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Abstract: Rose Bengal (RB) is a fluorescent dye with several potential biomedical applications, par-

ticularly in dermatology. Due to RB’s poor physicochemical properties, several advanced delivery 

systems have been developed as a potential tool to promote its permeation across the skin. Never-

theless, no validated quantitative method to analyse RB within the skin is described in the literature. 

Considering RB exhibits a conjugated ring system, the current investigation proposes fluorescence-

based techniques beneficial for qualitatively and quantitatively determining RB delivered to the 

skin. Notably, the development and validation of a fluorescence-coupled HPLC method to quantify 

RB within the skin matrix are herein described for the first time. The method was validated based 

on the ICH, FDA and EMA guidelines, and the validated parameters included specificity, linearity, 

LOD, LLOQ, accuracy and precision, and carry-over and dilution integrity. Finally, the method was 

applied to evaluate RB’s ex vivo permeation and deposition profiles when loaded into dermatolog-

ical formulations. Concerning qualitative determination, multiphoton microscopy was used to track 

the RB distribution within the skin strata, and fluorescence emission spectra were investigated to 

evaluate RB’s behaviour when interacting with different environments. The analytical method 

proved specific, precise, accurate and sensitive to analyse RB in the skin. In addition, qualitative 

side-analytical techniques were revealed to play an essential role in evaluating the performance of 

RB’s dermatological formulation.  

Keywords: Rose Bengal; skin; fluorescence detection; method validation; ex vivo permeation tests; 

topical dosage forms; multiphoton microscopy 

 

1. Introduction 

Rose Bengal (RB) is a violet dye synthesised from fluorescein in the 19th century as 

a wool colourant. Chemically, RB, the 3′, 4′, 5′, 6′ -tetrachloro-2,4,5,7-tetraiodo-fluorescein 

is a highly water-soluble (100 g/L), fluorescent dianionic molecule belonging to the class 

of xanthene dyes [1]. Beyond its colouring abilities, RB exhibits intrinsic cytotoxicity to-

wards different cancers [2–6] and microbial cells [7] and sono-photochemical properties, 

which allow its application in photodynamic (PDT) [8–12] and sonodynamic therapies 

(SDT) [13–15].  
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In recent decades, RB has garnered the scientific community’s interest, particularly 

in its potential role in managing dermatological diseases. Due to its intrinsic cytotoxicity, 

RB has been widely investigated as a potential chemotherapeutic in treating cutaneous 

melanoma, both early and metastatic [2,16,17]. To date, RB is undergoing clinical trials for 

the treatment of melanoma with the name of PV-10® (Provectus Biopharmaceuticals, INC. 

Knoxville, TN, USA), which is a 10% w/v RB sterile and nonpyrogenic saline solution suit-

able for intralesional (IL) administration [18]. Despite its promising results, IL administra-

tion requires the healthcare assistance of professionals and causes significant pain and 

discomfort to the patient, which may result in poor compliance. More importantly, sys-

temic phototoxicity following the intralesional administration of RB has been reported as 

a side effect [19]. Nevertheless, the IL route appears to be the most efficient administration 

considering RB’s high water-solubility and low permeability [1,15]. 

PH-10® is a topical RB hydrogel formulation that selectively delivers RB to epithelial 

tissue and is currently involved in clinical trials [20]. PH-10® has been employed for man-

aging psoriasis and atopic dermatitis with encouraging results. Nevertheless, the action 

mechanism of RB in this disease has yet to be elucidated. Furthermore, RB alone or in 

combination with stimuli-responsive therapies has been reported to be a promising can-

didate for a plethora of therapeutic applications ranging from photochemical tissue bond-

ing [20–22], white hair removal [23], plantar warts [24] and eradication of certain skin in-

fections [7,25–27]. 

Research has been focused on developing advanced drug delivery systems that could 

help augment the efficacy of RB in dermatology (Figure 1) to obviate RB shortcomings, 

including low bioavailability and scarce permeation of biological membranes [1,28]. Some 

of these drug delivery systems include liposomes [29], transfersomes [30], micellar plat-

form [31], microemulsion [32], hydrogel [33], upconversion particles [34,35], inorganic na-

noparticles (NP) [36,37], hybrid NP [24] and dissolving polymeric microneedles [38]. 

 

Figure 1. Summary of applications of RB-loaded formulations in managing dermatological diseases 

from the literature. NP: nanoparticles. 

Despite the role of RB in dermatology and the continuous investigation of advanced 

drug delivery systems, no validated quantitative method to analyse RB within the skin 
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has been described in the literature. The detailed analysis of a drug within the skin strata 

is essential in estimating and understanding the permeation enhancement effect conferred 

by the delivery system used. RB is easily quantifiable using UV-visible and fluorescence 

techniques due to the presence of a conjugated ring system in its structure. The maximum 

wavelengths at which RB absorbs and emits have been determined in different solvents 

and are reported to be 546 nm and 567 nm in water, respectively [39]. To the best of our 

knowledge, only one validated RB quantitative method has been described, exploiting 

RP-HPLC with UV detection at 262 nm to quantify the analyte within eye surgical strips 

and not within the skin layers [40]. Other investigations mainly employed the UV-Vis 

spectrophotometer technique to determine RB content [31,41–44]. Many dermatological 

formulations contain biopolymers and lipids that must be removed before the analysis to 

mitigate any potential interference or matrix effect, which may interfere with RB quanti-

fication [45]. However, based on the chemical profile of RB, the complete isolation from 

excipients is not always successful, and some undesired traces can remain in the sample 

for analysis. RB strongly interacts with phospholipids, and its absorption and emission 

spectra are influenced by this interaction [30,46], as well as by the interaction with poly-

mers [47] or skin components themselves [31]. In those cases, UV-Vis techniques may suf-

fer from poor selectivity, sensitivity and relatively high inconstancy [39,48]. 

Fluorescence-coupled techniques have been widely used to evaluate the efficiency of 

drug delivery systems intended to be administered to the skin [49]; wide-field fluores-

cence and multiphoton microscopies are some of those techniques. Pena-Rodríguez and 

collaborators exploited the wide-field fluorescence microscopy to determine the biodistri-

bution of Retinyl Palmitate-Loaded Transfersomes within the skin layers [49], aiming the 

epidermal delivery. Similarly, Mangion et al. [50] employed multiphoton microscopy to 

assess the follicular delivery of zinc pyrithione. Due to its intrinsic fluorescence, RB can 

be easily tracked within a biological milieu by means of the techniques mentioned above. 

In this regard, it has been reported that staining hepatoma cells with RB increased their 

visualisation under multiphoton microscopy compared with other dyes [51]. Fluores-

cence-based microscopies have been a helpful armamentarium for evaluating the derma-

tokinetic of topically applied RB [52]. Recently, we have exploited the multiphoton tech-

nique to estimate the penetration depth of an RB microneedle formulation into the full-

thickness porcine skin [38]. 

Based on this rationale, this study intends to investigate the fluorescence-coupled 

techniques that should be considered to analyse RB in the skin, thus supporting the suc-

cessful development of a skin-targeted delivery system. Two aims have been pursued in 

this work: (i) validating a selective and sensitive HPLC method for the RB quantitative 

determination in the skin matrix, and (ii) offering side-analyses techniques to qualitatively 

evaluate the performance of an RB formulation. Herein, we report, for the first time, the 

validation of an analytical method for RB quantification using the HPLC technique cou-

pled with a fluorescence (FLD) detector. The validated analytical method was then ap-

plied to an ex vivo skin deposition experiment comparing three RB topical formulations 

(aqueous solution, cream and transfersome dispersion). The HPLC results were then 

cross-compared with multiphoton microscopy results. For this, the fluorescence spectra 

of skin spiked with RB and RB loaded in different formulations were acquired. 

2. Materials and Methods 

2.1. Materials 

Rose Bengal disodium salt (RB), cholesterol, Span® 80, ethanol, HPLC-grade metha-

nol, ammonium acetate, sodium hydroxide, phosphate-buffered saline (PBS) tablets and 

dimethyl sulfoxide (DMSO) were purchased by Sigma-Aldrich (St. Louis, MO, USA). 

Aqueous cream BP was purchased under the brand name XBC aqueous cream (Bucking-

hamshire, UK). Ultrapure water was obtained from a water purification system (Elga 

PURELAB DV 25, Veolia Water Systems, Dublin, Ireland). 
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2.2. Instrumentation and Chromatographic Conditions 

The apparatus employed to develop the proposed method was an Agilent Technolo-

gies 1220 Infinity compacted LC Series equipped with fluorescence (FLD) and UV-Vis de-

tector with a binary pump, degasser and standard auto-injector set at room temperature 

(Agilent Technologies UK Ltd., Stockport, UK). The analyses of RB were performed on a 

C18 Phenomenex SphereClone® column ODS(1) (150 × 4.6 m) with a particle size of 5 µm 

and pore size of 100 Å (Phenomenex, Cheshire, UK). All chromatograms were recorded 

and collected using the Agilent ChemStation® Software B.02.01 (Santa Clara, CA, USA). 

For this study, we wanted to compare two standard analytical detectors to evaluate which 

detector conferred the most significant sensitivity. Upon identifying the most sensitive 

detector, this detector will be used to develop further and evaluate the analytical method 

for quantifying the molecule of interest, RB. 

The mobile phase was a mixture of methanol and 20 mM ammonium acetate buffer 

solution at pH 8, used after degasification and filtration through membrane filters of 

mixed cellulose esters, 0.45 µm pore size and 47 mm diameter (GE Healthcare Life Sci-

ences, Buckinghamshire, UK). The pH 8 buffer was obtained by accurately weighing and 

solubilising 1.54 g of ammonium acetate in ultrapure water in a 1000 mL volumetric flask. 

The pH was adjusted to 8 using NaOH. The isocratic elution of the mobile phase kept 60% 

methanol and 40% buffer of pH 8.0 with a flow rate of 1 mL/min. The excitation wave-

length was set at 549 nm concerning UV-Vis detection. Regarding FLD detection, the ex-

citation and emission wavelengths were set at 556 nm and 573 nm, respectively. The in-

jection volume was 40 µL, and the run time was 7 min for UV-Vis detection and 6 min for 

FLD detection. The retention time was 3.1 min for UV-Vis and 4.1 min for FLD. 

2.3. Standard Stock, Working Solution and Calibration Standards 

To prepare the standard stock solution, 20 mg of RB were accurately weighed and 

dissolved in phosphate-buffered saline at pH 7.4 (PBS) into a 20 mL volumetric flask, 

reaching a 1 mg/mL concentration. One mL of the stock standard solution was withdrawn 

and further diluted up to 10 mL with PBS to obtain the standard working solution of 100 

µg/mL final concentration. From the standard working solution, serial dilutions with PBS 

were performed to obtain seven calibration standards ranging from 1.33 to 80 µg/mL in 

the case of UV-Vis determination and from 0.16 to 10 µg/mL in the case of FLD determi-

nation. 

2.4. Validation Process 

The developed method was validated based on International Council on Harmoni-

zation (ICH) guideline, US Food and Drug Administration (FDA) guideline and the Eu-

ropean Medicine Agency guideline [53–55] to ensure it fits the intended purpose. 

2.4.1. HPLC UV-Vis Method Validation 

Concerning the HPLC method coupled with the UV-Vis detector, validated parame-

ters were linearity, limits of detection (LOD) and quantitation (LOQ). Linearity was de-

termined by evaluating the calibration curves from the calibration standards mentioned 

in Section 2.3. Six replicates of the calibration standards were analysed over three consec-

utive days (n = 6). The instrument response (peak area) was fitted as a function of the 

theoretical concentration, and the linear regression method was employed to determine 

the slope, y-intercept, and coefficient of determination (R2) using GraphPad Prism® 9.4.1 

(GraphPad Software, Boston, MA, USA). The LOD and LOQ were calculated from Equa-

tions (1) and (2), respectively, based on the standard deviation of the response and the 

slope from six calibration curves: 

LOD =
3.3σ

S
 , (1) 
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LOQ =
10σ

S
 , (2) 

where σ is the standard deviation of the response and S is the slope of the calibration 

curve. 

2.4.2. HPLC-FLD Method Validation 

Concerning HPLC-FLD determination, validated parameters were specificity, linear-

ity, LOD and LOQ, inter-day and intra-day accuracy and precision. 

Specificity 

The specificity was investigated by comparing the chromatograms of six samples of 

blank PBS, blank samples from skin extract and PBS and skin samples spiked with a 

known amount of RB. The skin was prepared as reported below in Section 2.5. 

Linearity, LOD and LLOQ 

Linearity, LOD and LLOQ were calculated, as described above in Section 2.4.1., using 

the calibration standards mentioned in Section 2.3. 

Inter-Day and Intra-Day Accuracy and Precision 

Quality control (QC) solutions were prepared and analysed to calculate inter-day and 

intra-day accuracy and precision. Following the same procedure described in Section 2.3, 

three quality control (QC) solutions were prepared (1 µg/mL for low QC, 4 µg/mL for 

medium QC and 8 µg/mL for high QC). The inter-day accuracy and precision were deter-

mined by analysing the QC solutions within one run (n = 6), and intra-day accuracy and 

precision were observed between runs over three consecutive days (n = 6). The precision 

was expressed as the relative standard deviation (RSD%) of the responses of all samples 

(Equation (3)); the accuracy test indicated the relative error (RE%) between the experi-

mental measurements and the theoretical concentrations (Equation (4)). The RSD% and 

RE% maximum values were set at 15%.  

RSD% =
Standard deviation of experimental measurements

Mean of experimental measurements
x100  (3) 

and RE% =
Absolute error

Theroetical concentrations
× 100, (4) 

where the absolute error represents the deviation between the experimental measure-

ments and theoretical concentrations. 

Carry-Over 

In order to evaluate the carry-over of RB, a QC sample at high concentration was 

injected, followed by the blank solution. The response of the blank solution obtained 

should not be more than 20% of the response from the sample at the LLOQ concentration 

[54,55]. 

Dilution Integrity 

Dilution integrity was assessed by injecting the diluted samples (5 and 10 times) in 

PBS (pH 7.4) media. The accuracy and precision of obtained responses were then calcu-

lated [54,55]. 

2.5. Skin Extraction Recovery 

RB’s extraction recovery from dermatomed neonatal porcine skin was determined by 

analysing skin samples spiked with QC solution. The skin was obtained from stillborn 
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piglets from Agri-Food and Bioscience Institute (Hillsborough, Northern Ireland, UK); the 

newborn piglets were instantly frozen at −20 °C and defrosted overnight before experi-

mentation. First, full-thickness skin was excised using a surgical scalpel and cautiously 

shaved using a disposable razor (Gillette Blue II™, Gillette, Reading, UK). Then, derma-

tomed skin was isolated by trimming the shaved skin using an electric dermatome (Inte-

gra Padgett® model B, Integra LifeSciences Corporation, Ratingen, Germany) to a thick-

ness of around 350 µm. The skin was finally allowed to equilibrate for 30 min in PBS before 

the study. RB solutions were incubated with 100 mg of porcine skin in a 2 mL Eppendorf 

tube at 37 ± 0.5 °C for 24 h (Drying Oven VWRTM VENTI-LineTM VL 115, VWR Interna-

tional BVBA, Leuven, Belgium) to perform the skin extraction recovery test, as illustrated 

in Figure 2. 

 

Figure 2. Schematic illustration of the skin extraction recovery process. RB: Rose Bengal; DMSO: 

dimethyl sulfoxide.  

The skin samples were then cut into fragments by a scissor and lysed at 50 Hz for 15 

min by a Qiagen TissueLyserTM LT (UK Quiagen Ltd., Manchester, UK), following the 

addition of deionised water (0.5 mL) and two stainless steel beads (diameter = 0.5 cm) 

(Qiagen, Hilden, Germany) [56,57]. Next, 1 mL of DMSO as extraction solvent was added 

[11], and samples were treated for a further 15 min (50 Hz); this step was repeated twice 

to ensure maximal RB extraction from the skin. The samples were then diluted in PBS, 

centrifuged at 14,000 rpm for 15 min (Sigma Laborzentrifugen GmbH, Osterode am Harz, 

Germany) to precipitate skin components, and the supernatants were meticulously col-

lected and quantified by HPLC using the HPLC-FLD. Results were compared with those 

obtained from the control group consisting of the same weight of RB without skin, treated 

as above. The RB percentage skin extraction recovery (ER%) was expressed as the mean 

of the extraction recovery values obtained from the low, medium, and high RB amounts 

tested (Equation (5)): 

ER(%) =
RB quantified in skin samples

RB quantified in control samples
× 100. (5) 
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2.6. Preparation of RB Aqueous Solution, RB-Loaded Cream and RB-Loaded Transfersomes 

RB was here loaded in three different formulations: (i) an aqueous solution, (ii) a wa-

ter-based cream and (iii) a transfersomes dispersion. 

RB aqueous solution (RB-S, RB = 2 mg/mL) was obtained by dissolving 10 mg of RB 

in 5 mL of ultrapure water. The solution was then vortexed for 30 s at 2500 rpm to ensure 

the complete solubilisation of the drug. 

A water-based cream based on the British Pharmacopoeia (aqueous cream BP) was 

employed to obtain the RB-loaded cream (RB-C, RB = 0.2 mg/mg). RB (20 mg) was solu-

bilised in 80 mg of the cream by a DAC 150 FVZ SpeedMixer (High Wycombe, England) 

at 3500 rpm for 5 min. 

RB-loaded transfersome dispersion (RB-TF) (RB = 2 mg/mL) was already prepared 

and characterised by the same authorship [38]; the technique employed for the prepara-

tion was reverse-phase evaporation. Briefly, 20 mg of RB was solubilised in 10 mL of ul-

trapure water, and the lipid phase (142 mg of Lipoid S100, 26 mg of cholesterol, 14 µL of 

Span® 80) was separately dissolved in 5 mL of ethanol. The two phases were subsequently 

submitted to a sonication process (60 s at 50% ultrasound (US) amplitude) using an ultra-

sonic probe device (Davidson & Hardy Ltd. cooperating with Fisher Scientific, Leicester-

shire, UK) to obtain a homogeneous dispersion. Afterwards, ethanol was evaporated by a 

rotary evaporator (Rotavapor, Buchi Labortechnik, Flawil, Switzerland) under a vacuum 

at 50 °C. The resultant formulation was conserved for 1 h at room temperature in dark 

conditions, and six additional sonication cycles (10 s of 50% US amplitude/20 s break) 

were finally applied. 

2.7. Ex Vivo Skin Permeation and Deposition Study 

An ex vivo permeation and deposition study were performed across dermatomed 

neonatal porcine skin, testing RB-S, RB-C and RB-TF. The skin was obtained and prepared 

as reported above in Section 2.5. 

The study, conducted under infinite dose settings, employed Franz cells (Permer-

gear, Hellertown, PA, USA) with a 1.77 cm2 orifice of an effective diffusion area of 0.36 

cm2 and 12 mL receptor volume. The system’s temperature was thermally regulated at 37 

± 1 °C to provide a skin-surface temperature of 32 ± 1 °C at the skin surface [58]. First, the 

receiver compartment was filled with 12 mL of degassed PBS pH 7.4 as the receiver me-

dium. Then, the skin was sandwiched between the donor and receiver compartment, with 

the subcutaneous side facing the receiver compartment. The skin was allowed to equili-

brate for 30 min before experimentation [59]. 

The three formulations were separately applied on the top of the skin surface: 100 µL 

of RB-S, 100 µL of RB-TF dispersion and 10 mg of RB-C. The donor and the sampling ports 

were sealed to minimise evaporation and contamination. The magnetic stirrers were set 

at 600 rpm to homogenise the receiver medium during the deposition study, which lasted 

24 h (Figure 3). 



Pharmaceutics 2023, 15, 408 8 of 22 
 

 

 

Figure 3. Schematic representation of the set-up employed for the ex vivo permeation and deposition 

study. RB-S: Rose Bengal solution, RB-C: Rose Bengal cream, and RB-TF: Rose Bengal trans-

ferosomes. 

Finally, both skin and receiver mediums were collected to quantify the RB amount 

deposited into the skin and the amount permeated. Any excess formulation from the so-

lution, cream and dispersion on the skin surface was first wiped using wet tissue paper 

before processing the skin sample. The receiver medium was centrifuged, the supernatant 

was injected in the HPLC, and skin samples were processed as previously reported in 

Section 2.5 before the quantification analysis. The amount of RB permeated and deposited 

into the skin was estimated by referring to the calibration curve obtained by the HPLC-

FLD method. To quantify the amount of RB deposited into the skin, the ER was considered 

as well, according to Equation (6):  

RB deposited in the skin =
RB quantified in skin samples

ER
. (6) 

2.8. Multiphoton Microscopy Investigation 

The deposition of RB-S, RB-C and RB-TF in the dermatomed skin was visually exam-

ined at the end of the ex vivo deposition study by multiphoton microscopy. 

Micrographs were obtained using a Leica TCS SP8 multiphoton scanning microscope 

(Leica Microsystems Ltd., Milton Keynes, UK) set with an upright DM6 microscope body 

and a motorised stage. The Leica Application Suite X software (3.5.7.23225) was employed 

to process the images. Samples were excited with 549 nm laser lines from the Mai Tai Deep 

See Mode-Locked laser system (Newport-Spectra-Physics, Oxfordshire, UK). Fluores-

cence emission was detected via HyD GaAsP-spectral detectors for Rose Bengal dye be-

tween 557 nm and 660 nm. A water immersion objective HC FLUOTAR L 25× with 0.95 

Numerical Aperture or dry objectives HC PL APO 10X/0.40NA or HC PL FLUOTAR L 

40X0.60NA was employed to acquire images as suitable. Micrographs were acquired at a 

1024 × 1024 pixel resolution format and a scanner speed of 400 Hz. Image analysis was 

performed using the Leica Application Suite X software (3.7.020979). 

2.9. Examination of the Fluorescence Spectra 

The fluorescence spectra of RB-S, RB-C, RB-TF, skin spiked with RB formulations and 

blank skin was carried out as previously reported by [46]. The spectra were recorded with 

a fluorescence spectrophotometer (Hitachi, Honshu, Japan), exciting each sample at 549 

nm. Results were finally processed with GraphPad Prism® 9.4.1. 

In order to analyse RB-S, RB-C and RB-TF, the samples were diluted with PBS previ-

ously filtered (regenerated cellulose syringe filter, pore size 0.20 μm, filter size 15 mm; 
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Albet LabScience, Dassel, Germany) to achieve a 10 µg/mL RB concentration. The auto 

zero was performed with blank PBS. 

Regarding the analysis of skin spiked with RB-loaded formulations, the skin was first 

separately spiked with RB-S, RB-C and RB-TF and subsequently processed as reported in 

Section 2.5. Blank skin, submitted to the same treatment, was examined and used to per-

form the auto zero. 

2.10. Statistical Analysis 

Data were statistically analysed using GraphPad Prism® 9.4.1 (GraphPad Software, 

San Diego, CA, USA). Multiple unpaired t-tests analysed accuracy, precision and skin ex-

traction recovery. A two-way ANOVA was used to determine whether the RB permeated 

across and deposited into the skin. A p-value < 0.05 was used to indicate statistically sig-

nificant differences in all cases. 

3. Results and Discussion 

3.1. HPLC Analytical Method 

RB is a molecule with several applications in dermatology, and an analytical proce-

dure to determine the molecule’s content within the skin upon delivery is highly de-

manded. The quantitative analysis of a drug in such a type of matrix is challenging be-

cause of the low expected concentrations, small sample volumes and the intrinsic struc-

ture of the skin itself. Indeed, the skin is considered a hard tissue, meaning a more robust 

extraction procedure and sample preparation are required to accomplish an accurate anal-

ysis relative to soft or tough tissues. Moreover, the endogenous components extracted 

from the biological matrix during sample preparation can easily interfere with the detec-

tion of the analyte. This is further complicated by the log P of RB (0.59), which causes the 

molecule to exhibit a natural affinity to skin components, making the extraction and, con-

sequently, the quantification harder [60,61]. 

3.1.1. Analytical Method Optimisation 

The chromatographic conditions used as starting lines were those proposed by Man-

nan et al. to quantify RB from surgical strips [40]. This method was accurate, rapid and 

specific, but it was not sensitive enough for the purpose of our work, as it reported an 

LLOQ of 3 µg/mL and a LOD of 1 µg/mL. To improve the sensitivity, we first tried to 

change the excitation wavelength maintaining the UV-Vis detection. Secondly, we 

changed the technique of detection from UV-Vis to FLD. The three HPLC methods are 

summarised in Table 1. 

Table 1. Chromatographic conditions were used to develop the method for the quantification of RB 

in the skin. 

Condition Starting Method * UV-Vis HPLC FLD-HPLC 

Mobile phase MeOH and buffer pH 8 1 50/50 v/v 
MeOH and buffer pH 8 2 60/40 

v/v 

MeOH and buffer pH 8 2 60/40 

v/v 

Pump mode Isocratic Isocratic Isocratic 

Diluent Buffer pH 8 1  PBS pH 7.4 PBS pH 7.4 

Column C-18 Chromosil 100-5 μm (250 × 4.6 mm) 
C-18 Phenomenex SphereClone® 

(150 × 4.6 m) 

C-18 Phenomenex SphereClone® 

(150 × 4.6 m) 

Column temperature Ambient Ambient Ambient 

Excitation wavelength 262 nm 549 nm 556 nm 

Emission wavelength - - 573 nm 

Injection volume 20 μL 40 μL 40 μL 

Flow rate 1 mL/min 1 mL/min 1 mL/min 

Run time 10 min 7 6 

Retention time 2.69 min 3.1 min 4.1 min 
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* Mannan et al. [40]. 1 Potassium phosphate dibasic adjusted with sodium hydroxide or phosphoric 

acid. 2 Ammonium acetate adjusted with sodium hydroxide. 

Due to the extremely low water solubility of Rose Bengal (molecular formula 

C20H4Cl4I4O5), in this investigation, we employed the ionisable form of RB disodium salt 

(solubility in water: 100 g/L). Aqueous solubility is a desirable property for a drug mole-

cule as it facilitates the interaction with the pharmacological target. For this purpose, the 

poor solubility of potentially active molecules can be modified by strategies recognised in 

contemporary medicinal chemistry, including exploiting any potential ionisable centres. 

The General Solubility Equation (7), used to predict the solubility for unionised molecules, 

can be modified to reflect the contribution of charges to solubility at any given pH by 

substituting logP for logD [62]:  

logS =  −logP − 0.01 × (Mpt − 25) + 0.05 (7) 

The increased ionisation reduces logD at given pH and increases the aqueous solu-

bility. Since we used the ionisable form of RB, the mobile phase selection was pivotal to 

achieving an adequate ionisation degree [62]. The selected pH for the mobile phase was 

8, as RB is entirely ionised and consequently solubilised (Figure 4b). The aqueous part of 

the mobile phase consisted of a phosphate buffer at pH 8.0, a value at which RB is entirely 

ionised, based on the logD prediction shown in Figure 4.  

 

Figure 4. (a) Chemical structure of RB disodium salt. (b) LogD of RB as a function of pH was pre-

dicted using ChemAxon software (ChemAxon, Budapest, Hungary). 

The starting method employed the excitation wavelength of 262 nm for RB determi-

nation in surgical strips [40]. Unfortunately, at lower wavelengths, the likelihood of inter-

fering peaks arising in the chromatogram increases, especially within biological matrices 

[63]. Therefore, we decided to shift this value to the maximum RB absorption wavelength, 

set at 549–562 nm [39]. The two methods’ linearity, LOD and LLOQ, were calculated to 

identify the most suitable detector. Results are reported in Table 2, and the calibration 

curves are represented in Figure 5. 

Table 2. Properties of the calibration curve were obtained using a fluorescence detector and UV 

detector to quantify RB with LOD and LOQ values (n = 6). 

Detector Slope Intercept Linearity 1 LOD 2 LLOQ 2 

UV-Vis 190.5 16.84 1.0000 0.60 1.83 

FLD 327.3 −58.28 0.9999 0.17 0.54 
1 Linearity is expressed as R squared. 2 LOD and LLOQ are expressed in μg/mL. 
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Figure 5. Calibration curves of RB obtained with UV-HPLC and FLD-HPLC detection (means ± SD, 

n = 6). 

The data show that the calibration curves displayed a linear response with a regres-

sion coefficient (R2) ≥ 0.9999 over the concentration range evaluated. On the other hand, 

the LLOQ was found to be 0.54 µg/mL for the HPLC-FD method, which was more sensi-

tive than the HPLC-UV method, which had an LLOQ of 1.83 µg/mL. The superior sensi-

tivity obtained from HPLC-FD is attributed to the greater sensitivity conferred by fluores-

cent detectors compared with UV detectors [64]. Moreover, it is widely known that most 

polycyclic aromatic hydrocarbons, such as RB, can easily be observed via fluorescence-

based techniques. The delocalised electrons in the aromatic rings can easily be excited. In 

addition, the stiff structure of polycyclic rings does not allow for efficient vibrational re-

laxation, enabling sufficient time for the emitted fluorescence to be detected [65]. Consid-

ering these outcomes, fluorescence detection was finally selected as the leader RB deter-

mination method and further evaluated. 

3.1.2. Specificity of the HPLC-FLD Method 

The specificity of the HPLC-FLD method was determined by evaluating the chroma-

tograms of RB in the diluent and the presence of the skin matrix’s interferents. As reported 

in Figure 6, no interfering peaks were detected, suggesting the specificity of the current 

method. The fluorescent detector specificity prevents co-eluting peaks that typically arise 

when quantifying analytes from the biological matrix using HPLC-UV. Such advantage is 

attributed to the low concentration of naturally fluorescent compounds found within bi-

ological tissue. However, a change in the RB retention time in the presence of skin has 

been denoted, shifting from 4.1 min in PBS to 3.5 min in the skin. In this regard, it has 

already been described that the complex composition of the skin matrix provides samples 

that carry on a considerable diversity of endogenous substances, in contrast to the more 

homogeneous plasma samples [61]. This phenomenon, coupled with the known RB affin-

ity for skin components, herein turned into a slight variation of the retention time without 

affecting the specificity of the method for the analyte. 
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Figure 6. Representative HPLC-FD chromatogram of (a) blank PBS, (b) blank skin extract, (c) RB in 

PBS (10 µg/mL) and (d) RB from skin extract (5 µg/mL). 

3.1.3. Accuracy and Precision of the FLD-HPLC Method 

Accuracy and precision were evaluated over one day (intra-day variability) and three 

consecutive days (inter-day variability). The values are shown in Table 3. No statistically 

significant difference was observed between the theoretical and experimental concentra-

tions (p-value > 0.05). The values of RE% for all QC samples were in the range of 1.17–

2.42%. The precision, which indicates the method’s repeatability, exhibited an RSD% 

value from 0.98 to 3.06%, within the concentration range tested. The results confirmed that 

the new analytical method is accurate and precise since the values obtained were lower 

than the acceptable value of 15%; hence, they are under the recommendations for bioana-

lytical methods [60,66,67]. Based on these results, it can be assumed that the current ap-

proach is potentially appropriate for quantifying RB deposited into skin samples.  

Table 3. Intra-day and inter-day accuracy and precision of RB (means ± SD, n = 6). 

 Theor. Concentration (μg/mL) Exp. Concentration (μg/mL) Precision (RSD%) Accuracy (RE%) 

Intra-day 

8.00 7.89 ± 0.08 1.02 −1.33 

4.00 3.95 ± 0.07 1.91 −1.26 

1.00 0.98 ± 0.03 2.65 −2.42 

Inter-day 

8.00 7.90 ± 0.08 0.98 −1.17 

4.00 3.93 ± 0.10 2.57 −1.84 

1.00 0.98 ± 0.03 3.06 −1.95 

3.1.4. Carry-Over 

The signal of RB possibly interferes with the measurement of the blank solution; 

therefore, the carry-over evaluation was performed. In order to evaluate this, a high con-

centration of RB solution (50 μg/mL) was injected, followed by a blank sample. The result 

obtained was that the peak of RB was not detected in the sequence of blank samples. Ac-

cordingly, it indicates no carry-over effect in the developed HPLC method. 
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3.1.5. Dilution Integrity 

The dilution integrity was assessed by monitoring the RB concentration’s consistency 

upon diluting 5 and 10 times lower than the stock solution. As presented in Table 4, the 

results showed that the RSD% and RE% of both dilutions were in the range of 0.98–1.53% 

and 4.22–4.70%, respectively. This indicates that the dilution integrity is reliable for the 

developed HPLC method, as the values of RSD% and RE% were in the acceptable range, 

which is less than 15%. 

Table 4. Dilution integrity developed HPLC method for RB (means ± SD, n = 3). 

Dilution Recovery (%) Precision (RSD%) Accuracy (RE%) 

5 times 104.70 ± 1.02 0.98 4.70 

10 times 104.22 ± 1.60 1.53 4.22 

3.2. Skin Extraction Recovery 

A bead homogenisation approach has been employed to extract RB from the skin. 

This method breaks down the skin tissue by utilising stainless-steel grinding balls com-

bined with a lysing solvent to extract RB. Through the high-velocity collision provided by 

a TissueLyser®, the beads grind and disrupt the cell membranes releasing the intracellular 

fluid [61]. The supernatant of the resultant homogeneous mix has been centrifuged and 

used to quantify RB. The bead homogenisation technique has already been applied for 

porcine tissues and suits all skin samples. Herein, dermatomed skin, with a thickness of 

350 μm, was selected to limit the influence of the tissue thickness variability on the 

method’s validity [61,68]. It is important to remember that the extraction of RB was per-

formed on the entire dermatomed skin without separating the epidermis from the dermis. 

Herein, DMSO was employed as lysing solvent, and it is recurrently used in biological 

studies because the solvent quickly penetrates and diffuses through biological membranes 

[69]. Furthermore, DMSO can dissolve the skin lipids or denature skin proteins. It is a very 

efficient solvent due to its intrinsic amphiphilic properties arising from its hydrophilic 

sulfoxide group and two hydrophobic methyl groups [70]. Considering the amphiphilic 

nature of RB, DMSO was considered the best candidate. 

RB’s extraction recovery (ER%) was determined by comparing the concentration of 

different spiked skin samples to the standard solution as a control to understand if the 

technique mentioned above could provide reliable results. The results are displayed in 

Table 5. The RB recovered from dermatomed skin varied from 95.51 ± 2.49% to 97.62 ± 

5.89%; the RSD% values fall within the range of 2.61–6.03%. No statistically significant 

difference between the RB concentration added and the concentration recovered was ob-

served (p-value > 0.05). The recovery was within the 100 ± 10% limit reported in the OECD 

guideline, and RSD% values are below the maximum limit of 15%. These suggest that the 

extraction procedure was highly efficient, consistent, precise and reproducible [71–73]. 

Table 5. Skin extraction recoveries of RB from dermatomed neonatal porcine skin (means ± SD, n = 

4). 

RB Concentration Added (µg/mL) ER% ± SD RSD% 

1 97.18 ± 2.33 2.40 

4 98.05 ± 8.79 8.96 

8 100.82 ± 4.53 4.50 

3.3. Ex Vivo Skin Permeation and Deposition Study 

The analytical and extraction methods were then used to quantify the amount of RB 

permeated into and across dermatomed porcine skin following a 24 h permeation study.  

The intact SC is the primary barrier to drug penetration [1]. To overcome this limita-

tion, a drug that acts within the skin can be formulated in several topical delivery systems, 
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from the most conventional to the most advanced. Conventional formulations include so-

lutions, ointment, gels or creams, whereas newer drug delivery systems utilise nanopar-

ticles and mechanical approaches that reversibly disrupt the SC [74–76]. Despite the range 

of approaches employed to enhance the delivery of therapeutics into the skin, nano-sys-

tems, such as liposomes, remain the most employed in clinics. With these assumptions, 

three types of topical formulations were tested herein: RB aqueous solution (RB-S), RB 

water-based cream (RB-C) and RB transfersome dispersion (RB-TF). Figure 7 reports the 

percentage of RB deposited within the skin and the receiver compartment. 

 

Figure 7. Amount of RB recovered after 24 h of an ex vivo deposition study across dermatomed 

porcine skin (n = 3). (a) Illustration of the total amount of RB detected at the end of the study. (b) 

Focus on the amount of RB detected within the skin layers and in the receptor compartment. **** p-

value < 0.001, and *** p-value < 0.01. 

The percentage of RB deposited into the skin was 83.57 ± 7.52 in the case of RB-S, 

13.86 ± 0.48 in the case of RB-C and 59.07 ± 5.06 per RB-TF. At the same time, the percent-

age of RB permeated into the receiver compartment was 0.28 ± 0.02 and 20.53 ± 4.41 in the 

case of RB-C and RB-TF, respectively. In contrast, RB did not permeate across the skin 

when delivered by RB-S. 

The reported data agrees with the characteristics of the prepared RB-loaded delivery 

system. The poor permeation profile for RB-S may be attributed to the physicochemical 

properties of the drug. The stratum corneum (SC) is the main barrier to the penetration of 

external agents. This is especially true for molecules exceeding 500 Da possessing anionic 

or cationic charges. RB disodium salt is a highly water-soluble amphiphilic drug with two 

anionic charges in the solution and a molecular weight of 1017.64 g/mol. RB aqueous so-

lution (RB-S) did not permeate across the skin, and most of it was deposited into the skin 

tissue. In this investigation, no physical separation of epidermis and dermis was per-

formed; however, RB is likely to accumulate in the epidermal layer without significantly 

reaching the dermis, as demonstrated in our previous work [30,38]. Incorporating RB into 

the aqueous cream (RB-C) led to the lowest deposition and permeation efficacy compared 
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with RB-S and RB-TF. Aqueous creams are oil-in-water emulsions in which the water-

soluble drug typically dissolves in the water phase [74]. The cream is composed of emul-

sifying ointment (30% w/w), soft white paraffin (15% w/w), liquid paraffin (6% w/w) and 

purified water, which is the typical composition for aqueous cream BP [77]. Considering 

RB’s affinity towards lipids, it is likely that RB may interact with the excipients present 

within the cream, cetostearyl alcohol and sodium lauryl sulphate, even post-application 

[46]. Aqueous cream BP is commonly used to manage dry skin by forming an oily layer 

on the top of the skin by decreasing the skin’s water loss via simple occlusion [78]. Based 

on this, we hypothesised that the oily phase of RB-C deposited on the top of the skin is 

responsible for the RB detected in the skin layers. This protective film, which serves as an 

occlusive layer, also mitigates the permeation of RB from the formulation into and across 

the skin following application.  

Formulating RB into TF significantly improved the transdermal delivery of RB. RB-

TF proved to be small unilamellar vesicles (SUV) with an average size of 62.91 ± 6.28 nm, 

a PDI of 0.271 ± 0.045, and a zeta potential of −38.47 ± 0.20 mV [38]. In this investigation, 

the amount of RB deposited into the skin layers following the application of RB-TF was 

considerably lower than RB-S (p-value < 0.001), and the amount permeating the whole 

skin was significantly higher than both RB-S and RB-C (p-value < 0.01). In this regard, TF 

is a liposome-like vesicle first developed by Gregor Cevc to improve the migration 

through the skin compared to its predecessors, the liposomes. In contrast to the rigidity 

of conventional liposomes, the presence of the surfactant within TF’s structure provides 

flexibility to the vesicle and allows TF to squeeze and pass-through skin pores without 

losing its integrity while being driven by the transdermal hydration gradient, ultimately 

improving the delivery efficiency [79]. 

These results remarked that the HPLC-FD method developed in this work could ef-

fectively quantify and elucidate the permeation profile RB across the skin from different 

delivery systems. The sensitivity conferred by the developed method would enable for-

mulators to evaluate which formulation can exhibit the highest delivery efficiency. Such 

a decision would be paramount in moving the formulation into preclinical and clinical 

studies. 

3.4. Multiphoton Microscopy Investigation 

To further evaluate the performance of the RB-loaded dermatological formulations, 

we investigated RB’s distribution within the dermatomed skin by multiphoton micros-

copy. Multiphoton microscopy, such as other fluorescence-based microscopical tech-

niques, utilises the intrinsic fluorescence properties of some molecules in order to investi-

gate the delivery of those molecules within the skin’s layers [49]. Herein, we present the 

micrographs of the skin samples at the end of 24 h of the permeation experiment (Figure 

8). Two types of images are shown for each sample (RB-S, RB-C and RB-TF): the first type 

was acquired as a unidimensional picture of the skin from the top view of the SC, and the 

second type is a 3D visualisation obtained by multiple horizontal scanning of the derma-

tomed skin enabling us to see the entire tissue’s thickness. The pictures illustrate only the 

RB distribution without explicitly showing the skin, which was subtracted by the instru-

ment software. 



Pharmaceutics 2023, 15, 408 16 of 22 
 

 

 

Figure 8. Micrographs of dermatomed skin samples at the end of 24 h permeation study acquired 

by multiphoton microscopy. (a) RB solution (RB-S), stratum corneum; (b) RB-S, 3D visualisation; (c) 

RB-loaded aqueous cream BP (RB-C), stratum corneum; (d) RB-C, 3D visualisation; (e) RB-loaded 

TF dispersion (RB-TF), stratum corneum; and (f) RB-TF, 3D visualisation. 
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The overall thickness of the dermatomed porcine skin is 350 µm of which 83.7 ± 16.6 

μm of this tissue constitute the epidermis while the SC represents 14.8 ± 4.8 μm. Lastly, 

the remaining layers of the dermatomed skin are made up of viable epidermis [38]. Re-

garding RB-S, we hypothesised that the RB preferentially accumulates within the epider-

mis with minimal-to-no transdermal permeation. Figure 8A shows that RB was visible in 

the most superficial layers of the skin, and Figure 8B reports an intense yet not entirely 

homogeneous distribution up to 80–100 μm depth. This depth also reflects the thickness 

of the epidermis. RB-C was the formulation with the deposition of RB into the skin with 

very low transdermal permeation. Figure 8C reports a high and non-uniform distribution 

of RB-C in the outermost skin layer. We previously suggested that the oily phase of RB-C 

was likely to form a film on the skin surface, acting as a barrier to the permeation of RB 

loaded in the water phase. Furthermore, considering that the excipients of the oily phase 

tend to emulsify with the skin components [74], the RB loaded in the oily phase may dif-

fuse through the skin into the dermis and thus result in some degree of, albeit minimal, 

transdermal permeation. This is corroborated by the data presented in Figure 8D, showing 

that the RB staining is less consistent than in Figure 8B,F; its distribution was primarily 

limited in the range of 20–160 μm depth, reaching the dermis. Finally, RB-TF was found 

to enhance the deposition of RB into the skin and augment the compound’s permeation 

into the receptor compartment. Figure 8E proves that RB is visible in the most superficial 

layer, even if the staining is not as intense as in the case of RB-S. On the other side, Figure 

8F shows intense and uniform staining, mainly ranging between 40–220 μm depth; in 

some points, RB is also detectable at the upper 40 μm depth. Hence, RB-TF was primarily 

deposited on the lower epidermis and dermis, which ultimately resulted in the delivery 

of the compound into the receiver fluid. This data, in tandem with results from the newly 

developed HPLC-FD, demonstrates the utility of TF as a novel and potentially versatile 

dermal and transdermal drug delivery system. 

The results discussed here align with the ex vivo permeation and deposition study 

previously commented on, highlighting the suitability of multiphoton microscopy in in-

vestigating drug distribution through the skin. In addition, the imaging capability of this 

technique elegantly complements the quantitative data presented from the HPLC analy-

sis. 

3.5. Examination of the Fluorescence Spectra 

The investigation of the fluorescence emission spectra of RB was carried out to eval-

uate RB’s tendency to interact with the components of various environments, e.g., trans-

fersomal dispersion, aqueous cream and skin (Figure 9). The emission spectra recorded 

highlight how RB’s maximum emission wavelength (λmax) and fluorescence intensity 

(FI) strongly depend on the composition of the environment in which RB is added. Re-

garding the spectra of the formulation themselves, RB-S and RB-C showed the same λmax 

(566.5 nm) and similar FI, 260.1 and 227.4 for RB-S and RB-C, respectively. In the case of 

RB-TF, the λmax was recorded at 551.5 nm with a FI of 480. The similarity of the RB-S and 

RB-C spectra can be attributed to the water-based nature of the RB-C. On the other side, 

RB loading into TF led to a high increase in the FI compared with RB-S and RB-C. The 

enhanced intensity indicates that RB intercalated through the lipid bilayer mainly in its 

monomeric form but not as a dimer, effectively limiting the formation of RB aggregates 

[46]. For this purpose, the aggregation of RB monomers into dimers has been detected in 

RB aqueous solutions at a concentration above 2.0 × 10−6 M, affecting its excitation and 

emission spectra [80]. Different outcomes were reported concerning skin samples spiked 

with RB formulations, as the variances in the emission spectra were much less pro-

nounced. In this case, the values recorded were a λmax 552.5 nm and FI 301.8 for RB-S, a 

λmax 560 nm and FI 329.7 for RB-C and a λmax 588 nm with a FI 403.4 in the case of RB-

TF. We previously reported that DMSO dissolves skin lipids and, simultaneously, the li-

pids constituting the tested formulations [69]. The skin samples, spiked with RB-loaded 

formulations, were all submitted to the same extraction process described in Section 2.5, 
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which employed DMSO as a lysing solvent. We hypothesised that, in this way, the ana-

lysed samples might be similar in composition and molecular bonds, exhibiting similar 

emission spectra. Nevertheless, a difference can still be noticed since the lipid-based for-

mulation, RB-TF, showed a higher intensity signal. 

 

Figure 9. Fluorescence spectra of RB in different environments. (a) RB solution (RB-S), RB-loaded 

aqueous cream BP (RB-C) and RB-TF dispersion. Samples were diluted with PBS, and the auto zero 

was performed using blank PBS. (b) Samples were obtained from skin spiked with RB-S, RB-C and 

RB-TF. The auto zero was performed using a sample obtained from blank skin. 

4. Conclusions 

The study presented describes the fluorescence-based techniques that might be used 

to qualitatively and quantitatively determine RB in the skin. Herein, a sensitive analytical 

method was validated for quantifying RB using the HPLC technique coupled with a flu-

orescence detector for the first time. The analytical method was validated by considering 

the standards proposed by the ICH, FDA and EMA guidelines, and it was demonstrated 

to be specific, precise and accurate. Following topical application, the HPLC method suc-

cessfully assessed RB’s ex vivo from three different delivery systems. In terms of qualita-

tive determination, it was shown that multiphoton microscopy allows for tracking the RB 

distribution within the skin tissue, and the analysis of the fluorescence spectra provides 

crucial complementary information concerning the behaviour of RB under different mi-

lieus. Such an approach may play an essential role in preclinical RB formulation screening, 

representing an effective tool for developing a successful skin-targeted delivery system. 



Pharmaceutics 2023, 15, 408 19 of 22 
 

 

Author Contributions: Conceptualisation, S.D. and Q.K.A.; methodology, Q.K.A., S.D. and F.V.-Z.; 

software, S.D. and Q.K.A.; validation, Q.K.A., S.D., F.V.-Z., H.L.; formal analysis, S.D. and Q.K.A.; 

investigation, Q.K.A., S.D., F.V.-Z. and H.L.; resources, R.F.D.; data curation, S.D., Q.K.A., H.L, 

A.H.B.S.; writing—original draft preparation, S.D., Q.K.A. and A.H.B.S.; writing—review and edit-

ing, S.D., Q.K.A., R.F.D. and E.G.; visualisation, S.D., Q.K.A.; supervision, R.F.D. and E.G.; project 

administration, R.F.D.; funding acquisition, R.F.D. and E.G. All authors have read and agreed to the 

published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement:  The data presented in this study are available on request from the 

corresponding author.  

Acknowledgments: S.D. thanks the Regione Autonoma Sardegna (RAS), Programma Operativo 

F.S.E. 2014–2020, and Asse III-Istruzione e Formazione-Obiettivo tematico 10 for supporting S.D. 

Q.K.A acknowledges Ileana Micu for the assistance with the generation of multiphoton fluorescence 

micrographs. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Demartis, S.; Obinu, A.; Gavini, E.; Giunchedi, P.; Rassu, G. Nanotechnology-Based Rose Bengal: A Broad-Spectrum Biomedical 

Tool. Dyes Pigments 2021, 188, 109236. https://doi.org/10.1016/j.dyepig.2021.109236. 

2. Liu, H.; Innamarato, P.P.; Kodumudi, K.; Weber, A.; Nemoto, S.; Robinson, J.L.; Crago, G.; McCardle, T.; Royster, E.; Sarnaik, 

A.A.; et al. Intralesional Rose Bengal in Melanoma Elicits Tumor Immunity via Activation of Dendritic Cells by the Release of 

High Mobility Group Box 1. Oncotarget 2016, 7, 37893–37905. https://doi.org/10.18632/oncotarget.9247. 

3. Zamani Taghizadeh Rabe, S.; Mousavi, S.H.; Tabasi, N.; Rastin, M.; Zamani Taghizadeh Rabe, S.; Siadat, Z.; Mahmoudi, M. Rose 

Bengal Suppresses Gastric Cancer Cell Proliferation via Apoptosis and Inhibits Nitric Oxide Formation in Macrophages. J. 

Immunotoxicol. 2014, 11, 367–375. https://doi.org/10.3109/1547691X.2013.853715. 

4. Qin, J.; Kunda, N.; Qiao, G.; Calata, J.F.; Pardiwala, K.; Prabhakar, B.S.; Maker, A.V. Colon Cancer Cell Treatment with Rose 

Bengal Generates a Protective Immune Response via Immunogenic Cell Death. Cell Death Dis. 2017, 8, e2584–e2584. 

https://doi.org/10.1038/cddis.2016.473. 

5. Koevary, S.B. Selective Toxicity of Rose Bengal to Ovarian Cancer Cells in Vitro. Int. J. Physiol. Pathophysiol. Pharmacol. 2012, 4, 

99–107, doi:www.ijppp.org /ISSN:1944-8171/IJPPP1206002. 

6. Mousavi, S.H.; Tavakkol-Afshari, J.; Brook, A.; Jafari-Anarkooli, I. Direct Toxicity of Rose Bengal in MCF-7 Cell Line: Role of 

Apoptosis. Food Chem. Toxicol. 2009, 47, 855–859. https://doi.org/10.1016/j.fct.2009.01.018. 

7. Kurosu, M.; Mitachi, K.; Yang, J.; Pershing, E.V.; Horowitz, B.D.; Wachter, E.A.; Lacey, J.W.; Ji, Y.; Rodrigues, D.J. Antibacterial 

Activity of Pharmaceutical-Grade Rose Bengal: An Application of a Synthetic Dye in Antibacterial Therapies. Molecules 2022, 

27, 322. https://doi.org/10.3390/molecules27010322. 

8. Slivinschi, B.; Manai, F.; Martinelli, C.; Carriero, F.; D’Amato, C.; Massarotti, M.; Bresciani, G.; Casali, C.; Milanesi, G.; Artal, L.; 

et al. Enhanced Delivery of Rose Bengal by Amino Acids Starvation and Exosomes Inhibition in Human Astrocytoma Cells to 

Potentiate Anticancer Photodynamic Therapy Effects. Cells 2022, 11, 2502. https://doi.org/10.3390/cells11162502. 

9. Amescua, G.; Arboleda, A.; Nikpoor, N.; Durkee, H.; Relhan, N.; Aguilar, M.C.; Flynn, H.W.; Miller, D.; Parel, J.-M. Rose Bengal 

Photodynamic Antimicrobial Therapy: A Novel Treatment for Resistant Fusarium Keratitis. Cornea 2017, 36, 1141–1144. 

https://doi.org/10.1097/ICO.0000000000001265. 

10. Dhillon, S.K.; Porter, S.L.; Rizk, N.; Sheng, Y.; McKaig, T.; Burnett, K.; White, B.; Nesbitt, H.; Matin, R.N.; McHale, A.P.; et al. 

Rose Bengal–Amphiphilic Peptide Conjugate for Enhanced Photodynamic Therapy of Malignant Melanoma. J. Med. Chem. 2020, 

63, 1328–1336. https://doi.org/10.1021/acs.jmedchem.9b01802. 

11. Hirose, M.; Yoshida, Y.; Horii, K.; Hasegawa, Y.; Shibuya, Y. Efficacy of Antimicrobial Photodynamic Therapy with Rose Bengal 

and Blue Light against Cariogenic Bacteria. Arch. Oral Biol. 2021, 122, 105024. https://doi.org/10.1016/j.archoralbio.2020.105024. 

12. Osuchowski, M.; Aebisher, D.; Bartusik-Aebisher, D.; Krupka-Olek, M.; Dynarowicz, K.; Przygoda, M.; Kawczyk-Krupka, A. 

Photodynamic Therapy-Adjunctive Therapy in the Treatment of Prostate Cancer. Diagnostics 2022, 12, 1113. 

https://doi.org/10.3390/diagnostics12051113. 

13. Nakonechny, F.; Nisnevitch, M.; Nitzan, Y.; Nisnevitch, M. Sonodynamic Excitation of Rose Bengal for Eradication of Gram-

Positive and Gram-Negative Bacteria. BioMed Res. Int. 2013, 2013, 684930. https://doi.org/10.1155/2013/684930. 

14. Çalışkan, S.Ö.; Aslan, C.; Duran, Ö.F.; Kaya, İ.; Özen, H. In Vitro Evaluation of the Effect of Sonodynamic Therapy Using Rose 

Bengal on Leishmania Tropica Promastigotes’. Turk. J. Parasitol. 2022, 46, 172–179. https://doi.org/10.4274/tpd.galenos.2022.40412. 



Pharmaceutics 2023, 15, 408 20 of 22 
 

 

15. Chen, H.-J.; Zhou, X.-B.; Wang, A.-L.; Zheng, B.-Y.; Yeh, C.-K.; Huang, J.-D. Synthesis and Biological Characterization of Novel 

Rose Bengal Derivatives with Improved Amphiphilicity for Sono-Photodynamic Therapy. Eur. J. Med. Chem. 2018, 145, 86–95. 

https://doi.org/10.1016/j.ejmech.2017.12.091. 

16. Mousavi, H.; Zhang, X.; Gillespie, S.; Wachter, E.; Hersey, P. Rose Bengal Induces Dual Modes of Cell Death in Melanoma Cells 

and Has Clinical Activity against Melanoma. Melanoma Res. 2006, 16, S8. Available online: 

https://journals.lww.com/melanomaresearch/toc/2006/09001 (accessed on 15 October 2022). 

17. Srivastav, A.K.; Mujtaba, S.F.; Dwivedi, A.; Amar, S.K.; Goyal, S.; Verma, A.; Kushwaha, H.N.; Chaturvedi, R.K.; Ray, R.S. 

Photosensitized Rose Bengal-Induced Phototoxicity on Human Melanoma Cell Line under Natural Sunlight Exposure. J. 

Photochem. Photobiol. B 2016, 156, 87–99. https://doi.org/10.1016/j.jphotobiol.2015.12.001. 

18. Thompson, J.F.; Hersey, P.; Wachter, E. Chemoablation of Metastatic Melanoma Using Intralesional Rose Bengal: Melanoma Res. 

2008, 18, 405–411. https://doi.org/10.1097/CMR.0b013e32831328c7. 

19. Wiener, M.; Damian, D.L.; Thompson, J.F. Systemic Phototoxicity Following Intralesional Rose Bengal for Subcutaneous 

Melanoma Metastases. Dermatology 2008, 216, 361–362. https://doi.org/10.1159/000117707. 

20. Alvarez-López, C.; Aguirre-Soto, A. A Review on Light-Initiated Crosslinking of Biomaterials Stained with Rose Bengal for 

“Nanosuturing” Macromolecular Interfaces. Mater. Today Proc. 2022, 48, 56–65. https://doi.org/10.1016/j.matpr.2020.10.159. 

21. Redmond, R.W.; Kochevar, I.E. Medical Applications of Rose Bengal‐ and Riboflavin‐Photosensitized Protein Crosslinking. 

Photochem. Photobiol. 2019, 95, 1097–1115. https://doi.org/10.1111/php.13126. 

22. Rosales-Rojas, R.; Zuñiga-Bustos, M.; Salas-Sepúlveda, F.; Galaz-Araya, C.; Zamora, R.A.; Poblete, H. Self-Organization 

Dynamics of Collagen-like Peptides Crosslinking Is Driven by Rose-Bengal-Mediated Electrostatic Bridges. Pharmaceutics 2022, 

14, 1148. https://doi.org/10.3390/pharmaceutics14061148. 

23. Samy, N.; Fadel, M. Topical Liposomal Rose Bengal for Photodynamic White Hair Removal: Randomized, Controlled, Double-

Blind Study. J. Drugs Dermatol. JDD 2014, 13, 436–442. 

24. Fadel, M.; Fadeel, D.A.; Tawfik, A.; El-Kholy, A.I.; Mosaad, Y.O. Rose Bengal-Gold-Polypyrrole Nanoparticles as a 

Photothermal/Photodynamic Dual Treatment of Recalcitrant Plantar Warts: Animal and Clinical Study. J. Drug Deliv. Sci. 

Technol. 2022, 69, 103095. https://doi.org/10.1016/j.jddst.2022.103095. 

25. Pérez-Laguna, V.; García-Luque, I.; Ballesta, S.; Pérez-Artiaga, L.; Lampaya-Pérez, V.; Samper, S.; Soria-Lozano, P.; Rezusta, A.; 

Gilaberte, Y. Antimicrobial Photodynamic Activity of Rose Bengal, Alone or in Combination with Gentamicin, against 

Planktonic and Biofilm Staphylococcus Aureus. Photodiagn. Photodyn. Ther. 2018, 21, 211–216. 

https://doi.org/10.1016/j.pdpdt.2017.11.012. 

26. Hung, J.-H.; Lee, C.-N.; Hsu, H.-W.; Ng, I.-S.; Wu, C.-J.; Yu, C.-K.; Lee, N.-Y.; Chang, Y.; Wong, T.-W. Recent Advances in 

Photodynamic Therapy against Fungal Keratitis. Pharmaceutics 2021, 13, 2011. https://doi.org/10.3390/pharmaceutics13122011. 

27. Houang, J.; Halliday, C.; Chen, S.; Ho, C.; Bekmukhametova, A.; Lauto, A. Effective Photodynamic Treatment of Trichophyton 

Species with Rose Bengal. J. Biophotonics 2021, 14, e202000340. https://doi.org/10.1002/jbio.202000340. 

28. Dhaini, B.; Wagner, L.; Moinard, M.; Daouk, J.; Arnoux, P.; Schohn, H.; Schneller, P.; Acherar, S.; Hamieh, T.; Frochot, C. 

Importance of Rose Bengal Loaded with Nanoparticles for Anti-Cancer Photodynamic Therapy. Pharmaceuticals 2022, 15, 1093. 

https://doi.org/10.3390/ph15091093. 

29. Ali, M.F.M. Topical Delivery and Photodynamic Evaluation of a Multivesicular Liposomal Rose Bengal. Lasers Med. Sci. 2011, 

26, 267–275. 

30. Demartis, S.; Rassu, G.; Murgia, S.; Casula, L.; Giunchedi, P.; Gavini, E. Improving Dermal Delivery of Rose Bengal by 

Deformable Lipid Nanovesicles for Topical Treatment of Melanoma. Mol. Pharm. 2021, 18, 4046–4057. 

https://doi.org/10.1021/acs.molpharmaceut.1c00468. 

31. da Silva Souza Campanholi, K.; Combuca da Silva Junior, R.; Cazelatto da Silva, I.; Said dos Santos, R.; Vecchi, C.F.; Bruschi, 

M.L.; Soares dos Santos Pozza, M.; Vizioli de Castro-Hoshino, L.; Baesso, M.L.; Hioka, N.; et al. Stimulus-Responsive 

Phototherapeutic Micellar Platform of Rose Bengal B: A New Perspective for the Treatment of Wounds. J. Drug Deliv. Sci. Technol. 

2021, 66, 102739. https://doi.org/10.1016/j.jddst.2021.102739. 

32. Forouz, F.; Dabbaghi, M.; Namjoshi, S.; Mohammed, Y.; Roberts, M.S.; Grice, J.E. Development of an Oil-in-Water Self-

Emulsifying Microemulsion for Cutaneous Delivery of Rose Bengal: Investigation of Anti-Melanoma Properties. Pharmaceutics 

2020, 12, 947. https://doi.org/10.3390/pharmaceutics12100947. 

33. Li, Y.; Wang, J.; Yang, Y.; Shi, J.; Zhang, H.; Yao, X.; Chen, W.; Zhang, X. A Rose Bengal/Graphene Oxide/PVA Hybrid Hydrogel 

with Enhanced Mechanical Properties and Light-Triggered Antibacterial Activity for Wound Treatment. Mater. Sci. Eng. C 2021, 

118, 111447. https://doi.org/10.1016/j.msec.2020.111447. 

34. Dhal, S.; Verma, P.; Mishra, M.; Giri, S. Oleogel-Mediated Transdermal Delivery of White Emitting NaYF4 Conjugated with 

Rose Bengal for the Generation of Reactive Oxygen Species through NIR-Upconversion. Colloids Surf. B Biointerfaces 2020, 190, 

110945. 

35. Han, S.; Hwang, B.W.; Jeon, E.Y.; Jung, D.; Lee, G.H.; Keum, D.H.; Kim, K.S.; Yun, S.H.; Cha, H.J.; Hahn, S.K. Upconversion 

Nanoparticles/Hyaluronate–Rose Bengal Conjugate Complex for Noninvasive Photochemical Tissue Bonding. ACS Nano 2017, 

11, 9979–9988. 

36. Gurianov, Y.; Meistelman, M.; Albo, Y.; Nisnevitch, M.; Nakonechny, F. Antibacterial Activity of Rose Bengal Entrapped in 

Organically Modified Silica Matrices. Int. J. Mol. Sci. 2022, 23, 3716. https://doi.org/10.3390/ijms23073716. 



Pharmaceutics 2023, 15, 408 21 of 22 
 

 

37. Gianotti, E.; Martins Estevão, B.; Cucinotta, F.; Hioka, N.; Rizzi, M.; Renò, F.; Marchese, L. An Efficient Rose Bengal Based 

Nanoplatform for Photodynamic Therapy. Chem. Eur. J. 2014, 20, 10921–10925. https://doi.org/10.1002/chem.201404296. 

38. Demartis, S.; Anjani, Q.K.; Volpe-Zanutto, F.; Paredes, A.J.; Jahan, S.A.; Vora, L.K.; Donnelly, R.F.; Gavini, E. Trilayer Dissolving 

Polymeric Microneedle Array Loading Rose Bengal Transfersomes as a Novel Adjuvant in Early-Stage Cutaneous Melanoma 

Management. Int. J. Pharm. 2022, 627, 122217. https://doi.org/10.1016/j.ijpharm.2022.122217. 

39. Rauf, M.A.; Graham, J.P.; Bukallah, S.B.; Al-Saedi, M.A.S. Solvatochromic Behavior on the Absorption and Fluorescence Spectra 

of Rose Bengal Dye in Various Solvents. Spectrochim. Acta. A. Mol. Biomol. Spectrosc. 2009, 72, 133–137. 

https://doi.org/10.1016/j.saa.2008.08.018. 

40. Abdul Mannan; Akther Jamal Khan; Mahwish Khan; Ghulam Abass; Sayyad Roohullah; Zahid Khan A Validated RP-HPLC 

Method for Determination of Rose Bengal in Bulk and Surgical Strips. RADS J. Pharm. Pharm. Sci. 2018, 6, 185–189. 

41. Egil, A.C.; Carmignani, A.; Battaglini, M.; Sengul, B.S.; Acar, E.; Ciofani, G.; Ozaydin Ince, G. Dual Stimuli-Responsive 

Nanocarriers via a Facile Batch Emulsion Method for Controlled Release of Rose Bengal. J. Drug Deliv. Sci. Technol. 2022, 74, 

103547. https://doi.org/10.1016/j.jddst.2022.103547. 

42. Karthikeyan, K.; Babu, A.; Kim, S.-J.; Murugesan, R.; Jeyasubramanian, K. Enhanced Photodynamic Efficacy and Efficient 

Delivery of Rose Bengal Using Nanostructured Poly(Amidoamine) Dendrimers: Potential Application in Photodynamic 

Therapy of Cancer. Cancer Nanotechnol. 2011, 2, 95–103. https://doi.org/10.1007/s12645-011-0019-3. 

43. Sztandera, K.; Gorzkiewicz, M.; Wang, X.; Boye, S.; Appelhans, D.; Klajnert-Maculewicz, B. PH-Stable Polymersome as 

Nanocarrier for Post-Loaded Rose Bengal in Photodynamic Therapy. Colloids Surf. B Biointerfaces 2022, 217, 112662. 

https://doi.org/10.1016/j.colsurfb.2022.112662. 

44. Gao, Y.; Li, Z.; Wang, C.; You, J.; Jin, B.; Mo, F.; Chen, J.; Zheng, Y.; Chen, H. Self-Assembled Chitosan/Rose Bengal Derivative 

Nanoparticles for Targeted Sonodynamic Therapy: Preparation and Tumor Accumulation. RSC Adv. 2015, 5, 17915–17923. 

https://doi.org/10.1039/C4RA15347B. 

45. Repert, S.; Matthes, S.; Rozhon, W. Quantification of Arbutin in Cosmetics, Drugs and Food Supplements by Hydrophilic-

Interaction Chromatography. Molecules 2022, 27, 5673. https://doi.org/10.3390/molecules27175673. 

46. Chang, C.-C.; Yang, Y.-T.; Yang, J.-C.; Wu, H.-D.; Tsai, T. Absorption and Emission Spectral Shifts of Rose Bengal Associated 

with DMPC Liposomes. Dyes Pigments 2008, 79, 170–175. https://doi.org/10.1016/j.dyepig.2008.02.003. 

47. El-Bashir, S.M.; Yahia, I.S.; Binhussain, M.A.; AlSalhi, M.S. Designing of PVA/Rose Bengal Long-Pass Optical Window 

Applications. Results Phys. 2017, 7, 1238–1244. https://doi.org/10.1016/j.rinp.2017.03.033. 

48. Logoyda, L.; Kovalenko, S.; Abdel-Megied, A.M.; Zhulkevych, I.; Drapak, I.; Demchuk, I.; Netsyuk, O. HPLC Method 

Development for the Analysis of Bisoprolol in Combined Dosage Form Containing Bisoprolol and Enalapril and in Vitro 

Dissolution Studied. Int. J. Appl. Pharm. 2019, 11, 196–194. https://doi.org/10.22159/IJAP.2019V11I3.32391. 

49. Alhibah, M.; Kröger, M.; Schanzer, S.; Busch, L.; Lademann, J.; Beckers, I.; Meinke, M.C.; Darvin, M.E. Penetration Depth of 

Propylene Glycol, Sodium Fluorescein and Nile Red into the Skin Using Non-Invasive Two-Photon Excited FLIM. Pharmaceutics 

2022, 14, 1790. https://doi.org/10.3390/pharmaceutics14091790. 

50. Mangion, S.E.; Sandiford, L.; Mohammed, Y.; Roberts, M.S.; Holmes, A.M. Multi-Modal Imaging to Assess the Follicular 

Delivery of Zinc Pyrithione. Pharmaceutics 2022, 14, 1076. https://doi.org/10.3390/pharmaceutics14051076. 

51. Wachter, E.A.; Dees, C.; Harkins, J.; Fisher, W.G.; Scott, T. Functional Imaging of Photosensitizers Using Multiphoton 

Microscopy. In Multiphoton Microscopy in the Biomedical Sciences II; SPIE: San Jose, CA, USA, 2002; Volume 4620, pp. 143–147. 

52. Wachter, E.A.; Dees, C.; Harkins, J.; Fisher, W.G.; Scott, T. Imaging Photosensitizer Distribution and Pharmacology Using 

Multiphoton Microscopy. In Optical Diagnostics of Living Cells V; Farkas, D.L., Leif, R.C., Eds.; SPIE: San Jose, CA, USA, 2002; pp. 

112–118. https://doi.org/10.1117/12.468334. 

53. ICH International Council on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use. 

2005. Available online: https://doi.org/10.1016/B978-0-12-386454-3.00861-7 (accessed on 10 October 2022).  

54. Administration, F. A. D. Bioanalytical Method Validation Guidance for Industry. 2018. Available online: 

https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf (accessed on 10 

October 2022).  

55. EMA. Bioanalytical Method Validation—Scientific Guideline. European Medicines Agency. 2018. Available online: 

https://www.ema.europa.eu/en/bioanalytical-method-validation-scientific-guideline (accessed on 21 December 2022). 

56. Anjani, Q.K.; Sabri, A.H.B.; Moreno-Castellanos, N.; Utomo, E.; Cárcamo-Martínez, Á.; Domínguez-Robles, J.; Wardoyo, L.A.H.; 

Donnelly, R.F. Soluplus®-Based Dissolving Microarray Patches Loaded with Colchicine: Towards a Minimally Invasive 

Treatment and Management of Gout. Biomater. Sci. 2022, 10, 5838–5855. https://doi.org/10.1039/D2BM01068B. 

57. Anjani, Q.K.; Sabri, A.H.B.; Domínguez-Robles, J.; Moreno-Castellanos, N.; Utomo, E.; Wardoyo, L.A.H.; Larrañeta, E.; Donnelly, 

R.F. Metronidazole Nanosuspension Loaded Dissolving Microarray Patches: An Engineered Composite Pharmaceutical System 

for the Treatment of Skin and Soft Tissue Infection. Biomater. Adv. 2022, 140, 213073. https://doi.org/10.1016/j.bioadv.2022.213073. 

58. Kang, J.-H.; Chon, J.; Kim, Y.-I.; Lee, H.-J.; Oh, D.-W.; Lee, H.-G.; Han, C.-S.; Kim, D.-W.; Park, C.-W. Preparation and Evaluation 

of Tacrolimus-Loaded Thermosensitive Solid Lipid Nanoparticles for Improved Dermal Distribution. Int. J. Nanomed. 2019, 14, 

5381–5396. https://doi.org/10.2147/IJN.S215153. 

59. Anjani, Q.K.; Sabri, A.H.B.; Utomo, E.; Domínguez-Robles, J.; Donnelly, R.F. Elucidating the Impact of Surfactants on the 

Performance of Dissolving Microneedle Array Patches. Mol. Pharm. 2022, 19, 1191–1208. 

https://doi.org/10.1021/ACS.MOLPHARMACEUT.1C00988. 



Pharmaceutics 2023, 15, 408 22 of 22 
 

 

60. Demurtas, A.; Pescina, S.; Nicoli, S.; Santi, P.; Ribeiro de Araujo, D.; Padula, C. Validation of a HPLC-UV Method for the 

Quantification of Budesonide in Skin Layers. J. Chromatogr. B 2021, 1164, 122512. https://doi.org/10.1016/j.jchromb.2020.122512. 

61. Roseboom, I.C.; Rosing, H.; Beijnen, J.H.; Dorlo, T.P.C. Skin Tissue Sample Collection, Sample Homogenization, and Analyte 

Extraction Strategies for Liquid Chromatographic Mass Spectrometry Quantification of Pharmaceutical Compounds. J. Pharm. 

Biomed. Anal. 2020, 191, 113590. https://doi.org/10.1016/j.jpba.2020.113590. 

62. Hill, A.P.; Young, R.J. Getting Physical in Drug Discovery: A Contemporary Perspective on Solubility and Hydrophobicity. 

Drug Discov. Today 2010, 15, 648–655. https://doi.org/10.1016/j.drudis.2010.05.016. 

63. Ramöller, I.K.; Abbate, M.T.A.; Vora, L.K.; Hutton, A.R.J.; Peng, K.; Volpe-Zanutto, F.; Tekko, I.A.; Moffatt, K.; Paredes, A.J.; 

McCarthy, H.O.; et al. HPLC-MS Method for Simultaneous Quantification of the Antiretroviral Agents Rilpivirine and 

Cabotegravir in Rat Plasma and Tissues. J. Pharm. Biomed. Anal. 2022, 213, 114698. https://doi.org/10.1016/j.jpba.2022.114698. 

64. Donnelly, R.F.; McCarron, P.A.; Zawislak, A.A.; David Woolfson, A. Design and Physicochemical Characterisation of a 

Bioadhesive Patch for Dose-Controlled Topical Delivery of Imiquimod. Int. J. Pharm. 2006, 307, 318–325. 

https://doi.org/10.1016/j.ijpharm.2005.10.023. 

65. Yamaguchi, Y.; Matsubara, Y.; Ochi, T.; Wakamiya, T.; Yoshida, Z. How the π Conjugation Length Affects the Fluorescence 

Emission Efficiency. J. Am. Chem. Soc. 2008, 130, 13867–13869. https://doi.org/10.1021/ja8040493. 

66. González, O.; Blanco, M.E.; Iriarte, G.; Bartolomé, L.; Maguregui, M.I.; Alonso, R.M. Bioanalytical Chromatographic Method 

Validation According to Current Regulations, with a Special Focus on the Non-Well Defined Parameters Limit of Quantification, 

Robustness and Matrix Effect. J. Chromatogr. A 2014, 1353, 10–27. https://doi.org/10.1016/j.chroma.2014.03.077. 

67. Anjani, Q.K.; Utomo, E.; Domínguez-Robles, J.; Detamornrat, U.; Donnelly, R.F.; Larrañeta, E. A New and Sensitive HPLC-UV 

Method for Rapid and Simultaneous Quantification of Curcumin and D-Panthenol: Application to In Vitro Release Studies of 

Wound Dressings. Molecules 2022, 27, 1759. https://doi.org/10.3390/MOLECULES27061759. 

68. Wilkinson, S.C.; Maas, W.J.M.; Nielsen, J.B.; Greaves, L.C.; van de Sandt, J.J.M.; Williams, F.M. Interactions of Skin Thickness 

and Physicochemical Properties of Test Compounds in Percutaneous Penetration Studies. Int. Arch. Occup. Environ. Health 2006, 

79, 405–413. https://doi.org/10.1007/s00420-005-0056-5. 

69. Pielesz, A.; Gawłowski, A.; Biniaś, D.; Bobiński, R.; Kawecki, M.; Klama-Baryła, A.; Kitala, D.; Łabuś, W.; Glik, J.; Paluch, J. The 

Role of Dimethyl Sulfoxide (DMSO) in Ex-Vivo Examination of Human Skin Burn Injury Treatment. Spectrochim. Acta. A. Mol. 

Biomol. Spectrosc. 2018, 196, 344–352. https://doi.org/10.1016/j.saa.2018.02.035. 

70. Otterbach, A.; Lamprecht, A. Enhanced Skin Permeation of Estradiol by Dimethyl Sulfoxide Containing Transdermal Patches. 

Pharmaceutics 2021, 13, 320. https://doi.org/10.3390/pharmaceutics13030320. 

71. OECD. Test No. 428: Skin Absorption: In Vitro Method; OECD Guidelines for the Testing of Chemicals, Section 4; OECD: Paris, 

France, 2004; ISBN 978-92-64-07108-7. https://doi.org/10.1787/9789264071087-en. 

72. Permana, A.D.; Wahyudin, E.; Ismail; Amir, M.N.; Raihan, Muh.; Anjani, Q.K.; Utomo, E.; Layadi, P.; Donnelly, R.F. New and 

Sensitive HPLC-UV Method for Concomitant Quantification of a Combination of Antifilariasis Drugs in Rat Plasma and Organs 

after Simultaneous Oral Administration. Anal. Methods 2021, 13, 933–945. https://doi.org/10.1039/D0AY02258F. 

73. Anjani, Q.K.; Bin Sabri, A.H.; Donnelly, R.F. Development and Validation of Simple and Sensitive HPLC-UV Method for 

Ethambutol Hydrochloride Detection Following Transdermal Application. Anal. Methods 2022, 14, 125–134. 

https://doi.org/10.1039/D1AY01414E. 

74. Barnes, T.M.; Mijaljica, D.; Townley, J.P.; Spada, F.; Harrison, I.P. Vehicles for Drug Delivery and Cosmetic Moisturizers: Review 

and Comparison. Pharmaceutics 2021, 13, 2012. https://doi.org/10.3390/pharmaceutics13122012. 

75. Alany, R. Topical and Transdermal Formulation and Drug Delivery. Pharm. Dev. Technol. 2017, 22, 457–457. 

https://doi.org/10.1080/10837450.2017.1310175. 

76. Alkilani, A.Z.; Nasereddin, J.; Hamed, R.; Nimrawi, S.; Hussein, G.; Abo-Zour, H.; Donnelly, R.F. Beneath the Skin: A Review 

of Current Trends and Future Prospects of Transdermal Drug Delivery Systems. Pharmaceutics 2022, 14, 1152. 

https://doi.org/10.3390/pharmaceutics14061152. 

77. Aqueous Cream BP. Summary of Product Characteristics Updated 12-Sep-2019|Thornton & Ross Ltd. Available online: 

https://www.medicines.org.uk/emc/product/4820/smpc#gref (accessed on 15 October 2022). 

78. MHRA UK Public Assessment Report. Aqueous Cream: Contains Sodium Lauryl Sulfate Which May Cause Skin Reactions, 

Particularly in Children with Eczema. Available online: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/852382/Aqueous_cream_c

ontains_sodium_lauryl_sulfate_which_may_cause_skin_reactions__particularly_in_children_with_eczema.pdf (accessed on 

15 October 2022). 

79. El Maghraby, G.M.M.; Williams, A.C.; Barry, B.W. Can Drug-Bearing Liposomes Penetrate Intact Skin? J. Pharm. Pharmacol. 2010, 

58, 415–429. https://doi.org/10.1211/jpp.58.4.0001. 

80. Xu, D.; Neckers, D.C. Aggregation of Rose Bengal Molecules in Solution. J. Photochem. Photobiol. Chem. 1987, 40, 361–370. 

https://doi.org/10.1016/1010-6030(87)85013-X. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Instrumentation and Chromatographic Conditions
	2.3. Standard Stock, Working Solution and Calibration Standards
	2.4. Validation Process
	2.4.1. HPLC UV-Vis Method Validation
	2.4.2. HPLC-FLD Method Validation
	Specificity
	Linearity, LOD and LLOQ
	Inter-Day and Intra-Day Accuracy and Precision
	Carry-Over
	Dilution Integrity


	2.5. Skin Extraction Recovery
	2.6. Preparation of RB Aqueous Solution, RB-Loaded Cream and RB-Loaded Transfersomes
	2.7. Ex Vivo Skin Permeation and Deposition Study
	2.8. Multiphoton Microscopy Investigation
	2.9. Examination of the Fluorescence Spectra
	2.10. Statistical Analysis

	3. Results and Discussion
	3.1. HPLC Analytical Method
	3.1.1. Analytical Method Optimisation
	3.1.2. Specificity of the HPLC-FLD Method
	3.1.3. Accuracy and Precision of the FLD-HPLC Method
	3.1.4. Carry-Over
	3.1.5. Dilution Integrity

	3.2. Skin Extraction Recovery
	3.3. Ex Vivo Skin Permeation and Deposition Study
	3.4. Multiphoton Microscopy Investigation
	3.5. Examination of the Fluorescence Spectra

	4. Conclusions
	References

