ± 0.08 1.08 0.96 
12.5 13.61 ± 0.11 0.81 − 8.93 
30 31.2 ± 0.12 0.38 4 
20 21.39 ± 0.06 0.31 − 6.98 

3 8.27 8.06 ± 0.17 2.12 2.49 
12.5 13.57 ± 0.26 1.95 − 8.61 
30 31.27 ± 0.12 0.38 4.23 
20 20.87 ± 0.40 1.94 − 4.38  

Table 8 
The Results of evaluation of precision and accuracy of CHL analysis in TSB 
(mean ± SD, n = 3).  

Interday Precision and Accuracy 

Replication Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 388 397.66 ± 15.06 3.78 − 2.49 
450 457.66 ± 10.10 2.20 − 1.70 
938 922.66 ± 20.81 2.25 − 1.63 
600 608.5 ± 16.39 2.69 − 1.41 

2 388 366 ± 13.91 3.80 5.67 
450 416.83 ± 15.06 3.61 7.37 
938 912.66 ± 5.77 0.63 − 2.70 
600 579.33 ± 7.21 1.24 3.44 

3 388 369.33 ± 8.77 2.37 4.81 
450 421 ± 9.01 2.14 6.44 
938 894.33 ± 19.41 2.17 − 4.65 
600 572.66 ± 10.10 1.76 4.55  

Intraday Precision and Accuracy 

Day Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 388 363.08 ± 10.77 2.96 6.42 
450 426.83 ± 14.21 3.33 5.14 
938 861.83 ± 18.76 2.17 − 8.12 
600 580.16 ± 15.27 2.63 3.30 

2 388 340.16 ± 11.54 3.39 12.32 
450 397.66 ± 11.54 2.90 11.62 
938 841 ± 17.32 2.05 − 10.34 
600 555.16 ± 14.43 2.59 7.47 

3 388 346 ± 10.89 3.14 10.82 
450 401 ± 10 2.49 10.88 
938 850.16 ± 28.75 3.38 − 9.36 
600 557.66 ± 17.01 3.05 7.05  
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increase in the number of polymers (2: 1) in formula 2 decreased the 
percentage of DL values. This occurred due to the increase of MPs (PCL 
polymer) composition while retaining the quantity of CHL in the MPs, 
resulting in a decreasing DL value. 

Validated analytical methods also determined the cumulative 
amount of CHL after in vitro release studies on various media. Fig. 5. (A) 
shows PBS media’s in vitro release profile. The results showed that the % 
CHL measured after 24 h in F1 and F2 were 12.75 ± 1.46 and 9.46 ±
1.13, respectively. Fig. 5. (B) shows the MPs release profile in-vitro on 
TSB media. The results showed that the % CHL measured after 24 h in F1 
and F2 were 13.41 ± 1.55 and 10.02 ± 1.27, respectively. In both 
media, it was found that the lower levels of CHL were measured in F1 
and F2 when compared to pure CHL due to the absence of a bacterial 
enzyme stimulus that lyses the PCL polymer so that the drug remains 

stable in the MPs polymer matrix [41]. The statistical analysis results 
showed that the release profiles of F1, F2, and CHL, compared to both 
PBS and TSB media, were not significantly different (p > 0.05). This 
indicated that the media without bacteria did not affect drug release in 
the bacterial responsive MPs system. Fig. 5. (C) shows in vitro release 
profile of MPs on TSB media and bacteria. The results showed that the % 
CHL measured after 24 h in F1 and F2 were 99.29 ± 11.10 % and 79.45 
± 9.34 % respectively. In TSB, media containing bacteria showed high 
drug release. This was due to the SA bacteria culture that produced 
lipase enzymes that played a role in lysing the MPs matrix to measure 
CHL levels in the media [17,37]. 

The statistical analysis results showed significantly different release 
profile results between bacterial TSB media with PBS and TSB without 
bacteria. Fig. 5 shows the release profile of pure CHL in all test media 
showed a rapid drug release profile with levels reaching almost 100% at 
3 h, while the microparticle release profile in media containing bacterial 
stimuli almost reached 100% at 24 h. Fig. 5 shows that the drug release 
profile of F1 is higher than F2. It is shown that drug release is affected by 
particle size when drug loading is high (40%). Chen et al also found the 
same results as we observed regarding the difference in particle size 
affecting the time and % drug release [42]. The larger surface area of 
smaller MPs results in a higher concentration of drug molecules at the 
surface of microspheres, thereby accelerating drug release. 

Thus, in contrast to sterile media, the higher release of CHL from PCL 
MPs in the bacterial system was possible to be an indicator that the 
bacteria are releasing the enzymes. Additionally, this result was 
consistent with that of Wu et al., who observed that the addition of an 
enzyme multiplies PCL degradation by a factor of 1000 compared to 
degradation in an aqueous medium alone. [43]. A stark contrast be
tween the release of CHL when the bacteria is present or absent 
demonstrated that the proposed method has the potential for selective 
delivery at infection sites. Therefore, it was proven from these results 
that loading CHL into a responsive MPs system can avoid release at non- 
specific sites. 

3.6.2. The properties of analysis and Ex- vivo dermetokinetic studies of 
microneedle loaded MPs CHL-PCL 

For improved penetration profile, the MPs were incorporated into 
DMN (Fig. 6A and 6B). The quantity of CHL in the microneedle loaded 
MPs CHL-PCL was also determined using the approved UV–vis spec
trophotometry technique. Fig. 6C shows the results, which revealed that 
97.64 ± 3.21, 98.09 ± 2.43, and 97.12 ± 2.76 percent of the CHL were 
recovered from the F1, F2, and Pure CHL in DMN, respectively. These 
results demonstrated that the concentration of CHL was unaffected by 
the incorporation of CHL into DMN preparation. All formulations had 
acceptable recovery percentages, which fell between 95 and 105 percent 
in accordance with the ICH standard for acceptable recovery percentage 
[36]. 

The release kinetics of CHL from MPs after DMN treatments were 
then examined in a dermatokinetic investigation. The ex vivo infection 
model in rat skins and uninfected skin were used in this investigation. 
Only choramphenicol released by MPs were measured in order to 
demonstrate that the presence of bacterial infection had no other effect 
on the release of CHL in the skin. The skin samples were vortexed with 
water at each interval to achieve this, to see how much CHL was retained 
in the skin. Our findings showed that this approach would only extract 
CHL released from MPs since no CHL was found in the supernatant of MP 
dispersion. 

In this study, we compared the dermatokinetic characteristics of our 
method to DMNs F1 and F2 with CHL but no MP formulation (DMN- 
CHL). Fig. 7 shows the concentration of CHL released from MPs in the 
skin vs application time for the kinetic profiles of CHL in normal skin and 
ex vivo infection models following application of DMNs. Table 12 shows 
the lists of dermatokinetic profiles of CHL following application of 
DMNs, including Cmax, Tmax, T1/2, AUC, and MRT. As shown, DMNs- 
MPs released CHL much less (p < 0.05) than DMN- CHL in the absence of 

Table 9 
The Results of evaluation of precision and accuracy of CHL analysis in skin tissue 
(mean ± SD, n = 3).  

Interday Precision and Accuracy 

Replication Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 7.28 7.61 ± 0.24 3.18 4.47 
10 9.93 ± 0.71 7.11 − 0.70 
20 19.42 ± 0,91 4.66 − 2.91 
30 31.21 ± 0.67 2.14 4.05 

2 7.28 7.80 ± 0.35 4.48 7.08 
10 9.74 ± 0.17 1.71 − 2.55 
20 19.64 ± 0.48 2.47 − 1.81 
30 32.37 ± 0.46 1.43 7.91 

3 7.28 7.84 ± 0.39 4.98 7.69 
10 10.47 ± 0.46 4.41 4.69 
20 20.08 ± 0.51 2.52 0.39 
30 32.08 ± 0.71 2.23 6.93  

Intraday Precision and Accuracy 

Day Concentration 
added (µg/mL) 

Found 
concentration 
(µg/mL) ± SD 

Precision 
(%RSD) 

Accuracy 
(%RE) 

1 7.28 7.43 ± 0.24 3.20 2.00 
10 9.52 ± 0.16 1.71 − 4.77 
20 19.22 ± 0.47 2.47 − 3.89 
30 31.42 ± 0.70 2.23 4.73 

2 7.28 7.66 ± 0.38 5.00 5.15 
10 9.18 ± 0.66 7.19 − 8.22 
20 18.66 ± 0.47 2.53 − 6.70 
30 30.57 ± 0.65 2.14 1.91 

3 7.28 7,61 ± 0.34 4.49 4.56 
10 9,68 ± 0.43 4.45 − 3.19 
20 19,01 ± 0.89 4.67 − 4.97 
30 31,71 ± 0.45 1.43 5.69  

Table 10 
Mean extraction recovery of CHL in skin tissue (n = 3).  

Sample Concentration (µg/mL) %Extraction Recovery ± SD %RSD   

Skin Tissue 

LLOQ (5,13) 91.47 ± 1.40 1.53 
QC (7,5) 90.93 ± 1.42 1.56 

MQC (15) 90.84 ± 1.29 1.42 
HQC (24) 91.72 ± 1.73 1.88  

Table 11 
Results of Measurement of Particle Size, PDI, %EE, and %DL MPs CHL (mean ±
SD, n = 3).  

Formulation Particle Size PDI % EE % DL 

F1 0.59 ± 0.02 0.117 ± 0.01 40.94 ± 2.88 20.47 ± 1.44 
F2 1.29 ± 0.09 0.121 ± 0.01 39.61 ± 3.23 13.20 ± 1.07  
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bacterial growth in normal skin. The Tmax values of CHL from MN-MPs 
F1 and F2 were found to be considerably lower (p < 0.05) compared to 
the other formulation due to the explanations provided for the Cmax 
results. This suggested that the inclusion of CHL into MPs would make it 
possible to avoid the non-specific release of CHL. The release of CHL 
from DMN-MPs, in contrast to DMN- CHL, was considerably increased 
(p < 0.05) in ex vivo infection models made from SA. The results ob
tained here indicate that CHL encapsulation in PCL MPs may result in an 
increase in CHL release via two different processes. The PCL outer layer 
initially aided in the MPs attachment to the colony infection. Following 
this, the bacterial strains lipase released into the environment dissolved 
PCL layers, releasing CHL from MPs. Regarding the impact of pH on 
kinetical release of CHL in MPs-coated PCL, previous research has 
demonstrated the profile of nanoparticle release utilizing PCL polymers. 
The release of carvacrol (CAR) in pure form and CAR-PCL nanoparticles 

(NPs) was studied at different pH levels in the absence and presence of 
bacterial lipase enzyme. The result shows that the presence of lipase 
enzyme has a significantly greater impact on the kinetics of polymer 
breakdown than the different pH levels (p < 0.05) [44]. This explains 
that the effect of pH resulting from bacterial growth factor does not have 
a significant impact on the kinetics of CHL release from MPs. Specif
ically, when compared to the DMN-F2 formula, DMN-F1 had a higher 
drug release due to the smaller particle size in F1 compared to the F2 
formula. In the case of smaller MPs, the greater surface area produces a 
higher number of drug molecules at the surface of microspheres, thereby 
accelerating drug release. 

Regarding the AUC value, the AUC values of CHL from DMN-MPs 
specifically F1 in ex vivo infection models was discovered to be consid
erably higher compared to other formulations, demonstrating a good ex 
vivo skin bioavailability of our technique. It was discovered that the 

Fig. 4. SEM Visualization Image of F1 (A) and F2 (B) (The black scale bar represents a length of 10 μm in each case).  

Fig. 5. (A) in vitro MPs-CHL release in PBS media, (B) in vitro MPs-CHL release in TSB media, (C) in vitro MPs-CHL release in TSB + Bacteria media (mean ± SD, n 
= 3). 
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DMN containing free CHL showed MRT<6 h in terms of retention 
duration in the infected skin. The MRT values of CHL from DMN-MPs 
were found to be considerably higher (p < 0.05) than those of DMN- 

CHL, in the case of the retention period in the skin. A lower applica
tion time for CHL in the treatment of skin infections may be possible 
because to the increased MRT. As a result, it can lead to patients 
accepting this strategy. The combination of responsive MPs and DMNs 
might successfully transfer chlramphenicol into an ex vivo biofilm 
model, according to our findings. 

4. Conclusion 

This research aimed to maturate and confirm a CHL analysis pro
cedure that utilizes a UV–vis spectrophotometric method. This study’s 
proposed method went through a validation process with these five 
parameters: accuracy, precision, linearity, LOD, LLOQ, and extraction 
recovery. The outcomes indicated which total recognition specifications 
were right defined and satisfied all of the qualifications from the ICH 
instructions. In addition, an accepted scientific method was successfully 
used to calculate the characteristics of the entrapment efficiency, drug 
loading, percentage recovery, drug release profile of MPs CHL-PCL, and 
ex vivo dermatokinetic of microneedle MPs CHL-PCL. To conclude, the 
method that has been validated has numerous applications for CHL 
studies to formulate and characterize bacterial responsive microparticle 
and microneedle systems. 
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