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ABSTRACT

Copytight © 2024 The Author(s); Background: In topical preparations, four herbal compounds, namely mangiferin (MF),
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resveratrol (RV), silybin (SB), and curcumin (CR) need to be quantified quickly and accurately.

creativecommons.org/licenses/by- = Objective: This study utilizes a Franz diffusion cell setup to evaluate the suitability of
nc40legalcodecn), which permits e, reversed-phase ultra-fast liquid chromatography (UFLC) for assessing MF, RV, SB, and CR
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properly cited and is not used for commercial o . X
purposes. : Methods: A C-18 column (250x4.6 mm, 5 um) was used at 40 “C for chromatographic

separation. The mobile phase, a gradient of acetonitrile and 0.1% formic acid in high-

performance liquid chromatography (HPLC) grade water was pumped at a rate of 1 mL

:  per min. A 20 pL sample was loaded, and analytes were accessed using a photodiode array

Article info: :  (PDA) detector. The method validation included selectivity, linearity (2-20 pug/mL), accuracy,
Received: 23 Mar 2024 precision, robustness, and sensitivity. The method’s run time was 20 min.

Accepted: 17 May 2024 Results: The UFLC method was selective for the given compounds, and over the

concentration range of 2-20 pg/mL, the method’s linearity was demonstrated with a
correlation coefficient >0.99. Additionally, it was accurate, precise, robust, and sensitive,
with a total run time of 20 min.

Conclusion: The validated reversed-phase UFLC method meets the highlighted need for

Keywords: :  accurate and quick measurement of MF, RV, SB, and CR in topical formulations. Its effective
Drug release, Psoriasis, . validation and application in researching drug features using a Franz diffusion cell apparatus
Liquid chromatograph, :  makeitan important analytical tool in pharmaceutical research, ensuring precise drug content,
Hydrogels, Herbals ¢ homogeneity, and release properties in topical formulations.

Shaik B, Swain B, Maddi EG, Maddi S. Novel RP-UFLC Methodology for Concurrent Assessment of Curcumin, Resveratrol, Silybin,
and Mangiferin From Topical Hydrogels. Pharmaceutical and Biomedical Research. 2024; 10(4):303-318. http://dx.doi.org/10.32598/PBR.10.4.1280.1

http://dx.doi.org/10.32598/PBR.10.4.1280.1



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0000-0003-1129-9709
https://orcid.org/0000-0003-4401-2735
https://orcid.org/0000-0001-7712-2303
https://orcid.org/0000-0002-7280-4900
http://pbr.mazums.ac.ir/
http://pbr.mazums.ac.ir/
http://dx.doi.org/10.32598/PBR.10.4.1280.1
https://crossmark.crossref.org/dialog/?doi=10.32598/PBR.10.4.1280.1
http://pbr.mazums.ac.ir/page/118/Open-Access-Policy

December 2024. Volume 10. Number 4

Introduction

angiferin (MF), resveratrol (RV), si-

lybin (SB), and curcumin (CR) are

bioactive compounds found in vari-

ous plant sources (Mangifera indica

L., Vitis vinifera, Silybum marianum,

and Curcuma longa, respectively)
that have been thoroughly researched for their possible
health advantages. These substances have neuroprotec-
tive, anti-inflammatory, anticancer, and antioxidant qual-
ities. In terms of its pharmacokinetic properties, these
compounds are well tolerated at higher concentrations
but they have relatively less bioavailability, which may
have been due to poor solubility, low absorption, rapid
metabolism, and excretion [1, 2].

The chemical structures are as follows: MF (2-b-D-
glucopyranosyl-1,3,6,7-tetrahydroxyxanthone), RV
(trans-1,2-(3,4,5-trihydroxydiphenyl)ethylene,3,4,5-
trihydroxy-trans-stilbene), SB (2R,35)-3,5,7-tri-
hydroxy-2-[3-(4-hydroxy-3-methoxyphenyl)-
2-(hydroxymethyl)-2,3-dihydro-1,4-benzodi-
oxin-6-yl]-2,3-dihydrochromen-4-one), and CR
(E,E)-1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-hep-
tadiene-3,5-dione. These structures are shown in Fig-
ure S1. Additionally, S. marianum fruits are used for
the production of milk in mothers, the treatment of
liver dysfunctions, gallbladder disorders, and hepato-
protective; meanwhile, it was officially classified by
the World Health Organization (WHO) in the 1970s [3].
Additionally, the Food and Drug Administration (FDA)
has approved CR as safe. In animal studies, CR has been
shown to have anti-inflammatory effects and to reduce
skin psoriasis when applied topically as a 1% gel con-
taining CR [4].

Various techniques for analyzing the MF, RV, SB, and
CR both alone and in conjunction with other medica-
tions have been documented in the literature. The litera-
ture survey indicates that there is currently no existing
ultra-fast liquid chromatography (UFLC) technique for
the simultaneous estimation of MF, RV, SB, and CR with
an internal standard (IS). Consequently, the authors pos-
ited that the combined effect of these compounds could
be beneficial in managing psoriasis. Accordingly, the
current research is designed to develop a novel hydro-
gel, and a simple, cost-effective, accurate, precise, and
validated UFLC method for the quantitative analysis of
all samples. There was no marketed formulation combi-
nation of MF, RV, SB, and CR in hydrogel or any other
dosage form used in medicine. As a result, a fixed-dose
combination of hydrogel formulation was developed in
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the laboratory for the enhancement of topical bioavail-
ability. The formulation incorporated poly-herbal com-
pounds to minimize the complications associated with
allopathic medicines. Herbal remedies have become in-
creasingly popular for treating skin conditions.

Materials and Methods

Chemicals, solvents and reagents

MF (97%, CAS: 4773-96-0), RV (99%, CAS: 501-
36-0), SB (98%, CAS: 36804-17-8), and CR (natural,
CAS: 458-37-7) were purchased from Tokyo Chemi-
cal Industry Pvt. Ltd. (Hyderabad, India). Methanol and
high-performance liquid chromatography (HPLC)-grade
acetonitrile (ACN) were acquired from Merck Life Sci-
ence Pvt. Ltd., and propylene glycol was purchased from
Sigma-Aldrich Chemicals Pvt. Ltd. (Bengaluru, India).
Formic acid, carbopol-940, and tri-ethylamine were
purchased from Fisher Chemicals. Every chemical and
reagent utilized in the investigation was of the highest
caliber and purity.

Study instrumentation

An autosampler-mediated (SIL-20AC HT) UFLC
(Shimadzu, Japan) equipped with a pump (LC-20AD),
and a photodiode array (PDA) detection system (SPD-
M20A) was utilized for the chromatographic separation.
The oven (CTO-10AS VP), which can hold columns
inside the chamber, was used to regulate the tempera-
ture of the columns. The Lab Solutions software, VER-
SION 6.86 SP2 was used for recording and integrating
the chromatograms and a calibrated weighing machine
(ME204/AD4, Mettler Toledo, Switzerland) was used
for weighing all of the standards precisely.

Chromatographic conditions

MEF, RV, SB, CR, and IS were separated by chromatog-
raphy using a Shimadzu (Shim pack solar) C-18 column
(250%4.6 mm, 5 pm). The method was devised using
a mobile phase made up of 0.1% formic acid (solvent-
A) in HPLC grade water and acetonitrile (solvent-B) in
a gradient method. Before analysis, the mobile phase
underwent a 10-min bath sonication and a 0.45-micron
membrane filter with vacuum filtration assembly. The
optimal distance between peaks was accomplished by
applying solvent-B ranging from 40% over 0.01-11
min, 98% over 11.01-15 min, and maintained at 40%
up to 15.01-20 min, at a flow rate of 1 mL/min and a
column temperature of 40+0.2 “C keeping injection vol-
ume 20 plL.
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Stock solution preparation

To create stock solutions, MF, RV, SB, or CR were
dissolved in acetonitrile to yield solutions with a 1 mg/
mL concentration. Albendazole was dissolved in ACN
to create the IS stock solution, which had a 100 pg/mL
concentration. The solution was kept at 4 °C in a refrig-
erator. A UFLC method was developed and validated,
and sample solutions were prepared to investigate ex
vivo cumulative percentage drug release.

Method validation

The UFLC/PDA method was validated by adhering
to the guidelines set forth by the International Confer-
ence on Harmonization. Throughout the project, vari-
ous validation parameters were examined, such as sys-
tem suitability, the limit of detection (LOD), the limit
of quantification (LOQ), linearity, range, accuracy, and
precision [5].

The linearity of the method was evaluated through the
injection of nine distinct pure drug standard concentra-
tions, varying from 2 to 20 pg/mL. The proper concen-
trations of 1 mg/mL stock solution of MF, RV, SB, and
[6, 7] were spiked to create the stocks.

Various concentrations, such as 16, 18, and 20 pg/
mL of stock solutions containing MF, RV, SB, and CR
within the linearity range were prepared. By injecting
three identical dilutions of these concentrations into the
system, the accuracy of the procedure was ascertained
[8,9].

Precision was evaluated in the form of percentage
relative standard deviation (%RSD) between repli-
cates, which must be less than 2%. This assessment
was considered as repeatability, intermediate precision,
and inter-day precision, To evaluate repeatability, six
duplicates of 20 pg/mL stock solutions MF, RV, SB,
and CR were injected into the UFLC system on a single
day. The intermediate precision of the method was es-
tablished by injecting three replicates of three concen-
tration levels (16, 18, and 20 pg/mL) over three con-
secutive days [10, 11].

Three replicates of a single concentration of 2 pug/mL
were injected into the UFLC system, and the outcome
was noted, in determining the developed method’s sen-
sitivity. The LOD and LOQ were calculated using the
regression line equation (Equations 1 and 2) [12].
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1. LOD=3.3x(Standard deviation of response)/(Slope
of calibration curve)

2. LOQ=10x(Standard deviation of response)/(Slope
of calibration curve)

Six injections of a 20 pg/mL stock solution concentra-
tion were used to test the system’s suitability. To deter-
mine whether the system was suitable, factors including
peak area, retention time (Rt), number of theoretical
plates (NTP), and tailing factor (Tf) were examined.
The acceptance criteria for %RSD of peak area and Rt in
replicate injections were <2, and that of Tf was <2. The
limit for NTP was >2000, and for height equivalent to a
theoretical plate, it was <2 [13].

The developed method’s selectivity was assessed by
calculating six placebo hydrogel formulation samples
containing all the excipients extracted with methanol.
This was examined for any effects of the polymer matrix
or formulation-related excipient interference with the
drugs [14].

Gel preparation

The 1% gel was prepared by adding accurately weighed
carbopol-940 to the required quantity of distilled water
and allowing it to soak overnight to form a complete dis-
persion of the polymer. Triethanolamine was added to
the carbopol-940 dispersion while continuously stirring
for neutralization, to form an aqueous gel. To this gel,
a required quantity of excipients such as 0.1% ethylene
diamine tetra acetic acid as a preservative, 1% propylene
glycol as an emollient, and 1% capryol-90 as a perme-
ation enhancer were added. On the other hand, a required
quantity of active compounds, 0.1% MF, 0.5% RV, 0.5%
SB, and 0.5% CR, was added to 10% methanol as a sol-
vent for the formation of an organic dispersion. This or-
ganic dispersion was added to the excipients-containing
aqueous gel, mixed thoroughly using Remi RQ-121 pur-
chased from Asian Scientific Instruments Hyderabad, to
obtain a homogeneous mixture of hydrogel [15].

Sample extraction

The prepared hydrogel was precisely weighed from the
tube, and the required quantity of methanol was mixed
for the extraction of compounds to achieve concentra-
tions within the linearity range. After centrifuging the
mixture for 10 min at 3000 rounds per min (rpm) to en-
sure maximum retrieval of the sample compound, the
mixture was sonicated for 10 min, and the supernatant
was then collected [16].

Shaik B, et al. RP-UFLC Methodology for Curcumin, Resveratrol, Silybin, and Mangiferin. PBR. 2024; 10(4):303-318.



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

December 2024. Volume 10. Number 4

The mice’s skin was removed and weighed accurate-
ly, and then chopped into small pieces. Four volumes
of phosphate buffer saline at pH 7.4 were added to the
mice’s skin, and the mixture was homogenized. To ex-
tract the compounds, the required quantity of methanol
was added to achieve concentrations within the linearity
range and centrifuged at 6000 rpm for around 10 min.
The obtained supernatant was isolated and analyzed.

Drug content and homogeneity

The 20 pL of sample extract was injected into the sys-
tem utilizing the developed method to measure the drug
content. The regression equation of the calibration curve
was used to determine the percentage of drug content.

Ex vivo drug release

The experiment utilized BLAB/c mice skin, which had
already been utilized in standard pharmacological re-
search. Using a scalpel, the non-dermatological skin was
cut away, and the full-thickness skin was removed and
cleaned with cold tap water. Potassium phosphate buf-
fer (pH 7.4) was poured into the reservoir compartment.
Skin with a 4.9 cm? skin exposure area was sandwiched
between the reservoir and donor compartments of the
Franz diffusion cell. Meanwhile, 1 g of the formulation
was applied to the skin-facing donor compartment. The
apparatus was kept on continuous stirring and the tem-
perature of 3742 ‘C was maintained throughout the ex-
periment. To maintain sink condition, 1 mL of sample
was taken from the receptor compartment at predefined
intervals (0.083, 0.25, 0.5, 1, 2, 4, 8, and 24 h) and re-
placed with an equal volume of fresh buffer solution.
Regression equations derived from the standard graph
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were utilized to compute the percentage cumulative drug
release from the formulation [17].

Results and Discussion
Optimization of chromatographic conditions

The Rts of MF, RV, SB, CR, and IS were 2.6, 6.3, 8.4,
17.3, and 7.3 min, respectively (Figure S2). The effect
of the column on the simultaneous separation and deter-
mination of MF, RV, SB, CR, and IS peaks was studied
with Shimadzu (250x4.6 mm id, 5 um). This was done
by applying a mobile phase of acetonitrile and 0.1% for-
mic acid with pH 3.4 was used as in both isocratic and
gradient methods, discussed in detail in the supplemen-
tary material (Figure S3). The Shimadzu column was
used in a gradient method to achieve the most appropri-
ate separation between the peaks, which was discussed
in the experimental part. Moreover, the validation of
every compound was conducted concurrently using this
refined and optimized approach.

Selection of wavelength (\ )

The isobestic point of a combination of compounds
was referred to as the wavelength at which the absorp-
tion spectra of the compound intersected or overlapped
with one another, and was not necessarily related to the
specific A__of any individual compound [18]. In this
case, the A of MF, RV, SB, CR, and IS were found
to be 257, 307, 287, 422, and 294 nm, respectively.
The isobestic point of these compounds was 270 nm,
which suggested that there was a wavelength at which
the absorption spectra of these compounds intersected
or overlapped with each other. This could be used as a
reference point for determining the concentration of the

Table 1. Accuracy data for MF, RV, SB, and CR at 16, 18, and 20 ng/mL

i MF RV SB CR
Concentration
(ng/mL)
Mean % Recovery Mean % Recovery Mean % Recovery Mean % Recovery
16 16.3 102.1 16.3 102 15.7 98 16 100.1
18 18.3 101.4 17.7 98.5 17.9 99.5 17.7 98.6
20 20 99.8 19.9 99.6 20.3 101.3 20.3 101.6
% Recovery (Mean+SD) 101.1+1.2 100.1+1.8 99.6+1.7 100.1+1.5

cv 0.01 0.02 0.02 0.02

Abbreviations: MF: Mangiferin; RV: Resveratrol; SB, Silybin; CR: Curcumin.

PBR

Notes: Mean: Average concentration triplicates obtained from regression equation; %Recovery: Average percent recovery of
triplicates obtained from recovery studies; SD: Standard deviation of 3 concentrations %recovery; CV: Correlation of variance

of 3 concentrations %recovery.
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Table 2. Results of precision, sensitivity, and system suitability obtained by using developed method

Validation Parameters RV SB CR
Mean+SD? 19.14+0.28 19.06%0.35 20.06+0.25 20.4+0.35
Repeatability at 20 pg/mL
% RSD® 1.82 1.26 1.69
MeantSD 16.34+0.07 16.3210.21 15.67+0.03 16.01+0.1
Inter-day precision at 16 pug/mL
% RSD 1.27 0.20 0.63
MeantSD 18.41+0.25 18.18+0.2 18.3+0.14 17.74+0.28
Inter-day precision at 18 pg/mL
% RSD 1.11 0.75 1.57
Mean+SD 19.950.2 20.75+0.08 20.31+0.41 20.01+0.2
Inter-day precision at 20 pug/mL
% RSD 0.38 2.02 0.99
MeanzSD® 0.01+0.00037 0.03+0.00048 0.01+0.00007 0.01+0.00011
Sensitivity LOD (ug/mL) 0.05 0.02 0.07
LOQ (pg/mL) 0.16 0.07 0.22
MeantSD 2.68+0.01 6.29+0.01 8.42+0.03 17.34+0.01
Retention time at 16 ug/mL
% RSD 0.21 0.35 0.03
Mean+SD 2653.5+29.66 5122.83+32.21 3394+39.57 135639.67+2261.42
Theoretical plates at 18 ug/mL
% RSD 0.63 117 1.67
MeantSD 2.04+0.03 1.64+0.01 1.28+0.02 5.57+0.12
Tf at 20 pg/mL
% RSD 0.5 1.82 2.09

Abbreviations: Mean: Average area of triplicates; %RSD: Percentage relative standard deviation of triplicates;

PBR

*Average concentration of 6 replicates; ®Average area ratio of triplicates; “Percentage relative standard deviation of 6

replicates.

compounds in a mixture, as shown in (Figure 1). The in-
dividual chromatograms showing the Rts of compounds
at their respective wavelengths are given in (Figures S4,
S5, S6, S7 and S8).

Linearity

After the standard solutions were injected into the
UFLC/PDA system, the peak areas were recorded for
each concentration. The results were plotted as a graph
of area ratio versus concentration for each analyte. After
obtaining a linear regression equation, the correlation co-
efficient (R?) was computed. As illustrated in Figure 2,
the method demonstrated good linearity for each analyte
based on the results, with correlation coefficients (R?)
greater than or equal to 0.99. As a result, it was discov-
ered that the UFLC/method was linear and appropriate
for quantifying MF, RV, SB, and CR in the test samples.

Accuracy

The analytical method’s accuracy was determined by
conducting percentage recovery studies. It was measured
how well the method could recover the known amount
of the analyte from the sample matrix. By comparing the
known quantity of sample recovered from the sample
using the developed method to the analyte added to the
sample, the percentage of recovery was computed. If the
percentage recovery fell within an acceptable range, the
method was considered to be accurate. In this case, the
mean percentage of every compound’s recovery was dis-
covered to be within the range of 98%-102%. Given that
the mean percentage recovery was within an acceptable
range, this suggests that the developed method was ac-
curate. This is given in Table 1.

Precision

Shaik B, et al. RP-UFLC Methodology for Curcumin, Resveratrol, Silybin, and Mangiferin. PBR. 2024; 10(4):303-318.
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Table 3. Results of cumulative drug release of MF, RV, and SB obtained from ex vivo study sample at their predetermined

time intervals

MeantSD
Time Points (h)
MF (pg) RV (ug) SB (ug)
0.25 0+0 0+0 0+0
0.5 0+0 0+0 0+0
1 0+0 6.36+1.02 12.52+2.51
2 0+0 14.27+0.74 42.87+2.5
4 5.2+0.98 22.53+0.85 72.42+0.97
6 17.57+0.57 29.41+1.14 101.98+1.73
8 34.45+2.05 38.73+1.36 136.21+1.72
24 52.65+1.04 54.74+2.28 173.45+2.93
32 67.23+2.52 75.55+0.5 222.53+2.34
48 88.3+1.8 109.53+2.3 273.95+3.28

Mean: Average cumulative concentration of triplicates; SD: Standard deviation of triplicates.

The precision represented the amount of variation be-
tween a set of measurements made using several sam-
plings of the same sample carried out following the rec-
ommended analytical protocols. To determine precision,
intra and inter-day assays were conducted in the current
study. The analysis was performed 3 days in a row in-
side the laboratory to determine Inter-day precision (In-
termediate precision) at three concentration levels. The
analysis was performed on the same day under the same
operating conditions over a brief period to determine In-
tra-day precision (repeatability). For intra-day precision,
the %RSD values of MF, RV, SB, and CR were 1.48,
1.82, 1.26, and 1.69, respectively. In inter-day precision,
the %RSD values ranged between 0.46-1.36, 0.38-1.27,
0.75-2.02, and 0.63-1.57 of MF, RV, SB, and CR, respec-
tively. As a result, the %RSD values were found to be
less than 2 in both repeatability tests and Intermediate
precision studies. This demonstrated the method’s high
precision and met the acceptance criteria. Table 2 pro-
vided the results, and Figure 3 displayed the repeatability
sample’s chromatogram.

Sensitivity

The sensitivity of the developed method was assessed
by determining LOD and LOQ for each of the analytes
(MF, RV, SB, and CR). A signal-to-noise ratio of three
was obtained from the low level of concentration (LOD)
of analytes in the sample that were detected but not al-
ways quantified. Whereas LOQ was the lowest concen-
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tration of analytes which were accurately quantitated
and provided a signal-to-noise ratio of 10. In the present
study, LOD and LOQ of MF (74.9 and 227 ng/mL), RV
(52.4 and 158.9 ng/mL), SB (24.5 and 74.4 ng/mL), and
CR (73.7 and 223.5 ng/mL) were found, respectively,
and were given in Table 2. The results revealed that the
developed method had good sensitivity, as indicated by
the low concentrations of LOD and LOQ.

Ruggedness and robustness

Making minor, intentional adjustments to the method’s
parameters revealed the method’s robustness and rug-
gedness, and the result was an accurate and authentic
estimation of the drug’s components. To assess robust-
ness, three replicates of a single concentration (20 ug/
mL) were injected under chromatographic conditions
with different wavelengths (+2) and flow rates (£1).
The chromatographic response showed % RSD values
<2 and the Rt remained constant, which confirmed the
robustness of the optimized method, indicating the reli-
ability of the method during normal usage.

System suitability

Six replicates of system suitability outcomes were ob-
tained, and they revealed that the NTP of MF, RV, SB,
and CR ranged between 2620-2705, 5077-5167, 3363-
3468, and 133554-139739, respectively, and that %RSD
was <2. The %RSD of peak area, Rt, and Tf were <2,
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Figure 1. The spectrum showing isosbestic point and wavelengths of four compounds obtained from UFLC photo diode array
detector

<0.35, and 2, respectively, and were within the limits for sample validation and analysis. The findings show
given in Table 2. Therefore, the developed method’s that the chosen system was appropriate for additional
system suitability was confirmed and satisfied, meaning MEF, RV, SB, and CR validation and analysis.

that the optimized method’s parameters were appropriate

Figure 2. Calibration curves for MF, RV, SB, and CR PER

PBR
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PBR
Figure 3. Chromatogram showing the sample mixture containing MF (Rt 2.7 min), RV (Rt 6.3 min), SB (Rt 8.4 min), CR (Rt 17.4
min), and IS (Rt 7.2 min)
Abbreviations: MF: Mangiferin; RV: Resveratrol; SB: Silybin; CR: Curcumin; Rt: Retention time; UFLC: Ultra-fast liquid chro-
matography; HPLC: High-performance liquid chromatography.
Notes: MF, RV, SB, CR, and IS were analyzed by the optimized UFLC method using mobile phase, combination of acetonitrile
and 0.1% formic acid in HPLC grade water. The concentration of each compound present in mixture was 20 ug/mL. The mix-
ture (20 uL) was injected into UFLC column (250x4.6 mm, 5 pm) and the chromatograms were recorded at 270 nm.

Selectivity

The chromatographic response of repeatedly injected
placebo samples indicated that there were no peaks of
excipients involved at the Rts of MF, RV, SB, and CR,
which demonstrated the selectivity of the method. The
chromatograms produced from the drug samples in hy-
drogel preparation and the placebo samples amply dem-
onstrated this. Chromatograms of both placebo sample
extracts of hydrogel and skin are given in Figure 4.

Drug content

The created technique was used to assess the formu-
lation’s homogeneity and drug content. The chromato-
graphic response indicated that all the compounds were
uniformly distributed over the prepared formulation. The
%drug content of MF, RV, SB, and CR ranged from 93%
to 108%.

PBR

Figure 4. Chromatograms showing the blank sample extract of formulation and skin

Notes: They were analyzed by the optimized C-18 UFLC method using mobile phase, combination of acetonitrile and 0.1%
formic acid in HPLC grade water. The concentration of each compound present in mixture was 20 pg/mL. The mixture (20 pL)
was injected into UFLC column (250%4.6 mm, 5um) and the chromatograms were recorded at 270 nm.
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PBR

Figure 5. Cumulative concentration of MF, RV, and CR through the mice skin at their time intervals

Notes: The sample extract (20 pL) was injected into column (250x4.6 mm, 5um) with optimized method using mobile phase,
combination of acetonitrile and 0.1% formic acid in HPLC grade water for the analysis of compounds.

Ex vivo drug release

The penetration-enhancing effect of capryol-90 on the
permeability of MF, RV, SB, and CR across mice skin
from a carbopol-based hydrogel system was investi-
gated. The cumulative amount of compounds permeated
through mice’s skin from hydrogel formulation at prede-
termined time points is shown in Figure 5.

The maximum amounts of MF, RV, and SB that perme-
ated during the 48-h study were 88.29+1.8, 109.5342.3,
and 273.94+3.28 pg per 4.9 cm? of skin, respectively
(Table 3). No CR was observed from the prepared for-
mulation throughout the experiment. After completing
the study, the remaining gel and skin were removed. The
removed gel was extracted with methanol and injected
into a system for analysis. The compounds MF, RV, SB,

PBR

Figure 6. Chromatograms (A and B) showing compounds availability under the skin (A) and formulation after completion of

study (48 h; B)

Notes: The Combination of acetonitrile and 0.1% formic acid in HPLC grade water. The concentration of each compound pres-
ent in mixture was 20 ug/mL. The mixture (20 pL) was injected into UFLC column (250x4.6 mm, 5 pm) and the chromatograms

were recorded at 270 nm.
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and CR that were available in the remaining gel were
698.28+54.38, 4460.75+128.14, 4424.25+161.4, and
4503.11£103.36 pg per gram of gel, respectively. Fur-
thermore, the skin was also homogenized and extracted
with methanol for analysis. The amounts of drug avail-
able under the skin for MF, RV, SB, and CR were found
to be 200.34+23.15, 456.92+48.03, 257.5+95.75, and
465.31+£36.38 pg per 4.9 cm?, respectively, shown in
Figure 6.

Therefore, each gram of gel contains MF (1000 pg),
RV (5000 pg), SB (5000 pg), and CR (5000 pg), re-
spectively. The results confirmed that the drug release
through the skin, the content of drug available under the
skin, and the amount of drug present in the remaining gel
for MF, RV, SB, and CR were 98.74%, 99.50%, 99.16%,
and 99.37% of the total amount, respectively.

Conclusion

A novel specific and accurate UFLC/PDA method was
strategically developed and optimized. This optimized
method was applied for the simultaneous determination
of four natural compounds: MF, RV, SB, and CR in the
presence of IS in their pure forms, within a hydrogel for-
mulation, and in the skin matrix. Following ICH Q2 (R1)
guidelines, the method validation parameters: Linearity,
precision, accuracy, sensitivity, selectivity, and system
suitability were verified and found to be within permis-
sible limits. Consequently, the method was deemed spe-
cific, accurate, precise, and successfully employed for
the quantification of MF, RV, SB, and CR in hydrogel
to ensure drug content homogeneity. Additionally, this
method was applied to determine the concentrations dur-
ing ex vivo study at different time intervals and the drug
retained in the skin after 24 hours. The routine analysis
of these four natural compounds can be conducted using
this method.
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Figure S1. Chemical structures of four phytochemicals
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Figure S2. Chromatogram showing retention times of mf (retention time=2.7 min), RV (retention time=6.3 min), SB (retention
time=8.4 min), CR (retention time=17.4 min), and IS (retention time=7.2 min)

Notes: Analyzed by the optimized UFLC method using mobile phase, combination of acetonitrile and 0.1% formic acid in
Milli-Q water.

Figure S3. The chromatograms showing elution of (1) MF, (2) RV, (3) quercetin, (4) SB, and (5) CR in a sample mixture PBR
UFLC: Ultra-fast liquid chromatography.
Notes: The sample (20 pL) was injected into the UFLC column (250x4.6 mm, 5 pm).

Isocratic UFLC method using mobile phase, a combination of acetonitrile (pump-B) and 0.1% formic acid in milli-Q water
(pump-A). A total of 20% of pump-A and 80% of pump-B was used for compound separation.

Isocratic UFLC method using mobile phase, a combination of acetonitrile (pump-B) and 0.1% formic acid in milli-Q water
(pump-A). A total of 30% of Pump-A and 70% of Pump-B was used for compound separation.

Isocratic UFLC method using mobile phase, a combination of acetonitrile (pump-B) and 0.1% formic acid in milli-Q water
(pump-A). A total of 40% of Pump-A and 60% of Pump-B was used for compound separation.

Isocratic UFLC method using mobile phase, a combination of acetonitrile (pump-B) and 0.1% formic acid in milli-Q water
(pump-A). A total of 50% of Pump-A and 50% of Pump-B was used for compound separation.

Isocratic UFLC method using mobile phase, a combination of acetonitrile (pump-B) and 0.1% formic acid in milli-Q water Mp-
A). A total of 60% of pump-A and 40% of pump-B was used for compound separation.

Depending upon isocratic methods, gradient methods were selected by changing the percentage of pump-B concentration for
elution of all compounds to get good separation (f, g, h). Finally, a gradient method was developed for good separation.

The chromatogram of the optimized method shows good separation of compounds.
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Figure S4. Chromatogram showing retention time of MF at Respective wavelength (257 nm) analyzed by the optimized UFLC
method using mobile phase, combination of acetonitrile and 0.1% formic acid in Milli-Q water

Notes: The concentration of compound present in the stock solution was 100 ug /mL. The sample (20 pL) was injected into an
UFLC column (250%4.6 mm, 5 pm).
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Figure S5. Chromatogram showing retention time of RV at respective wavelength (307 nm) analyzed by the optimized UFLC
method using mobile phase, combination of acetonitrile and 0.1% formic acid in Milli-Q water

Notes: The concentration of compound present in the stock solution was 100 pg /mL. The sample (20 pL) was injected into an
UFLC column (250%4.6 mm, 5 pm).
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Figure S6. Chromatogram showing retention time of SB at respective wavelength (307 nm) analyzed by the optimized UFLC
method using mobile phase, combination of acetonitrile and 0.1% formic acid in Milli-Q water

Notes: The concentration of compound present in the stock solution was 100 pg/mL. The sample (20 pL) was injected into an
UFLC column (250%4.6 mm, 5 um).
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Figure S7. Chromatogram showing retention time of CR at respective wavelength (422 nm) analyzed by the optimized UFLC
method using mobile phase, combination of acetonitrile and 0.1% formic acid in Milli-Q water

Notes: The concentration of compound present in the stock solution was 100 pg /mL. The sample (20 pL) was injected into an
UFLC column (250%4.6 mm, 5 pm).
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Figure S8. Chromatogram showing retention time of quercetin (IS) at respective wavelength (270 nm) analyzed by the opti-
mized UFLC method using mobile phase, combination of acetonitrile and 0.1% formic acid in Milli-Q M

Notes: The concentration of compound present in the stock solution was 100 ug /mL. The sample (20 pL) was injected into an
UFLC column (250 %4.6 mm, 5 pm).
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