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PLEASE NOTE: When reviewers point to specific line numbers in their comments, they are often referring to the line
numbers inserted by ACS Paragon Plus in the PDF Proof of the manuscript. The PDF Proof is attached.

Reviewer: 1

Recommendation: Major revisions needed as noted.

Comments:
In this manuscript, quercetin and luteolin, the active components of safflower, were extracted and then encapsulated
in a hydrogel based on solid lipid nanoparticles to enhance solubility and skin permeability. It has been proved that
this formulation has good antioxidant activity and sunscreen effect. However, there are major problems in the writing
of the manuscript, which makes it difficult for readers to read. At the same time, it lacks professional expression and
makes mistakes on many common-sense issues. In addition, the design of the material system lacks highlights, and
the experimental scheme needs to be improved. The problems in the manuscript are as follows:

1. The abbreviation SPE appears for the first time in the abstract, but its full name is not stated. Meanwhile, the
keyword photoprotective does not appear in the abstract.
2. In the manuscript, line 158, FeCl2 is miswritten and line 171, the reversed-phase column size (150 × 4.6 mm, 5 m)
should be changed to (150 × 4.6 mm, 5 μm). In line 225, the heating rate of 10 C/min should be changed to 10℃/min.
In line 329, the gravity acceleration (980 m/s2) should be changed into 9.8 m/s2. In line 517, SLNs is incorrectly
expressed. In table4, the number 0,97 should be changed into 0.97.
3. In the manuscript, italics should be used in vivo and in vitro. In addition, the use of many units in the manuscript
should also be standardized, such as μL and mL.
4. There are many figures in the manuscript that are not clear enough, as shown in Figure 6, and it is recommended
to redraw. In addition, some column charts have uneven color filling, as shown in Figure 1B, and it is recommended to
redraw.
5. The SEM images (Figure 4D) of SLNs formulations lack scale, which is very important. In addition, the author
developed a hydrogel formulation based on solid lipid nanoparticles (SLNS), but did not conduct any characterization
of the hydrogel morphology, which is not rigorous.
6. In the in vitro penetration experiment of gel (as shown in FIG. 6 and FIG. 8), the time interval of measurement
points was set unreasonable. Follow-up measurements should be taken during periods of rapid increase in data.
7. What is the maximum diameter of nanoparticles that can be penetrated through the skin and whether relevant
experiments have been done to ensure that the formulation can meet the conditions of skin penetration?
8. The study from the manuscript found that the drug-loaded solid lipid nanoparticle hydrogels showed advantages in
many aspects, but achieved almost the same effect in the sunscreen test as the hydrogels directly loaded with drugs.
Is it contradictory? What is the significance of this designed drug delivery gel formulation based on solid lipid
nanoparticles?
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9. Safety is a necessary issue to be considered for cosmetics. Whether the formulation designed by the author will
cause allergies, and whether the product will interfere with hormones and reproductive system after penetrating into
the skin and entering the human body are all questions to be considered. However, there is no description of these
issues in the manuscript.

Additional Questions:
Significance: Moderate (not suitable for Langmuir)

Originality: High (suitable for Langmuir)

Broad Interest: High (suitable for Langmuir)

Technical Quality: Moderate (not suitable for Langmuir)

Is the manuscript appropriate for Langmuir?:

Are the conclusions adequately supported by the data?:

Are the references appropriate and correct?:

Is the English adequate?:

Is the quality of the figures sufficient?:

Are the data statistically significant with appropriate controls included?:

Reviewer: 2

Recommendation: Other

Comments:
Manuscript number: la-2022-02754m

Title: “Development of solid lipid nanoparticles loaded polymeric hydrogels containing antioxidant and photoprotective
bioactive compounds of Safflower (Carthamus tinctorius L.) for improved skin delivery”

Authors: Aanisah et al.

The manuscript describes the physicochemical characterization and biological activity studies on some solid lipid
nanoparticles. The works are trustworthy and appears to be systematically carried out. However, the manuscript
suffers from several lacunae. It needs thorough revision before a final decision be made. The major concerns are the
length, number of figures/images and proper interpretation of the experimental results.

Some specific comments:

1. There are several wrongly constructed sentences. Sometimes the statements are self-contradictory.

2. Line 30: In the abstract what do the authors mean by the term “drug”?

3. Line 29-32: It is mentioned that the drug is trapped in the lipid matrix. If it is so, then how could the drug release be
faster? And in any drug delivery system, the prerequisite is the process of sustained release.

4. In the abstract the acronyms like “SPE” and “SPF” were used. It is preferred that their full forms would be used in
their first appearances. In fact, throughout the entire manuscript, many acronyms were used without their introduction.

5. In the abstract section itself I would expect some comments on the biocompatibility of the formulations. Are they
cytotoxic? In fact, authors have carried out the same, however, they remain silent about the biocompatibility, which is
considered as one of the important markers of any drug delivery system.

6. The introduction section seems to be quite lengthy and unorganized. It should be more focused and specific. How
the present set of works are going to shed new lights over the existing lacunae? What would be the new insights?
Authors may mention them at the end of the introduction section.

7. In the introduction section a brief description on “Geleol” would be more impressive for general readers.

8. In the beginning of the experimental section, I would expect the details on the chemicals used, (purity, make and
country of origin, etc.) and the instruments.



9. What is the rationale behind preparing sixteen different formulations (Table 2)?

10. Usually, active ingredients from plant products are extracted from the dried and pulverized plant components.
What was the rationale behind extracting from the raw plants? Also, I would expect a line of statement as why
different proportions of water-alcohol mixtures were used in the extraction procedure.

11. Equation 1: While calculating the yield of extraction, should one take into account the whole flower? In the
denominator, should it be Wsafflower or Wsafflower petals?

12. The experimental part is also quite lengthy. It needs to be substantially shortened.

13. Table 2: Which Tween was used as stabilizer? What is the molecular weight of PVA?

14. 2.2.3.1. Particle Size, PDI, and Zeta Potential studies: What was the scattering angle? What is the model number
of DLS? What type of laser was used?

15. 2.2.3.4. DSC studies: The scan rate seems to be quite high. Please cite proper references where such high scan
rates were used.

16. 2.2.3.6. Scanning Electron Microscope: Please provide some details on the sample preparation. What was the
coating agent? What was the applied voltage for SEM analyses?

17. 2.2.3.7. Solubility analysis. The saturated solubility analysis of QU and LU: What are AU and LU?

18. Authors should clearly mention the ethical guidelines regarding the biological studies involving animals.

19. Please mention the positive and negative controls while performing the biological activity tests (biocompatibility
and skin permeation tests).

20. Sections 3.1-3.4: These sections are not so relevant, and can be moved to the supplementary section.

21. It is not unexpected that “The maximum DPPH radical scavenging activity was produced by the extract made with
100% ethanol (Figure 1E)”, and in fact this was also my concern regarding the extraction of SPE using different
blends of ethanol +water.

22. Figure 3A: Authors should also mention that higher the amount of Tween, smaller were the sizes for the SLNs.
Besides, presence of larger quantities of Tweens lead to lower values of PDI.

23. Authors should comment on the stability of the SLN formulations. Have they tried to monitor the size as function of
time? Shelf-life is an important marker of drug delivery systems.

24. 3.6.2 FTIR Study and 3.6.4 PXRD Study: I would expect the description on the FTIR/XRD studies of the
excipients (precursors) and physical mixtures and subsequent comparison with the different formulations. Location of
the drugs in the SLN matrix could also be explained by suitably analyzing the FTIR data.

25. 3.6.3 DSC analysis: interpretation of the DSC data are wrong. Authors should note that the SLNs show
characteristic transition peaks in the range of 30-80 deg C. And in fact, it is clear from Figure 4B that there are some
transitions taking place. Authors should narrow down their studies within this temperature range.

26. Scale bars/magnification in the SEM images are missing. Authors should also try to compare the DLS and SEM
data.

27. Line 489: Particles were not “spherical vesicles”. Vesicles can not be visualized by SEM. I understand that the
authors are not dealing with the vesicles.

28. Table 4: I would expect the presentation of regression coefficient values. This would eventually enable readers to
understand the superiority of a particular model.

29. Figure 6: In the Y axes of each graph, should it be “%Cumulative release”?

Additional Questions:
Significance: Moderate (not suitable for Langmuir)

Originality: Lowest (not suitable for Langmuir)

Broad Interest: High (suitable for Langmuir)

Technical Quality: Lowest (not suitable for Langmuir)



Is the manuscript appropriate for Langmuir?: Yes

Are the conclusions adequately supported by the data?: No

Are the references appropriate and correct?: Yes

Is the English adequate?: No

Is the quality of the figures sufficient?: No

Are the data statistically significant with appropriate controls included?: Yes

Reviewer: 3

Recommendation: Major revisions needed as noted.

Comments:
Overall, the paper has merit. The work is detailed, thorough and sound research. As the article is written, it is unclear
as to what the novelty of the work is.

In addition, there are a number of items with the paper that should be addressed before publication:

1) Line 51: shouldn't the word "cancer" come after the words "third most common"
2) Line 80-82: the authors state that various approaches and carrier systems have been studied, but yet no
references of the types of approaches or carrier systems are provided. In addition, the introduction in general does
not provide an adequate overview of the different carrier systems developed to date and how their system is an
innovation in the technology.
3) Line 265: The 1 h incubation time seems short, why was this short exposure time chosen.
4) Line 336-338: Why was only 290-320 nm wavelengths selected as opposed to the full range of UVA&B
wavelengths (280-400 nm)?
5) Line 364-365: The authors state that the data shows "significant increase in TPC and TFC compared to the TPC
and TFC achieved with E100, E50, E25 and WE." However, it is unclear where the significance lies, i.e. is it between
all ethanol solutions and water or between each ethanol solution and water, etc. Clarification should be provided.
6) Line 368: Figure 1. Any significant differences between the bars should be labeled on the graphs, i.e. which data is
considered to be significantly different from other data?
7) Line 405: Figure 2: Significance needs to be identified for the data in graph B. Labeling of some of the other key
peaks in the chromatogram (Figure 2A) would be helpful.
8) Line 433-434: The authors state that the higher concentration of Geleol in SLNs increased particle size and PDI of
SLNs as evidenced by graphs 3A & B. In general, this does not appear to be true except for the PVA surfactant case.
The Tween 80 surfactant seemed to produce a more consistent particle size and PDI regardless of Geleol
concentration. Also, no indication on any significant differences between the data presented in Graphs for Figure 3 A-
D and graph D is not labeled.
9) Lines 439-443: What is the implication of the fact that their SLNs had zeta potentials in the narrow range of -29.33
and -33.91 mV?
10) Lines 444-447: This statement appears to be correct for the F1-F4 formulations, but not necessarily for the F9-
F12 formulations. Please clarify.
11) Lines 504-507: Are the aqueous solubility values significantly different from one another. They appear to be when
comparing QU & LU SPEs to SLNs F3 & F4 values, but was a test of significance performed? The n-octanol solubility
does not appear to be significant different but a test would need to be performed to verify.
12) Line 508: The authors state "This significant increase was due to..." What significant increase? The aqueous
solubility or n-octanol? Since it is unclear whether a test of significance was performed, how can it be stated that it
was a significant increase?
13) Lines 526-527: The word "respectively" needs to added immediately after "F3" and "F4". Also, for the in vitro drug
release, were the release values significantly different between the SPE and respective SLNs?
14) Figure 6: The y-axis scale are different for graphs A/B compared to C. It may be more helpful to use the same y-
axis scale to better illustrate the difference of the drug release amount. It may be better to show 2 graphs - one for QU
and one for LU for all 3 carrier platforms, i.e F3, F4 and SPE, as opposed to showing 3 graphs for each carrier
platform and QU and LU on the same plot.
15) Line 548: The word "respectively" should be added after LU.
16) Line 554: The word "respectively" should be added after F4.
17) Line 572: The word "respectively" should be added after 4.87%.
18) Line 582: "(p<0.05)" should be added after the word "significantly".
19) Line 586: The word "respectively" should be added after 1.72%.
20) Figure 8: again the data may be better presented using 2 graphs instead of 3 as mentioned in item 14 (Figure 6)
above.
21) Figure 9: Using similar y-axis scale for graphs A-C would be helpful and more clearly illustrate the differences in
the data.



22) Line 614: The authors refer to figure 7E for the bioadhesive strength of each hydrogel, yet graph 7E is SPE data.
Please clarify. Also, from the SPF data, it looks like the team did not achieve their goal in the research of trying to
demonstrate greater protection with the SLNs. This is not properly discussed in the discussion section.

Additional Questions:
Significance: Moderate (not suitable for Langmuir)

Originality: Moderate (not suitable for Langmuir)

Broad Interest: High (suitable for Langmuir)

Technical Quality: High (suitable for Langmuir)

Is the manuscript appropriate for Langmuir?: In Part

Are the conclusions adequately supported by the data?: Yes

Are the references appropriate and correct?: Yes

Is the English adequate?: Yes

Is the quality of the figures sufficient?: No

Are the data statistically significant with appropriate controls included?: Yes
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21 ABSTRACT

22 Safflower (Carthamus tinctorius L.) is a potent natural antioxidant because of active 

23 compounds such as quercetin (QU) and luteolin (LU). These components prevent damage to 

24 the skin caused by free radicals from UV rays. However, due to the poor solubility and 

25 transdermal permeation, the effectiveness of the compounds in showing their activity was 

26 limited. In this study, we develop solid lipid nanoparticles (SLNs)-based hydrogel formulations 

27 to enhance the solubility and penetration of two bioactive compounds found in safflower petal 

28 extract (SPE). The hot emulsification-ultrasonication method was used to produce SLNs, and 

29 to obtain high antioxidant activity, 100% v/v ethanol was used in the extraction procedure. The 

30 results showed that this approach could encapsulate > 80% of both QU and LU. Moreover, 

31 FTIR, DSC, and PXRD spectra indicated that most of the QU and LU were trapped in a lipid 

32 matrix and dispersed homogeneously at the molecular level, increasing the solubility. 

33 Additionally, SLNs-hydrogel composites are able to release two lipophilic bioactive 

34 compounds for 24 hours, which also demonstrated increased skin retention and penetrability 

35 of the QU and LU up to 19-folds. In vitro blood biocompatibility showed that no hemolytic 

36 toxicity was observed below 500 μg/mL. Accordingly, the formulation was considered safe for 

37 use. Sun Protective Factor (SPF) test show a value above 15, showing the excellent promising 

38 application as the photoprotective agent to prevent symptoms associated with photo-induced 

39 skin aging. 

40

41 KEYWORDS: Safflower (Carthamus tinctorius L.); solid lipid nanoparticles; hydrogel; 

42 antioxidant; photoprotective

43

44

45
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46 1. INTRODUCTION

47 Excessive exposure to UV radiation poses risks to skin health, even though ultraviolet rays 

48 from the sun may positively mediate vitamin D synthesis1 and treat several conditions such as 

49 psoriasis.2 The radiation causes acute erythema in subjects with light skin 3 and pigment 

50 changes in those with dark skin.4 These temporary effects may predispose one to the chronic 

51 effects of UV radiation, including photoaging, immunosuppression, and photocarcinogenesis.5–

52 7 There are many endogenous oxidative stress reduction mechanisms present in the human 

53 body. Antioxidants are believed to help increase resistance to oxidative stress and reduce 

54 indications of photo-induced skin aging. In recent years, natural antioxidants have been an 

55 alternative to replace synthetic ones, which are widely suspected of having toxic effects and 

56 promoting carcinogenesis. Some well-known antioxidants are polyphenols and flavonoids 

57 because they have phenolic OH groups, which allow them to chelate highly redox-active metal 

58 ions and enhance their protective effect against oxidative stress.8,9

59 Safflower is a dried stigma of the petals of Carthamus tinctorius L. and is classified as a 

60 potent natural antioxidant. Through several studies, it has been reported to have antioxidant 

61 activity in preventing/treating age-related diseases and oxidative stress such as neuronal10 and 

62 cardiovascular disorders11,12 as well as cancer.13,14 This is presumably because it contains 

63 chemical compounds such as quercetin (QU)15,16 and luteolin (LU).17,18 Due to their potential 

64 to contribute a hydrogen atom to the DPPH radical, these bioactive components demonstrated 

65 the synergistic impact of a high radical scavenging activity. However, there are a few 

66 limitations caused by the original nature, such as low solubility in water resulting in reduced 

67 skin permeation abilities.19–22 In addition, the stratum corneum, which is the outermost layer 

68 of the skin, acts as a penetration barrier by blocking the delivery of active ingredients into the 

69 skin. This is important because the potential efficacy of QU and LU in preventing cell damage 

70 until necrosis mainly occurs in the epidermis.23,24 Various approaches in terms of drug targeting 
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71 and carrier systems with different routes of administration were studied to overcome these 

72 limitations and achieve more effective therapeutic efficacy.25–29 

73 Solid lipid nanoparticles (SLNs) has many features that are advantageous for topical 

74 application. It was found that this approach has been a promising carrier for photoprotective 

75 agents such as silymarin,30 tocopherol acetate,31 and Aloe vera powders.32 SLNs seem to be the 

76 main determinant of the extent of lipophilic compounds to penetrate into the epidermal layer 

77 of the skin after topical application. Owing to their small size and larger surface area, it is 

78 beneficial for targeting skin and upper layers of epidermis to exert its activity in protecting skin 

79 tissue from oxidative stress and photoaging. Furthermore, the lipophilic active ingredient 

80 trapped between solid lipids offers several benefits. They are physically stable due to a solid 

81 matrix, can effectively encapsulate drug molecules, and increase their stability and the 

82 penetration of the active substance into the epidermal layer of the skin after topical application, 

83 resulting in increased bioavailability and greater efficacy.33–35 In addition, SLNs have an 

84 occlusive effect, which can be used to increase the skin's moisture for topical application.36 

85 Solid lipid nanoparticles (SLNs) are systems with aqueous colloidal dispersions that have 

86 a matrix with solid lipids instead of oil. Several types of solid lipids have been used to prepare 

87 SLNs 37–39 but Geleol® (glycerol monostearate) is a fascinating since even at low concentrations 

88 is enough to produce SLNs that, after cooling, have a semisolid appearance.38,39 This occurred 

89 due to the lower melting point and composition of Geleol® which contains high amount of 

90 monoglycerides, that can form hydrogen bonds with water molecules to promote swelling and 

91 exhibit a semisolid appearance.39

92 Most sun care products are semisolid in the form of ointments, gels, cream, or lotion forms 

93 and normally preferred because of their more convenient application. Tursili et al. found that 

94 the hydrogel carrier provided stabilization of the microparticle-entrapped sunscreen and 

95 increased the skin's retention capacity compared to other carriers.40 Therefore, hydrogels have 
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96 received much attention due to their unique advantages: a three-dimensional pore structure that 

97 fits the extracellular matrix.41–43

98 However, few studies have examined the skin delivery of bioactive compounds of 

99 safflower which has the lipophilic properties as the antioxidant and photoprotective bioactive 

100 compounds. Therefore, in our study we investigated the increased penetration of antioxidant 

101 substances of safflower petals extract (SPE), QU, and LU, loaded into a solid lipid 

102 nanoparticulate-based hydrogel formulation. The extraction solvent selection was optimized to 

103 achieve the maximum phenolic and flavonoid content, and the total phenolic (TPC), flavonoid 

104 (TFC), and antioxidant activity were investigated. Subsequently, the SPE-loaded SLNs were 

105 formulated, optimized, and characterized. Solubility studies, in vitro release and the haemolytic 

106 assay were conducted. Finally, considering that antioxidants can efficiently adhere to the skin 

107 surface for topical delivery, a hydrogel dosage form was used to apply and hold SPE-loaded 

108 SLNs on the skin for protection against UV radiation.

109 2. EXPERIMENTAL SECTIONS

110 2.2.1. Materials

111 The safflower samples were obtained from Bone, South Sulawesi, Indonesia. Geleol® 

112 (glycerol monostearate) was generously given by Gattefosse Pvt. Ltd., France. Carbomer, 

113 poly(vinyl alcohol) PVA (9–10 kDa), Tween80 and sodium dihydrogen phosphate were 

114 purchased from Sigma-Aldrich (Dorset, UK). Other chemicals used in this experiment were 

115 analytical grade.

116 2.2.2. Extraction Process

117 The extraction process, the determination of total phenolic content, the determination of total 

118 flavonoid content, the antioxidant activity determination and HPLC analysis are shown in the 

119 supplementary materials in Section S2.
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120 2.2.3. Formulation of SPE-loaded SLNs. SLNs containing SPE were produced through an 

121 emulsification-solvent evaporation method. Several formulas were prepared using various lipid 

122 concentrations (Geleol®) duration of homogenization, and type of surfactants (Tween 80 and 

123 PVA) to determine the effect of these formulation parameters on the physicochemical 

124 properties of obtained SPE-loaded SLNs. These various formulation parameters are presented 

125 in Table 1. 

126 Table 1. Formulation parameters used to prepare SPE-loaded SLNs

Formulation Geleol® (mg) Tween 80 PVA

F1 100 1% -

F2 150 1% -

F3 200 1% -

F4 250 1% -

F5 100 - 1%

F6 150 - 1%

F7 200 - 1%

F8 250 - 1%

F9 100 2% -

F10 150 2% -

F11 200 2% -

F12 250 2% -

F13 100 - 2%

F14 150 - 2%

F15 200 - 2%

F16 250 - 2%

127
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128 In this study, 100 mg of SPE and Geleol®, which were accurately weighed according to Table 

129 1 were dissolved in 15 mL of chloroform:methanol mixture (1:1 v/v). The organic phase was 

130 slowly poured into the aqueous phase containing the surfactant and processed with a 

131 homogenizer Ultra-Turax IKA® T18 (IKA, Campinas, Brazil) at 15,000 rpm for 10 minutes 

132 for the F1-F8 formula and 20 minutes for the F9-F16 formulations. Afterward, the organic 

133 solvent was removed by stirring at 4 h at room temperature in a fume hood.

134 2.2.4. Characterization of SLNs 

135 2.2.4.1. Particle Size, PDI, and Zeta Potential. The assessment of mean particle size, polydispersity 

136 index (PDI), and zeta potential of the SPE-loaded SLNs was conducted by dynamic light scattering at 

137 90° scattering angel using using a Malvern Zeta Sizer® (Malvern Instruments Ltd, UK), at 25 °C. 

138 Specifically, Z-average (d.nm) with intensity (%) was used to represent the particle size. Before the 

139 measurements, the SLNs were diluted with distilled water.

140 2.2.4.2. Encapsulation efficiency. The encapsulation efficiency (EE) was determined by 

141 measuring the free drug concentration with the centrifugation method. Dispersion SPE-loaded 

142 SLN was centrifuged in a high-speed centrifuge at 14,800 × g for 60 min at 4 °C. Then, the 

143 supernatant as the free drug concentration was determined using the previously described 

144 HPLC method. The percentage of EE was calculated according to the following equation.44,45

145                                                            (1)%𝐸𝐸 =
𝑎 ― 𝑏

𝑎 × 100%

146 where a and b are the amounts of total SPE-loaded SLN used in the formulation and free drug 

147 in the supernatant, respectively; their units are μg/mL.
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148 2.2.4.3. FTIR study. The SLNs formulation was subjected to FTIR (Fourier Transform 

149 Infrared) Spectrometer Accutrac FT/IR-4100 Series (Jasco, Essex, UK) connected to Diamond 

150 MIRacle™ ATR over a wavenumber range of 4000–400 cm−1.

151 2.2.4.4. DSC. The DSC analysis was carried out using TA Instruments DSC Q100 (TA 

152 Instruments, New Castle, Delaware, USA) to obtain thermograms of SPE, blank SLN, and 

153 SPE-loaded SLNs. The specific amounts of each sample were heated in an aluminum pan at a 

154 heating rate of 10 ℃/min from 25 to 280℃ under a nitrogen atmosphere which was purged at 

155 a flow rate of 10 mL/min. The results obtained from the DSC analysis were analyzed using TA 

156 Instruments Universal Analysis, version 4.5A.

157 2.2.4.5. Powder X-ray diffraction (PXRD). Crystalline characteristics of the SLNs 

158 formulation were assessed through PXRD-X Miniflex™ (Rigaku Corporation, Tokyo, Japan). 

159 Studies were carried out on the samples by exposing them to Ni-filtered radiation, Cu Kβ (15 

160 mA, 30 kV).46

161 2.2.4.6. Scanning Electron Microscope. Morphological examination of SPE-loaded SLN was 

162 examined using a scanning electron microscope (SEM) (JEM-1400Plus, Tokyo, Japan). 

163 Initially, 100 μL of SLNs were air-dried and coated with gold under vacuum sputter. The 

164 analysis was carried out at 15 kV.

165 2.2.4.7. Solubility analysis. The saturated solubility analysis of quercetin (QU) and luteolin 

166 (LU) in SPE and SPE-loaded SLNs was performed in 20 mL of water or n-octanol in a closed 

167 glass vial at room temperature. The blend was mixed under stirring at 500 rpm for 1 h. 

168 Afterward, the blend was centrifuged at 2800 × g for 15 min. Subsequently, the supernatant 

169 was obtained and analyzed for solubility after appropriate dilution using HPLC analysis.46
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170 2.2.4.8. In vitro haemolytic assay. In vitro haemolytic activity studies were carried out to 

171 determine the safety and biocompatibility of SLNs formulations loaded with SPE. Wistar rat’s 

172 erythrocyte samples were separated from plasma using centrifugation at 2000 rpm (20 

173 minutes). Then the erythrocytes were washed with PBS 3 times, mixed using a vortex mixer 

174 and centrifugated for 10 min at 2000 rpm. Then the washed erythrocytes were resuspended 

175 with PBS until they reached a concentration of 10% v/v. Afterward, 100 µL of tested samples 

176 were mixed with 900 µL of erythrocytes. The mixture was then incubated for 1 h at 37 °C, 

177 centrifuged for 10 min at 7000 rpm, and the absorbance of the supernatant was detected using 

178 a UV–Vis Spectrophotometer (Shimadzu Co., Ltd., Tokyo, Japan) at 540 nm. As a positive and 

179 negative control, PBS and water were also measured, respectively. The percentage of 

180 haemolytic activity was calculated through the equation below 47,48:

181                          (2)Hemolysis (%) = (𝐴𝑏𝑠𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 ― 𝐴𝑏𝑠𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝐴𝑏𝑠𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 ― 𝐴𝑏𝑠𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙) × 100%

182 2.2.4.9. Stability study. Dispersion of SPE-loaded SLN was filled into sealed glass vials and 

183 stored in conditional room temperature (25 ± 2°C/60 ± 5% Relative Humidity) for 1 month. 

184 Every week, the formulations of SPE-loaded SLN were assessed in terms of particle size.

185
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186 2.2.4.10. In vitro release study using mathematical modelling. In vitro release studies were 

187 conducted by dialysis membrane diffusion technique. Briefly, the dispersion was sealed into 

188 Spectra-Por®, a 12,000-14,000 MWCO dialysis membrane bag (Spectrum Medical Industries, 

189 Los Angeles, CA, USA). To achieve sink condition during the release study, PBS (pH 7.4) 

190 containing 1% Tween 80 was used as a medium. The study was carried out at 37 °C in an 

191 orbital shaker (100 rpm). Furthermore, at each interval time, 1 mL of medium was collected 

192 from the PBS and replaced with the same volume of the fresh PBS. Samples were filtered and 

193 quantified by the HPLC methodology described in section 2.2.1.6.

194 To find out the drug release model from the manufactured dosage form, the percentage of drug 

195 released was then applied in various mathematical models as follows: 

196 Zero order: Qt = Q0+K0 t                                       (3) 

197 First order: ln Qt = ln Q0+K1 t                                      (4) 

198 Higuchi: Qt = KH                                           (5)𝑡

199 Korsmeyer-Peppas: Qt = Kt n                                       (6) 

200 Hixson Crowell:                              (7) 𝑄1/3
0 ― 𝑄1/3

𝑡 = 𝐾𝑠𝑡

201 where Qt (%) represents the amount of compound released at time t, Q0 represents the initial 

202 amount of Qt, t represents the time, n represents the diffusion release exponent, K0, K1, KH, Kt 

203 and Ks represent the release coefficients according to relevant kinetic models. 
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204 2.2.5. Preparation of Hydrogel containing SLNs. To prepare SLNs hydrogel, Carbomer 940 

205 (1% w/w) and glycerol (10% w/w) were mixed in distilled water and hydrated at room 

206 temperature overnight. The dispersion was neutralized by adding triethanolamine (1% w/w), 

207 producing a clear hydrogel. Meanwhile, the prepared SPE-loaded SLNs (1% w/w) were 

208 incorporated into the hydrogel and mixed evenly at 1000 rpm using a homogenizer. The blank 

209 hydrogel was prepared as before but without SPE being loaded into the SLNs.

210 2.2.6. Evaluation of hydrogel

211 2.2.6.1.Drug Uniformity Content and pH. Briefly, 0.5 g of SLNs-based hydrogel was 

212 dispersed in 5 mL of methanol and then sonicated for 30 min in a sonicator bath. Following 

213 this, the mixture was centrifuged for 15 min at 7000 rpm, and the concentration of bioactive 

214 compounds was analyzed using HPLC. Meanwhile, the apparent pH value of hydrogel 

215 formulation was measured using a pH meter under 25 ± 1 °C.

216 2.2.6.2. Spreadability. The spreadability was determined by observing the spreading diameter 

217 of 0.5 g of hydrogel after being tied up with a standardized weight of 500 g on the upper plate 

218 for 5 min.

219 2.2.6.3. In Vitro Skin Occlusivity Evaluation. The in vitro occlusion test was conducted 

220 according to the De Vringer method with slight modification.49 Briefly, the first 100 mL beaker 

221 was filled with 50 mL of water and covered with Whatman filter paper  (Whatman number 6, 

222 cutoff size: 3 µm, USA). Furthermore, 250 mg of SPE-loaded SLN hydrogel was spread on the 

223 surface of filter paper and stored at 32±0.5 °C for 48h (skin temperature). To calculate water 

224 loss from evaporation, samples were weighed at 0, 6, 24, and 48 h. Furthermore, for reference, 

225 the measuring cup was covered with filter paper but without the application of the hydrogel. 

226 The occlusivity (F0) was calculated as:

227                                                     (8)𝐹0 =
𝑊0 ― 𝑊1

𝑊0 × 100
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228 where W0 is the amount of water loss of the reference and W1 is the amount of water loss of 

229 the formulation group.

230 2.2.6.4. Ex-vivo Bioadhesive Strength. The bioadhesive strength of the blank (negative 

231 control) and SPE-loaded SLN hydrogel formed (positive control) was measured ex vivo using 

232 the skin tissue of Wistar rats using the modified balance method. The left side of the double-

233 pan scale was removed, a glass bottle was hung upside down by the string, and another glass 

234 bottle was placed under it. Then, the rat skin tissue was washed using normal saline (0.9% 

235 NaCl w/v), after which it was followed by immersion in phosphate buffer pH 7.4, which was 

236 maintained at 37 ± 1 °C for 30 minutes. Furthermore, the prepared skin tissue was attached to 

237 the upper and lower vials, and each 1 g of the hydrogel formulation was pipetted between the 

238 skin tissue, which was cut to 4.5 cm2. The right pan of a double-pan was added with loads every 

239 30 seconds over the pan to measure the maximum weight required to detach the hydrogel from 

240 the skin tissue. The bioadhesive strength was calculated in terms of force per unit area using 

241 the following equation 47,48:

242 Bioadhesive strength (N/m2) =                                              (9) 
𝑚 × 𝑔 × 0.1

𝐴

243 where m is the weight (grams) required to remove the formed hydrogel from the rat skin, g is 

244 gravity acceleration (9.8 m/s2), and A is the surface area of the rat skin (cm2). 
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245 2.2.6.5. SEM analysis of hydrogel. SEM analysis was carried out to observe the surface 

246 morphology of SLNs-based hydrogel. The hydrogel was mounted and sputter coated with gold 

247 after being lyophilized under vacuum. Then, SEM analysis of was carried out scanning electron 

248 microscope (SEM) (JEM-1400Plus, Tokyo, Japan) with an accelerating voltage of 20 kV.

249 2.2.6.6. Ex-vivo Skin Permeation and Retention Studies. Ex-vivo skin permeation of SPE 

250 (negative control) and SPE-loaded SLNs formulation (positive control) was conducted using 

251 the Franz-type diffusion cells. The abdominal skin of Wistar rats was shaved and mounted on 

252 25 mL Franz-type diffusion cells after being equilibrated in PBS (pH 7.4) containing 1% w/v 

253 Tween 80 as a medium with an effective diffusion area of 4.9 cm2. The collection of the skin 

254 was approved by Ethical Committee, Hasanuddin University, Indonesia. Furthermore, the 

255 receptor chamber was filled with a 10 mL diffusion medium, and the cells were maintained at 

256 (37 ± 0.5 °C) with stirring at 100 rpm. The 0.5 g SLNs-based hydrogel containing SPE was 

257 applied to the skin surface, and a 0.5 mL sample of the receptor chamber was withdrawn at 

258 predetermined time intervals. Afterward, it was immediately replaced with an equivalent 

259 volume of fresh medium maintained at 37 ± 0.5 °C. The samples were filtered through an 

260 aqueous 0.45 µm membrane filter and analyzed by HPLC to determine the amount of drug 

261 permeated from SLNs-based hydrogel.

262 The drug retained in the skin was also estimated after 24 h following the skin permeation study. 

263 The skin was removed and cut into small pieces using scissors, and the pieces were washed 

264 three times with distilled water to remove any excess formulations. It was subjected to bath 

265 sonication for 6 h to extract the drug from the skin. The samples were centrifuged at 2800 ×g 

266 for 15 min, and the supernatant was collected and subjected to HPLC for analysis.
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267 2.2.6.7. Antioxidant Activity and Sun Protective Factor (SPF) of Optimised Formulation. 

268 The antioxidant activity of optimized hydrogel SPE-loaded SLNs was investigated using the 

269 previously described method for SPE. Determination of in vitro SPF of SPE using the UV-

270 Visible spectrophotometric method. A quantitative solution with the range concentration of 

271 0.1-1 mg/mL were prepared. The SPF value was determined by calculating the absorption of 

272 each solution at a wavelength of 290-320 nm with an interval of 5 nm. SPF values were 

273 calculated as follows:

274                                       (10)𝑆𝑃𝐹 = 𝐶𝐹 × 𝛴
320 𝑛𝑚
290 𝑛𝑚𝐸𝐸λ × 𝐼λ × 𝐴𝑏𝑠λ

275 where CF (Correction Factor) is 10 (constant), EEλ is the erythema effect spectrum, Iλ is the 

276 sun intensity spectrum, and Abs is the absorbance of the analyzed sunscreen product.

277 2.2.7. Statistical Analysis. Quantitative data were presented as mean ± standard deviation 

278 (SD) for three replicates. GraphPad Prism® version 6 (GraphPad Software, USA) was used to 

279 perform statistical analysis of the data obtained, and significant differences were expressed in 

280 p values < 0.05.

281 3. Results and discussion

282 This study was conducted to study the antioxidant potential of SPE-loaded SLN in topical drug 

283 delivery. The results of the extraction process, the determination of total phenolic content, the 

284 determination of total flavonoid content, the antioxidant activity determination and HPLC 

285 analysis are depicted in the supplementary materials in Section S3. In order to enhance the 

286 penetration of antioxidant substances of safflower petals extract (SPE) such as QU and LU, 

287 SPE-loaded SLN formulations have been proposed in the present paper. 
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288 3.1 Solid Lipid Nanoparticle Formulation. The effects of various parameters were studied 

289 in optimizing SPE-loaded SLNs formulation, such as difference in Geleol® concentration, 

290 duration of homogenization, and type of surfactants (Tween 80 and PVA (Mw=9-10 kDa)) 

291 used. Based on previous research, Geleol® was selected because it has the lowest melting point 

292 of ~55 °C. This could lead to the lowest viscosity in the medium, resulting in increased 

293 homogenization and sonication efficiency to produce smaller particles.50 Additionally, it 

294 showed a semisolid appearance after cooling, even in low concentrations.39 In the screening of 

295 surfactants, Tween 80 and PVA were used because of their non-ionic nature.39,51 

296 3.2 Characterization of SPE-loaded SLNs

297 3.2.1. Particle size, PDI, Zeta Potential, and Encapsulation efficiency 

298

299 Figure 1. Characterization of nanoparticles. Particle size (A), PDI (B), Zeta potential (C) of 

300 different SPE-loaded SLNs formulations, and Encapsulation efficiency of QU and LU (D) of 

301 different SPE-loaded SLNs formulations (means ± SD, n = 3)

302 As shown in Figure 1A-B, the high concentration of Geleol in the SLNs formulation 

303 increased the particle size and PDI of SLNs only for the PVA surfactant case. This can be 

304 caused by increasing the concentration of Geleol will increase the viscosity of the dispersion. 

305 Therefore, the efficiency of the homogenization and sonication steps in reducing the particle 
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306 size of the melted lipid droplets was reduced. Meanwhile, Tween 80 surfactant seemed to 

307 produce a more consistent particle size and PDI regardless of Geleol concentration. Regarding 

308 the zeta potential measurement, the SLNs varied between -29.33 and -33.91 mV (Figure 1C), 

309 indicating electrostatic repulsion between particles to prevent aggregation and stabilize the 

310 dispersion of SLNs. 52 All formulations had a negative charge due to the anionic nature of the 

311 lipids.  The narrow range of zeta potentials could be related to the use of same lipid types with 

312 different concentrations. Moreover, the high concentration of Geleol in the SLNs formulation 

313 also increased the encapsulation efficiency (EE) of QU and LU due to the solubilization of 

314 active compounds in the lipid (Figure 1D).

315 Regarding the type of surfactant utilized in the SLNs formulation, Tween 80 (HLB: 15) 

316 and PVA (HLB: 18) are both non-ionic surfactants. In the same concentration, the surfactant 

317 Tween 80 was preferred over PVA because it showed a decrease in particle size and increased 

318 encapsulation efficiency (EE) of QU and LU. The particle size of SPE-loaded SLNs prepared 

319 with higher concentrations of Tween 80 were seemed beneficial to slightly reduce the particle 

320 size. Besides, it also led to lower the PDI values. Tween 80 has an HLB value in the effective 

321 range of 12-16 to produce a stable oil-in-water (O/W) emulsion. A high %EE can also be 

322 attributed to the lipophilic nature of QU and LU due to the higher affinity for the lipid matrix. 

323 Consequently, it can increase the number of drugs encapsulated in the lipid core.

324 Increasing the homogenization and sonication time from 10 to 20 minutes decreased 

325 the particle size significantly (p < 0.05). The prolonged homogenization and sonication time 

326 results in more energy for the nanoparticle dispersion, reducing the size of the SLNs. 

327 Considering that the encapsulation efficiency decreased with increasing homogenization time, 

328 10 minutes was sufficient to obtain the optimal formulation of SPE-loaded SLNs.
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329 According to the results of particle size and encapsulation efficiency of both QU and 

330 LU compounds, F3 and F4 were selected to be the optimal formula. The results obtained from 

331 F3 and F4 were not statistically significant compared to one another.

332 3.2.2. FTIR Study. Figure 2A describes the FTIR spectrum of SPE and its formulation in 

333 SLNs. The specific functional groups QU and LU in the FTIR spectrum are summarized as 

334 follows: SPE: 1150-1500 cm−1 (aromatic bonding), 1239 cm−1 (-C-O-C bonding), 1367 cm−1 

335 (-C-O–H, stretching), 1521 cm−1 (C-C=C asymmetric stretching), 1617 cm−1 (-C-O stretching 

336 of quercetin and C=O vibration of the central heterocyclic ring of luteolin), 1681 cm−1 (C=O 

337 stretching of the ketone carbonyl), 3434 cm−1 (-OH vibration of the phenolic group of QU and 

338 LU). Furthermore, in the spectrum of Geleol, specific peaks were observed at 1215 cm-1 and 

339 721 cm-1, corresponding to C-H stretching and C-H bending, respectively. The results showed 

340 that the functional groups characteristic of QU and LU were still recognizable in the FTIR 

341 spectrum of the physical mixture and the SPE-loaded SLNs formulation. This indicates an 

342 adequate entrapment of QU and LU in a lipid matrix and no chemical interaction between the 

343 drug and excipients used in the formulation. 

344
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345

346 Figure 2. FTIR spectra (A), DSC (B), PXRD diffraction (C) of extract, Geleol, physical 

347 mixture, F3 and F4 SPE-loaded SLNs formulation, SEM images of F3 and F4 SPE-loaded 

348 SLNs formulation (D)

349
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350 3.2.3. DSC analysis. Several studies regarding the thermal analysis of SLNs used variations 

351 of the scanning rate from 1-50 ml/min under nitrogen purge 53–55. This scan rate level will give 

352 different transition temperatures and peak shapes on the DSC melting curve. At high scanning 

353 rates, there is no time for the heat to be transmitted from the heating elements of the DSC cell 

354 to the sample, resulting in a higher peak transition. Moreover, too high heating rates will give 

355 the smooth shape of the melting curve and, as a result, detailed information may get lost. 

356 Meanwhile, at a lower scanning rate it also causes a narrowing of the melting endotherms or 

357 crystallization exotherms. A low scan rate (1 °C/min) gives several peaks that are close 

358 together. Thus, in the current study we used 10 °C/min to produce a distinguishable thermal 

359 transition 56. 

360 DSC thermograms of SPE and SPE-loaded SLN are shown in Figure 2B. The profile of the 

361 extract showed a sharp endothermic peak at 321 °C, which corresponds to QU and LU melting 

362 points that show a highly crystalline nature for these two materials.57,58 The peak was found at 

363 61 °C in the Geleol thermogram, indicating its melting point. In the thermogram of the physical 

364 mixture, all peaks were also observed. However, this peak disappeared in the SPE-loaded SLNs 

365 formulation. This may indicate complete encapsulation of the two compounds or the 

366 transformation to an amorphous state molecularly dispersed in the lipid matrix.51 The 

367 nanoparticles show glass transition characteristics that occurred between 30-80 °C, as 

368 compared to the extract thermogram. The appearance of the glass transition and the decrease 

369 in melting temperature might be attributed to the reduced particle size and increased surface 

370 area (Gibbs–Thompson effect).59
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371 3.2.4. PXRD and Scanning Electron Microscope. Figure 2C represents the XRD pattern for 

372 the SPE and the optimized formulation, such as F3 and F4. The XRD SPE pattern showed 

373 intense peaks at an angle of 2Ɵ 15-30°, and the crystalline nature of the extract compounds 

374 was found. XRD pattern of Geleol showed low peaks between 20-25°, indicating its low 

375 crystallinity. In the physical mixture diffractogram, all peaks were identified. Meanwhile, the 

376 peak disappeared in the XRD spectrum of SPE-loaded SLN, which showed amorphous nature 

377 that increase solubility. Formulation amorphization revealed that most of the drug was trapped 

378 in lipids and dispersed homogeneously at the molecular level, in agreement with the previous 

379 DSC results.

380 SEM images of the optimized SLNs (F3 and F4) are presented in Figure 2D. The results 

381 exhibited spherical and homogeneous particles, and the SEM photograph suggested that the 

382 SLN possessed a smooth surface. The particle size value shown in the SEM was in close 

383 agreement with the size measurement by PSA, which is approximately 135.98 ± 12.09 nm and 

384 202.36 ± 14.21 nm for F3 and F4, respectively. 

385 3.2.5. Solubility Analysis. The solubility of QU and LU is one of the essential factors that 

386 must be considered in the SLN formulation. In this study, we compared the solubility of QU 

387 and LU from SPE, as well as from formulas F3 and F4 SPE-loaded SLN in water and n-octanol 

388 solvents. The test results are depicted in Table 2, which shows that the water solubility of the 

389 compounds QU and LU (SPE) was observed to be 28.32 ± 2.13 μg/mL and 17.23 ± 1.61 μg/mL, 

390 respectively. Meanwhile, the solubility of QU and LU (SPE) compounds in n-octanol showed 

391 a significantly different solubility effect (p < 0.05) compared to their solubility in water, 

392 namely 498.56 ± 43.21 μg/mL and 504.34 ± 47.87 μg/mL, for QU and LU, respectively. This 

393 also explains the hydrophobic nature of the compound.

394
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395 Table 2. Solubility of QU and LU from Safflower petals extract (SPE), F3, and F4 of SLN 

396 formulations (means ± SD, n = 3).

Compound Samples
Aqueous solubility 

(μg/mL)

n-octanol solubility 

(μg/mL)

SPE 28.32 ± 2.13 498.56 ± 43.21

SLNs-F3 385.43 ± 21.43 509.44 ± 47.03
Quercetin 

(QU)
SLNs-F4 309.41 ± 29.37 503.12 ± 48.38

SPE 17.23 ± 1.61 504.34 ± 47.87

SLNs-F3 358.43 ± 31.98 598.57 ± 54.39
Luteolin 

(LU)
SLNs-F4 299.73 ± 27.46 549.59 ± 51.37

397

398 Furthermore, the solubility of QU and LU of the SPE-loaded SLN formulation showed 

399 an increase in the solubility of QU and LU in water and n-octanol. The solubility of QU and 

400 LU of the SPE-loaded SLN formulation in water showed a significant (p < 0.05) increase of 

401 approximately 12-fold and 20-fold for QU and LU, respectively, compared to the solubility of 

402 the compound from SPE in water. A small increase was observed in n-octanol, approximately 

403 1.1 times higher than SPE. This significant increase (p < 0.05) of aqueous solubility was due 

404 to the heating step of the hot emulsification process, in which the active compounds partitioned 

405 from the lipid droplets in the SLN formulation melted into the aqueous phase.24 Several studies 

406 have demonstrated the drug delivery capability of solid lipid nanoparticle systems in increasing 

407 solubility for hydrophobic drugs or having low solubility in water.23,60,61
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408 3.2.6. In vitro hemolytic assay.  In this work, the in vitro hemolysis assay was used to measure 

409 the hemocompatibility of SPE-loaded SLNs. The index value considered safe was less than 

410 5%.62 A hemolytic activity assay was carried out using Wistar rats. From Figure 3A and 3B, 

411 the formulation of SLNs containing SPE showed a hemolysis value of less than 5% at all tested 

412 concentrations (5-500 µg/mL) of SPE-loaded SLNs. Therefore, the prepared SPE-loaded SLNs 

413 had no hemolytic effect and were considered safe for use at the concentrations tested.

414

415 Figure 3. Hemolytic activity test. Image representative (A), hemolysis index value (B). 

416 Stability study results of SLNs (C) (Means ± SD, n = 3).
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417 3.2.7. Stability study. In an attempt to assess the stability of the SLNs, the particle size was 

418 observed for 1 month at 25°C. The result of this study is depicted in Figure 3C, indicating that 

419 despite the increase in the particle size, there was no significant difference (p < 0.05) after 1 

420 month storage. Accordingly, it could be concluded that both formulations were physically 

421 stable.

422 3.2.8. In vitro drug release. The cumulative percentage drug release from SPE and optimized 

423 SPE-loaded SLNs formulations were investigated for 24 h (Figure 4). The release of the active 

424 compound from SPE for 24 h was 20.35 ± 1.72% and 17.06 ± 1 .32% for QU and LU. 

425 Meanwhile, when SPE was incorporated into SLNs, the release of QU and LU became 

426 significantly faster (p < 0.05), reaching 84.98 ± 7.43% and 76.81 ± 6.43% for F3, respectively, 

427 and 73.14 ± 6.05% and 66.34 ± 5.38% for F4, respectively. Combining SLNs and hydrogels 

428 will display both component advantages such as the protection and the improvement of the 

429 solubility of the lipophilic active molecule, while improving the drug release. Even though the 

430 drug release from SPE-loaded SLN-bearing hydrogel formulations is faster, the sustained drug 

431 release for 24 hours is still be observed, suggesting their applicability as the carrier to protect 

432 the skin from the UV-rays all day.

433 Moreover, the percentage of drug dissolution data was fixed in several kinetic models 

434 to evaluate the dissolving mechanism and QU and LU from SLN matrices (Table 3). The most 

435 suitable release model was selected according to the correlation coefficient value. The results 

436 revealed that the release profile of the two compounds from the SLNs formulation seemed to 

437 follow the Higuchi model (R > 0.95). Meanwhile, the SPE-loaded SLNs showed a high 

438 correlation for the Higuchi model, where the release of the drug from the formulation was 

439 controlled by diffusion through the matrix. 
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440

441 Figure 4. In vitro drug release profile of QU (A) and LU (B) from F3, F4, and Safflower 

442 extract (Means ± SD, n = 3).

443

444 Table 3. Kinetic models of SPE-loaded SLNs

Regression coefficient (R2) values

Formula Zero-Order
First-

Order
Higuchi

Hixson-

Crowell

Korsmeyer–

Peppas

F3 0.81 0.93 0.98 0.87 0.95

F4 0.84 0.92 0.97 0.83 0.92

445
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446 3.3 Characterization of SLNs Hydrogel

447 3.3.1 Drug uniformity and pH. To assess the effect of the formulation on the distribution of 

448 compounds in the hydrogel formulations, a content uniformity test of the two main chemicals 

449 of SPE in the SPE-loaded SLN formulation was carried out. Figure 5A showed that the analyte 

450 recovery at F3 was 97.65 ± 1.32% and 98.56 ± 1.43% for QU and LU, respectively. Meanwhile, 

451 the analyte recovery results at F4 were 99.54 ± 1.62% and 98.18 ± 1.58% for QU and LU, 

452 respectively. These results indicate that the formulation procedure carried out did not affect the 

453 recovery and homogeneity of QU and LU compounds in the hydrogel, so the two formulas 

454 produced can be considered to possess good content uniformity. Regarding formulation pH 

455 (Figure 5B), the blank hydrogel's pH was 6.74 ± 0.23, while the pH of the charged hydrogel 

456 SLNs was in the range of 5.56 ± 0.21 and 5.61 ± 0.19 for F3 and F4, respectively. The pH of 

457 the hydrogel was in the normal skin pH range of 5 to 6. The pH test was important to determine 

458 the acidity level of the formulation made to prevent irritation.

459 3.3.2 Spreadability. SLNs-incorporated hydrogels were further evaluated for spreadability to 

460 evaluate customer compliance, depicted in Figure 5C, and the dispersion was found to be 56.54 

461 ± 2.87 mm for blank gel. Meanwhile, the dispersion of the F3 and F4 hydrogels was 55.98 ± 

462 2.71 mm and 56.01 ± 2.93, respectively. The standard range of a suitable hydrogel formulation 

463 is between 50-70 mm. Based on F3 and F4, the results of the dispersion test were equally 

464 acceptable. Additionally, the incorporation of SPE-loaded SLNs into hydrogel formulation did 

465 not change (p > 0.05) the spreadability of the final products.
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466

467 Figure 5. Drug uniformity content (A), pH (B), spreadability (C), in vitro skin occlusivity (D), 

468 and bioadhesive strength (E) of hydrogel formulation in comparison with blank hydrogel 

469 (means ± SD, n = 3).
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470 3.3.3 Skin Occlusivity Evaluation. To assess the ability of the SPE-loaded SLN formulation 

471 to maintain its skin hydrating properties after application, an in vitro evaluation of the skin 

472 occlusives was carried out. The results of in vitro skin occlusives for 48 h are shown in Figure 

473 5D. Furthermore, F3 and F4 showed an increase in occlusiveness of 59.09 ± 4.31% and 62.43 

474 ± 4.87%, respectively, when the shell occlusive values of the blank gels (38.77 ± 2.78%) were 

475 compared with those of the hydrogel SLNs. The better occlusion properties incorporated with 

476 SPE-loaded SLNs can be attributed to the dense nature of the lipid components. This prevents 

477 the evaporation of water to a greater extent and also to the aqueous phase of the hydrogels. It 

478 can increase skin hydration for up to 48 hours, allowing drug penetration through the stratum 

479 corneum due to the reduction of the corneocyte gap.63

480 3.3.4 Bioadhesive Strength. Flexibility and softness are characteristics of an ideal topical 

481 hydrogel, but the ability to withstand pressure damage from external mechanical forces and the 

482 ability to stick to the skin for a long time after application are also characteristics that must be 

483 met by the hydrogel. Therefore, in this study, a bioadhesive strength test was carried out on the 

484 SPE-loaded SLN formula. There are three types of gel tested in this study, namely blank gel 

485 and gel containing F3 and F4. Figure 5E shows the bioadhesive strength of each hydrogel. The 

486 results of the three gels showed that the addition of SPE-loaded SLNs into the hydrogel did not 

487 change the ability of the gel to adhere to the skin. Then based on statistical results, no 

488 significant difference was observed for each hydrogel made. This particular trend can be 

489 attributed to the fact that the anionic hydrophilic polymer used, Carbopol 940, tends to 

490 disentangle due to its carboxylic acid groups being partially ionized in solution, which leads to 

491 bioadhesion.67 In addition, Carbopol 940 undergoes crosslinking so that it has a longer contact 

492 time on the skin, so they are more available for interpenetration with the superficial epithelial 

493 cells.68
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494 3.3.5 SEM analysis of hydrogel. Following the observation using SEM, it was found that all 

495 hydrogel formulations possessed rough surface with higher brawl borders. The SEM images of 

496 all formulations are exhibited in Figure 6. As shown, the SLNs were completely entrapped in 

497 the hydrogel matrices. Therefore, this could potentially provide sustained release behaviour of 

498 the bioactive compounds from the Carbopol-based hydrogel formulations.64

499

500 Figure 6. Morphology of hydrogels containing F3 (A), F4 (B) and extract (C) analyzed by 
501 SEM.
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502 3.3.6 Skin Permeation and Retention Studies. The cumulative amount of QU and LU 

503 permeating the skin from SPE, F3, and F4 hydrogels is reported in Figure 7. The results showed 

504 that the skin permeation of QU and LU in SPE for 24 h was very small at 1.98 ± 0.17% and 

505 1.19 ± 0.12%, respectively. On the other hand, F3 and F4 SLN-based hydrogels permeation 

506 increased significantly (p<0.05). After applying F3 hydrogel for 24 h, 39.84 ± 3.87% and 37.49 

507 ± 3.09% of the applied QU and LU permeated through the skin, respectively. Meanwhile, QU 

508 and LU permeations from hydrogel F4 after 24 hours were calculated to be 21.24 ± 2.09% and 

509 19.24 ± 1.72%, respectively. SLNs have been linked to higher levels of penetration due to their 

510 direct effect on skin hydration, causing increased water retention in the stratum corneum as a 

511 result of film formation from fatty esters that are bound only by van der Waals interactions to 

512 the skin surface. These fatty esters form lipid particles enable the drug to pass through the skin's 

513 deep layers.49,56,65 The skin permeation value of F3 was found to be higher than F4 because of 

514 the smaller particle size. In the skin permeation study using a Franz diffusion cell, the rate 

515 depends on various factors, such as particle size. Smaller particle sizes could potentially result 

516 in more drug permeation. However, there is still ongoing discussion regarding the precise 

517 number representing the maximum diameter of nanoparticles that can be penetrated through 

518 the skin. Several studies have shown that the smaller the particle size indicates higher and faster 

519 skin penetration. Later, Lademann found out that 300–600 nm particles were still able to 

520 penetrate the follicle on massage as a consequence of the spacing between the scales on the 

521 hair, and suggested that the movement of the hair serves as a directed pump to push the particles 

522 into the follicles.66
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523

524 Figure 7. Ex vivo permeation profile of QU (A) and LU (B) from Gel-F3, Gel-F4, and Gel-

525 Extract (means ± SD, n = 3).

526 These data also show good drug retention in the epidermal layer. Since the 

527 lipoperoxidation inhibition process occurs mainly when the active component passes through 

528 the epidermis, skin drug retention is a significant factor impacting the efficacy of anti-aging 

529 therapies. Drug retention increased when SPEs were incorporated into SLNs (Figure 8A-C). 

530 Higher SPE lipophilicity and potential effects of SLN on the skin are associated with a 19-fold 

531 increase. Regarding drug retention, F4 was greater than F3 due to the bigger particle size. 

532
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533

534 Figure 8. In vitro skin drug retention profiles of QU and LU after 24 h permeation study from 

535 Gel-F3 (A), Gel-F4 (B), Gel-Extract (C), antioxidant activity (IC50) against DPPH and lipid 

536 peroxidation of hydrogel (D), SPF value (E) (means ± SD, n = 3).
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537 The retention profiles of QU and LU can be attributed to the occlusive properties of the 

538 previously described SLN, where occlusives can increase skin permeability and hydration. In 

539 addition, drug accumulation in the upper skin layer can also occur, resulting in decreased drug 

540 flux, and drug residence time in the skin can be extended by creating a reservoir. Thus, these 

541 antioxidant agents can provide longer-lasting protection.

542 3.4 Antioxidant Activity and Sun Protective Factor (SPF) of Optimised Formulation. The 

543 evaluation of antioxidant activity of F3 and F4 hydrogels against DPPH and lipid peroxidation 

544 are shown in Figure 8D. IC50 against DPPH was found to be 36.65 ± 2.86 μg/mL and 37.09 ± 

545 3.02 μg/mL for F3 and F4, respectively. Meanwhile, IC50 in inhibition of lipid peroxidation 

546 was 49.65 ± 3.32 μg/mL for F3 and 51.23 ± 4.98 μg/mL for F4. Statistical analysis showed that 

547 the SPE-loaded SLN formulas F3 and F4 did not differ significantly (p > 0.05), so from the 

548 results obtained, it can be concluded that the antioxidant effectiveness of SPE was not affected 

549 by the formulation produced.

550 Finally, the formulation was tested for sun protecting factor (SPF) value. SPF is a 

551 quantitative measurement carried out to determine the effectiveness of a sunscreen formulation 

552 in its ability to protect and prevent skin damage. The in vitro SPF values was determined by 

553 UV spectrophotometry between the wavelengths of 290-320 nm to verify absorption in the 

554 UVB (290–320) regions. Since the UVB being responsible for immediate damage, causing 

555 burns, skin cancer. Meanwhile, UVA radiation penetrates deeper and can damage the DNA, 

556 oxidize the lipids, and produce dangerous free radicals, which can cause inflammation, break 

557 the cellular communication, modify the gene expression in response to stress, and weaken the 

558 skin's immune response. But both radiations are linked to skin cancer 69.

559 The US Food and Drug Administration (FDA) recommends that to help reduce the risk of 

560 sun damage, sunscreen products should have an SPF of 15 or higher.70 In this study, it was 

561 found that the SPF value of the hydrogel formulation on SPE and SPE-loaded SLNs, F3 and 
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562 F4 hydrogel were 16.54 ± 1.29; 15.69 ± 1.33; 16.03 ± 1.41, respectively (Figure 8E). Based on 

563 statistical analysis, the formulations of SPE and SPE-loaded SLNs were not significantly 

564 different (p > 0.05). These results indicate that SPE incorporation into SLNs does not change 

565 SPE's ability to protect skin against UV lights. All formulas have an SPF value> 15 in 

566 accordance with the recommendations from the FDA and the results obtained also indicate that 

567 this Safflower petal has high photoprotective properties.

568 Overall, the findings presented in this study indicate that the formulation of SPE-loaded 

569 SLNs leads to increased skin penetration and retention of the antioxidant substance of 

570 Safflower petals extract (SPE), QU, and LU. Then, after being formulated into the hydrogel, 

571 the SLNs also had no haemolytic effect and could adhere to the skin, which helped the user 

572 apply the gel and protect the skin against UV radiation. These results have provided new 

573 insights into the natural antioxidant compounds contained in safflower petals in developing 

574 topical drug delivery systems for these compounds. Moving forwards, future research, 

575 including in vivo profiles studies, must now be performed to investigate more about the 

576 antioxidant activity of SPE after providing this innovative approach to the experimental 

577 animals. In addition, it is also necessary to evaluate the safety and risk assessment of SPE-

578 loaded SLNs antioxidant products in order to prevent allergic reactions or significant biological 

579 effects when applied the product topically.

580 4. Conclusion 

581 In this work, the results of the determination of antioxidant compounds of SPE in ethanol 

582 extracts as well as their application in the form of SLN-based hydrogels were presented. 

583 Quercetin (QU) and luteolin (LU), the hydrophobic substances, were found to be the major 

584 chemical constituents isolated from SPE which is known to have antioxidant properties. 

585 Furthermore, the inclusion of SPE into SLNs-based hydrogel formulations may favor the QU 

586 and LU solubility and penetration as well as its retention on the skin, which is impacting the 
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587 efficacy of photoprotective agents. The optimized F3 and F4 hydrogels tested were considered 

588 safe due to enhanced skin hydration and no haemolytic effect. Based on the results of 

589 antioxidant activity testing and SPF values, SPE-loaded SLNs based hydrogels show values 

590 that are in accordance with FDA recommendations and marked antioxidant activity in vitro 

591 thus displaying enormous potential to be developed as a topical sunscreen to prevent symptoms 

592 associated with photo-induced skin aging. Furthermore, it is necessary to conduct in vivo 

593 method and risk assessment to the appropriate experimental animals to describe this typical 

594 antioxidant activity and safety of this innovative approach thereby validating product 

595 performance and presenting a major limitation on the extent to which this material responds to 

596 the skin.
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Journal: Langmuir 

Manuscript ID: la-2022-02754m 

Title: "Development of solid lipid nanoparticles loaded polymeric hydrogels containing 

antioxidant and photoprotective bioactive compounds of Safflower (Carthamus tinctorius L.) 

for improved skin delivery" 

 

Response to Reviewers 

We thank the reviewer for reviewing the manuscript in detail and providing valuable 

suggestions for the improvement of our manuscript. We are pleased to submit the revision of 

the manuscript to Langmuir and addressed all comments, as follows: 

 

Reviewer(s)' Comments to Author: 

Reviewer: 1 

Recommendation: Major revisions needed as noted. 

Comments: 

In this manuscript, quercetin and luteolin, the active components of safflower, were extracted 

and then encapsulated in a hydrogel based on solid lipid nanoparticles to enhance solubility 

and skin permeability. It has been proved that this formulation has good antioxidant activity 

and sunscreen effect. However, there are major problems in the writing of the manuscript, 

which makes it difficult for readers to read. At the same time, it lacks professional expression 

and makes mistakes on many common-sense issues. In addition, the design of the material 

system lacks highlights, and the experimental scheme needs to be improved. The problems 

in the manuscript are as follows: 

Response: We thank the reviewers for reviewing the manuscript in detail and providing 

valuable suggestions for the improvement of our manuscript. All mistakes made have been 

addressed in detail, as follows: 

1. The abbreviation SPE appears for the first time in the abstract, but its full name is not 

stated. Meanwhile, the keyword photoprotective does not appear in the abstract. 

Response:  

We thank the reviewer for the comment. We have added the complete name for SPE 

in the abstract and included the keyword photoprotective in it.   



2. In the manuscript, line 158, FeCl2 is miswritten and line 171, the reversed-phase 

column size (150 × 4.6 mm, 5 m) should be changed to (150 × 4.6 mm, 5 μm). In line 

225, the heating rate of 10 C/min should be changed to 10℃/min. In line 329, the 

gravity acceleration (980 m/s2) should be changed into 9.8 m/s2. In line 517, SLNs is 

incorrectly expressed. In table4, the number 0,97 should be changed into 0.97. 

Response:  

We thank the reviewer for pointing this out. We have corrected those misspelling in 

our revised manuscript. 

3. In the manuscript, italics should be used in vivo and in vitro. In addition, the use of 

many units in the manuscript should also be standardized, such as μL and mL. 

Response:  

We thank the reviewer for pointing this out. We have corrected those misspelling in 

our revised manuscript. 

4. There are many figures in the manuscript that are not clear enough, as shown in Figure 

6, and it is recommended to redraw. In addition, some column charts have uneven 

color filling, as shown in Figure 1B, and it is recommended to redraw. 

Response:  

We thank the reviewer for pointing this out. As the reviewer suggestion, we have 

redrawn the unclear figures. 

5. The SEM images (Figure 4D) of SLNs formulations lack scale, which is very important. 

In addition, the author developed a hydrogel formulation based on solid lipid 

nanoparticles (SLNS), but did not conduct any characterization of the hydrogel 

morphology, which is not rigorous. 

Response:  

We thank the reviewer for pointing this out. We have added the scale in the SEM 

images (Figure 2D). Moreover, we have conducted the SEM analysis to observe the 

morphology of SLNs based hydrogel. Following the observation using SEM, it was 

found that all hydrogel formulations possessed rough surface with higher brawl 

borders. The SEM images of all formulations are exhibited in Figure 6. As shown, the 

SLNs were completely entrapped in the hydrogel matrices. Therefore, this could 

potentially provide sustained release behaviour of the bioactive compounds from the 

Carbopol-based hydrogel formulations.(Dudhipala and Gorre, 2020) 



6. In the in vitro penetration experiment of gel (as shown in FIG. 6 and FIG. 8), the time 

interval of measurement points was set unreasonable. Follow-up measurements 

should be taken during periods of rapid increase in data. 

Response:  

We thank the reviewers for the comments. However, in general, the in vitro release 

profiles and the ex vivo permeation studies from numerous compounds, including 

synthetic and natural compounds have been widely performed using the time interval 

that we performed in this study (Alhidayah et al., 2021; Ananda et al., 2021; Anjani et 

al., 2022; Donnelly et al., 2013; Enggi et al., 2021; Permana et al., 2019, 2020; Zhang 

et al., 2011). Some studies have shown that the sustained release profile of 

compounds from several delivery system can be observed in 24 hours. Importantly, as 

the hydrogel formulation developed in our study was intended for daily application, 

we performed 24 h with several time intervals to investigate the in vitro release and 

the ex vivo permeation behaviours.  

7. What is the maximum diameter of nanoparticles that can be penetrated through the 

skin and whether relevant experiments have been done to ensure that the 

formulation can meet the conditions of skin penetration?  

Response:  

We thank the reviewer for the question. In this study, we developed SPE-loaded SLNs 

to improve skin penetration. SLNs have been linked to higher levels of penetration due 

to their direct effect on skin hydration, causing increased water retention in the 

stratum corneum as a result of film formation from fatty esters that are bound only 

by van der Waals interactions to the skin surface. These fatty esters form lipid particles 

enable the drug to pass through the skin's deep layers (dermis and beyond). However, 

there is still ongoing discussion regarding the precise number representing the 

maximum diameter of nanoparticles that can be penetrated through the skin. Several 

studies have shown that the smaller the particle size indicates higher and faster skin 

penetration. Later, Lademann found out that 300–600 nm particles were still able to 

penetrate the follicle on massage as a consequence of the spacing between the scales 

on the hair, and suggested that the movement of the hair serves as a directed pump 

to push the particles into the follicles (Lademann et al., 2011). We have added this 

explanation in the revised manuscript. 



8. The study from the manuscript found that the drug-loaded solid lipid nanoparticle 

hydrogels showed advantages in many aspects, but achieved almost the same effect 

in the sunscreen test as the hydrogels directly loaded with drugs. Is it contradictory? 

What is the significance of this designed drug delivery gel formulation based on solid 

lipid nanoparticles? 

Response:  

In this study, we develop solid lipid nanoparticles (SLNs)-based hydrogel formulations 

to enhance the solubility and penetration of two bioactive compounds found in 

safflower petal extract (SPE) to act as skin protection agents from the UV lights. Based 

on statistical analysis, the formulations of SPE and SPE-loaded SLNs were not 

significantly different (p > 0.05). These results indicate that SPE incorporation into 

SLNs did not change SPE's ability to protect skin against UV lights. However, it makes 

the extract significantly increase its solubility, penetration and retention to the skin.  

9. Safety is a necessary issue to be considered for cosmetics. Whether the formulation 

designed by the author will cause allergies, and whether the product will interfere 

with hormones and reproductive system after penetrating into the skin and entering 

the human body are all questions to be considered. However, there is no description 

of these issues in the manuscript. 

Response: We thank the reviewer for pointing this out. Indeed, we agreed that it is 

necessary to evaluate the safety and risk assessment of SPE-loaded SLNs antioxidant 

products in order to prevent further allergic reactions or significant biological effects 

when applied topically. Thus, we mentioned this issue at the end of our discussion 

which suggested for future research. 

  



Response to Reviewers 

We thank the reviewer for reviewing the manuscript in detail and providing valuable 

suggestions for the improvement of our manuscript. We are pleased to submit the revision of 

the manuscript to Langmuir and addressed all comments, as follows: 

 

Reviewer(s)' Comments to Author: 

Reviewer: 2 

Recommendation: Other 

Comments: 

The manuscript describes the physicochemical characterization and biological activity studies 

on some solid lipid nanoparticles. The works are trustworthy and appears to be systematically 

carried out. However, the manuscript suffers from several lacunae. It needs thorough revision 

before a final decision be made. The major concerns are the length, number of figures/images 

and proper interpretation of the experimental results.  

Some specific comments: 

1. There are several wrongly constructed sentences. Sometimes the statements are self-

contradictory. 

Response:  

We thank the reviewer for the comment. Following the reviewer suggestion, we have 

checked the manuscript thoroughly and rearranged it carefully. 

2. Line 30: In the abstract what do the authors mean by the term “drug”? 

Response:  

We thank the reviewer for the comment. The term “drug” refers to the bioactive 

compounds found in safflower petal extract (SPE), namely quercetin (QU) and luteolin 

(LU). We have corrected this in the revised manuscript. 

3. Line 29-32: It is mentioned that the drug is trapped in the lipid matrix. If it is so, then 

how could the drug release be faster? And in any drug delivery system, the 

prerequisite is the process of sustained release. 

Response:  

We thank the reviewer for pointing this out.  Combining SLNs and hydrogels will 

display both component advantages such as the protection and the improvement of 



the solubility of the lipophilic active molecule, while improving the drug release. The 

faster release could be due to the immediate release of the compounds from the 

surface of lipid core (Permana et al., 2019). Even though the drug release from SPE-

loaded SLN-bearing hydrogel formulations was faster, the sustained drug release for 

24 hours was still be observed, suggesting their applicability as the carrier to protect 

the skin from the UV-rays all day. 

4. In the abstract the acronyms like “SPE” and “SPF” were used. It is preferred that their 

full forms would be used in their first appearances. In fact, throughout the entire 

manuscript, many acronyms were used without their introduction. 

Response:  

We thank the reviewer for the comment. We have re-read the manuscript thoroughly 

and completed word/abbreviation similar throughout the text.  

5. In the abstract section itself I would expect some comments on the biocompatibility 

of the formulations. Are they cytotoxic? In fact, authors have carried out the same, 

however, they remain silent about the biocompatibility, which is considered as one of 

the important markers of any drug delivery system. 

Response:  

We thank the reviewer for the suggestion. As a result of the reviewer comment, we 

have provided information about the biocompatibility results in the abstract which 

have been done through in vitro hemolytic assay. We believe that the revised abstract 

has reflected the content of the manuscript. 

6. The introduction section seems to be quite lengthy and unorganized. It should be 

more focused and specific. How the present set of works are going to shed new lights 

over the existing lacunae? What would be the new insights? Authors may mention 

them at the end of the introduction section. 

Response:  

We thank the reviewers for the suggestions. Following the reviewer's suggestion, we 

have rearranged the introduction section from 844 words to 760 words and we believe 

it has become more focused and specific. We have also added a sentence regarding 

the research gap to gain the new insight in the field. 

7. In the introduction section a brief description on “Geleol” would be more impressive 

for general readers. 



Response: We thank the reviewer for the suggestion. Following the reviewer 

suggestion, we have provided the required information, as follows: 

 

“Several types of solid lipids have been used to prepare SLNs (Abdel-Salam et al., 2016; 

Khalil et al., 2013, 2014) but Geleol® (glycerol monostearate) is a fascinating since 

even at low concentrations is enough to produce SLNs that, after cooling, have a 

semisolid appearance.(Abdel-Salam et al., 2016; Khalil et al., 2013) This occurred due 

to the lower melting point and composition of Geleol® which contains high amount of 

monoglycerides, that can form hydrogen bonds with water molecules to promote 

swelling and exhibit a semisolid appearance.(Abdel-Salam et al., 2016)” 

8. In the beginning of the experimental section, I would expect the details on the 

chemicals used, (purity, make and country of origin, etc.) and the instruments. 

Response:  

We thank the reviewer for the comment. Following the reviewer suggestion, we have 

included the information in the revised manuscript. 

9. What is the rationale behind preparing sixteen different formulations (Table 2)? 

Response: 

We thank the reviewer for the question. SLNs are composed of high melting point 

lipids as a solid core coated by surfactant. Surfactants reduce the interfacial tension 

between the hydrophobic surface of the lipid core and the aqueous environment and, 

therefore, stabilize the SLNs structure. The effects of various parameters were then 

studied on the physicochemical properties of obtained SPE-loaded SLNs, such as 

difference in Geleol® concentration, duration of homogenization, and type of 

surfactants (Tween 80 and PVA (Mw=9-10 kDa)). Therefore, following the reviewer 

comment, we have added the discussion in section 3.1 SLNs formulation about it. 

 

The effects of various parameters were studied in optimizing SPE-loaded SLNs 

formulation, such as difference in Geleol® concentration, duration of homogenization, 

and type of surfactants (Tween 80 and PVA) used. Based on previous research, Geleol® 

was selected because it has the lowest melting point of ~55 °C. This could lead to the 

lowest viscosity in the medium, resulting in increased homogenization and sonication 

efficiency to produce smaller particles.(Permana et al., 2019) Additionally, it showed 



a semisolid appearance after cooling, even in low concentrations.(Abdel-Salam et al., 

2016) In the screening of surfactants, Tween 80 and PVA were used because of their 

non-ionic nature.(Abdel-Salam et al., 2016; Rostamkalaei et al., 2019) 

 

10. Usually, active ingredients from plant products are extracted from the dried and 

pulverized plant components. What was the rationale behind extracting from the raw 

plants? Also, I would expect a line of statement as why different proportions of water-

alcohol mixtures were used in the extraction procedure. 

Response:  

We thank the reviewer for the comment. In this study, we use the dried and pulverized 

Safflower petals for the extraction. We have specifically mentioned it in the 

supplementary method section. 

Then, we use different proportions of water-alcohol mixtures based on literature 

studies. A mixture of ethanol and water was used because both solvents could extract 

different types of bioactive compounds.  Two bioactive compounds in Safflowers 

namely quercetin and luteolin are antioxidant compounds of the flavonoid class which 

are generally extracted using water-alcohol mixtures. So that the variation of solvent 

will affect the extraction yield as well as the antioxidant activity. In fact, our results 

show that the bioactive compounds in SPE are more soluble in 100% ethanol so that 

they show maximum DPPH radical scavenging activity. 

11. Equation 1: While calculating the yield of extraction, should one take into account the 

whole flower? In the denominator, should it be Wsafflower or Wsafflower petals? 

Response:  

We thank the reviewer for pointing this out. We have made it clear in the Equation 1 

that we used the Wsafflower petals for calculating the yield of extraction   

12. The experimental part is also quite lengthy. It needs to be substantially shortened. 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

shortened the experimental section. 

13. Table 2: Which Tween was used as stabilizer? What is the molecular weight of PVA? 

Response:  



Thank you for the comment. We have added the full name of Tween 80 and molecular 

weight of PVA in the revised manuscript 

14. 2.2.3.1. Particle Size, PDI, and Zeta Potential studies: What was the scattering angle? 

What is the model number of DLS? What type of laser was used? 

Response:  

We thank the reviewer for the question. The assessment of mean particle size, 

polydispersity index (PDI), and zeta potential of the SPE-loaded SLNs was conducted 

by dynamic light scattering at 90° scattering angel using using a Malvern Zeta Sizer® 

(Malvern Instruments Ltd, UK), at 25 °C. Specifically, Z-average (d.nm) with intensity 

(%) was used to represent the particle size. We have included the information in the 

revised manuscript. 

15. 2.2.3.4. DSC studies: The scan rate seems to be quite high. Please cite proper 

references where such high scan rates were used. 

Response: We thank the reviewer for the comment. Several studies regarding the 

thermal analysis of SLNs used variations of the scanning rate from 1-50 ml/min under 

nitrogen purge (Das et al., 2011; De Souza et al., 2012; Zhu et al., 2009). This scan rate 

level will give different transition temperatures and peak shapes on the DSC melting 

curve. At high scanning rates, there is no time for the heat to be transmitted from the 

heating elements of the DSC cell to the sample, resulting in a higher peak transition. 

Moreover, too high heating rates will give the smooth shape of the melting curve and, 

as a result, detailed information may get lost. Meanwhile, at a lower scanning rate it 

also causes a narrowing of the melting endotherms or crystallization exotherms. A low 

scan rate (1 °C/min) gives several peaks that are close together. Thus, in the current 

study we chose to use 10 °C/min to produce a distinguishable thermal transition (Üner 

et al., 2014). 

16. 2.2.3.6. Scanning Electron Microscope: Please provide some details on the sample 

preparation. What was the coating agent? What was the applied voltage for SEM 

analyses? 

Response:  

We thank the reviewer for the question. Morphological examination of SPE-loaded 

SLN was examined using a scanning electron microscope (SEM) (JEM-1400Plus, Tokyo, 



Japan). Initially, 100 μL of SLNs were air-dried and coated with gold under vacuum 

sputter. The analysis was carried out at 15 kV. 

17. 2.2.3.7. Solubility analysis. The saturated solubility analysis of QU and LU: What are 

AU and LU? 

Response:  

We thank the reviewer for pointing this out. QU and LU are referred to quercetin and 

luteolin, respectively. 

18. Authors should clearly mention the ethical guidelines regarding the biological studies 

involving animals. 

Response:  

We thank the reviewer for pointing this out. We have included this in the revised 

manuscript. 

19. Please mention the positive and negative controls while performing the biological 

activity tests (biocompatibility and skin permeation tests). 

Response:  

We thank the reviewer for pointing this out. We have added the positive and negative 

controls in the biological activity tests. 

20. Sections 3.1-3.4: These sections are not so relevant, and can be moved to the 

supplementary section. 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

moved the Sections 3.1-3.4 to the supplementary section. 

21. It is not unexpected that “The maximum DPPH radical scavenging activity was 

produced by the extract made with 100% ethanol (Figure 1E)”, and in fact this was 

also my concern regarding the extraction of SPE using different blends of ethanol 

+water. 

Response:   

We thank the reviewer for pointing this out. In this study we used different blends of 

ethanol + water as extraction media based on references from several journals which 

mostly used these media (Bacchetti et al., 2020; Karimkhani et al., 2016; Kilic 

Buyukkurt et al., 2021; Kurkin and Kharisova, 2014; Zhang et al., 2020). In fact, our 



results show that the bioactive compounds in SPE are more soluble in 100% ethanol 

so that they show maximum DPPH radical scavenging activity. 

22. Figure 3A: Authors should also mention that higher the amount of Tween, smaller 

were the sizes for the SLNs. Besides, presence of larger quantities of Tweens lead to 

lower values of PDI. 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

provided the required information, as follows: 

 

“The particle size of SPE-loaded SLNs prepared with higher concentrations of Tween 

80 were seemed beneficial to slightly reduce the particle size. Besides, it also led to 

lower the PDI values.” 

23. Authors should comment on the stability of the SLN formulations. Have they tried to 

monitor the size as function of time? Shelf-life is an important marker of drug delivery 

systems. 

Response:  

We thank the reviewer for the suggestion. We have added the additional data 

regarding the stability study in terms of particle size. 

 

In an attempt to assess the stability of the SLNs, the particle size was observed for 1 

month at 25°C. The result of this study is depicted in Figure 3, indicating that despite 

the increase in the particle size, there was no significant difference (p < 0.05) after 1 

month storage. Accordingly, it could be concluded that both formulations were 

physically stable. 

24. 3.6.2 FTIR Study and 3.6.4 PXRD Study: I would expect the description on the FTIR/XRD 

studies of the excipients (precursors) and physical mixtures and subsequent 

comparison with the different formulations. Location of the drugs in the SLN matrix 

could also be explained by suitably analyzing the FTIR data.  

Response:  

We thank the reviewer for the comment. We have performed the FTIR, XRD and DSC 

analyses of the excipient and the physical mixtures. We have also discussed the results 

accordingly in the revised manuscript. However, as explained in our manuscript, we 



selected F3 and F4 as the optimum formulation for the further studies. Accordingly, 

we only analyzed these two formulations. 

 

Later, we have mentioned about the location of the drugs in the SLN matrix according 

to the FTIR data.  

“This indicates an adequate entrapment of QU and LU in a lipid matrix and no chemical 

interaction between the drug and excipients used in the formulation.” 

25. 3.6.3 DSC analysis: interpretation of the DSC data are wrong. Authors should note that 

the SLNs show characteristic transition peaks in the range of 30-80 deg C. And in fact, 

it is clear from Figure 4B that there are some transitions taking place. Authors should 

narrow down their studies within this temperature range. 

Response:  

We thank the reviewer for pointing this out. Following the comment, we have added 

the explanation regarding the transition peaks in the range of 30-80 deg C in our 

revised manuscript: 

 

“The nanoparticles show glass transition characteristics that occurred between 30-80 

°C, as compared to the extract thermogram. The appearance of the glass transition 

and the decrease in melting temperature might be attributed to the reduced particle 

size and increased surface area (Gibbs–Thompson effect).” 

 

26. Scale bars/magnification in the SEM images are missing. Authors should also try to 

compare the DLS and SEM data. 

Response:  

We thank the reviewer for pointing this out. We have added the scale bars to the SEM 

images and also compared the result to the DLS data 

27. Line 489: Particles were not “spherical vesicles”. Vesicles can not be visualized by SEM. 

I understand that the authors are not dealing with the vesicles. 

Response:  

We thank the reviewer for pointing this out. We have deleted the word “vesicles” in 

our revised manuscript.  



28. Table 4: I would expect the presentation of regression coefficient values. This would 

eventually enable readers to understand the superiority of a particular model. 

Response:  

We thank the reviewer for pointing this out. The values shown in Table 4 are the values 

of the regression coefficient to determine the best-fit model for SPE-loaded SLNs 

release. 

29. Figure 6: In the Y axes of each graph, should it be “%Cumulative release”? 

Response:  

We thank the reviewer for pointing this out. Needful is done. 

  



Response to Reviewers 

We thank the reviewer for reviewing the manuscript in detail and providing valuable 

suggestions for the improvement of our manuscript. We are pleased to submit the revision of 

the manuscript to Langmuir and addressed all comments, as follows: 

 

Reviewer(s)' Comments to Author: 

Reviewer: 3 

Recommendation: Major revisions needed as noted 

Comments: 

Overall, the paper has merit. The work is detailed, thorough and sound research. As the article 

is written, it is unclear as to what the novelty of the work is. In addition, there are a number 

of items with the paper that should be addressed before publication: 

 

Thank you for your great comments. The novelty of the work is to determine which solvent 

produce maximum bioactive components of safflower while maintaining antioxidant activity. 

Then it is encapsulated in a hydrogel based on solid lipid nanoparticles to increase solubility 

and skin permeability so that it can be an alternative for skin protection against UV radiation. 

Following the comments, we have addressed all comments thus we believe that our revised 

manuscript has greatly improved.   

 

1. Line 51: shouldn't the word "cancer" come after the words "third most common" 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

modified the sentence in the revised manuscript. 

2. Line 80-82: the authors state that various approaches and carrier systems have been 

studied, but yet no references of the types of approaches or carrier systems are 

provided. In addition, the introduction in general does not provide an adequate 

overview of the different carrier systems developed to date and how their system is 

an innovation in the technology. 

Response:   



We thank the reviewer for pointing this out. We have added the appropriate 

references for these statements. The references use different carrier systems for 

quercetin and luteolin for application to the skin such as microemulsion, liposomes, 

nanostructured lipid carriers (NLCs), and solid lipid nanoparticles (SLNs). However, 

SLNs seem to be the main determinant of the extent of lipophilic compounds to 

penetrate into the epidermal layer of the skin after topical application, resulting in 

increased bioavailability and greater efficacy. 

3. Line 265: The 1 h incubation time seems short, why was this short exposure time 

chosen. 

Response:  

We thank the reviewer for the question. The established method for in vitro hemolytic 

assay is incubation for 1 h at 37 °C. We have cited the reference in our manuscript 

(Enggi et al., 2021; Mir et al., 2020). 

4. Line 336-338: Why was only 290-320 nm wavelengths selected as opposed to the full 

range of UVA&B wavelengths (280-400 nm)? 

Response:  

We thank the reviewer for the question. In this study, the scan was carried out 

between the wavelength of 290-320 nm to verify absorption in the UVB (290–320) 

regions. Since the UVB being responsible for immediate damage, causing burns, skin 

cancer. Meanwhile, UVA radiation penetrates deeper and can damage the DNA, 

oxidize the lipids, and produce dangerous free radicals, which can cause inflammation, 

break the cellular communication, modify the gene expression in response to stress, 

and weaken the skin's immune response. But both radiations are linked to skin cancer 

5. Line 364-365: The authors state that the data shows "significant increase in TPC and 

TFC compared to the TPC and TFC achieved with E100, E50, E25 and WE." However, it 

is unclear where the significance lies, i.e. is it between all ethanol solutions and water 

or between each ethanol solution and water, etc. Clarification should be provided. 

Response:  

We thank the reviewers for the comment. The significant increase in TPC and TFC was 

observed with E100 compared to the TPC and TFC achieved with E75, E50, E25 and 

WE. 



6. Line 368: Figure 1. Any significant differences between the bars should be labeled on 

the graphs, i.e. which data is considered to be significantly different from other data? 

Response:  

We thank the reviewer for the question. We have added the significance label on the 

figures. 

7. Line 405: Figure 2: Significance needs to be identified for the data in graph B. Labeling 

of some of the other key peaks in the chromatogram (Figure 2A) would be helpful. 

Response:  

We thank the reviewer for the question. We have added the significance label of the 

key peaks in the chromatogram. 

8. Line 433-434: The authors state that the higher concentration of Geleol in SLNs 

increased particle size and PDI of SLNs as evidenced by graphs 3A & B. In general, this 

does not appear to be true except for the PVA surfactant case. The Tween 80 

surfactant seemed to produce a more consistent particle size and PDI regardless of 

Geleol concentration. Also, no indication on any significant differences between the 

data presented in Graphs for Figure 3 A-D and graph D is not labeled. 

Response: 

We thank the reviewer for pointing this out. Indeed, we are agreed with the reviewer 

comment, thus we add those statement to the revised manuscript. Also, we have 

added the significance differences on the figures. 

9. Lines 439-443: What is the implication of the fact that their SLNs had zeta potentials 

in the narrow range of -29.33 and -33.91 mV? 

Response:  

We thank the reviewer for the comment. Zeta potential is one of the physical stability 

parameters of nanoparticle dispersion. The narrow range of zeta potentials due to the 

use of same lipid types with different concentrations. All formulations exhibited a 

negative charge attributed to the anionic nature of the lipids.  

10. Lines 444-447: This statement appears to be correct for the F1-F4 formulations, but 

not necessarily for the F9-F12 formulations. Please clarify. 

Response:  

We thank the reviewer for the comment. F1-F4 and F9-12 use Tween 80 with different 

concentrations. F1-F4 uses Tween 80 and F5-F8 uses PVA as a stabilizer, it shows a 



decrease in particle size and increased encapsulation efficiency (EE) of QU and LU for 

F1-F4. Likewise, with the F9-12 when compared to the F13-F16. 

11. Lines 504-507: Are the aqueous solubility values significantly different from one 

another. They appear to be when comparing QU & LU SPEs to SLNs F3 & F4 values, but 

was a test of significance performed? The n-octanol solubility does not appear to be 

significant different but a test would need to be performed to verify. 

Response:  

We thank the reviewer for the comment. The increase in aqueous solubility of the QU 

& LU SPEs to SLNs F3 & F4 values were significantly different (p < 0.05) but the increase 

in solubility in n-octanol was not significantly different due to the hydrophobic nature 

of the compound. 

12. Line 508: The authors state "This significant increase was due to..." What significant 

increase? The aqueous solubility or n-octanol? Since it is unclear whether a test of 

significance was performed, how can it be stated that it was a significant increase? 

Response:  

We thank the reviewer for the question. What we mean is a significant increase in 

aqueous solubility. The statistical significance is defined as a p-value is less than 0.05 

13. Lines 526-527: The word "respectively" needs to added immediately after "F3" and 

"F4". Also, for the in vitro drug release, were the release values significantly different 

between the SPE and respective SLNs? 

Response:  

We thank the reviewer for the comment. Needful is done. When SPE was incorporated 

into SLNs, the release of QU and LU became significantly faster (p < 0.05), reaching 

84.98 ± 7.43% and 76.81 ± 6.43% for F3, respectively, and 73.14 ± 6.05% and 66.34 ± 

5.38% for F4, respectively 

14. Figure 6: The y-axis scale are different for graphs A/B compared to C. It may be more 

helpful to use the same y-axis scale to better illustrate the difference of the drug 

release amount. It may be better to show 2 graphs - one for QU and one for LU for all 

3 carrier platforms, i.e F3, F4 and SPE, as opposed to showing 3 graphs for each carrier 

platform and QU and LU on the same plot. 

Response:  



We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

re-drawn the figure. 

15. Line 548: The word "respectively" should be added after LU. 

Response:  

We thank the reviewer for pointing this out. Needful is done. 

16. Line 554: The word "respectively" should be added after F4. 

Response:  

We thank the reviewer for pointing this out. Needful is done. 

17. Line 572: The word "respectively" should be added after 4.87%. 

Response:  

We thank the reviewer for pointing this out. Needful is done. 

18. Line 582: "(p<0.05)" should be added after the word "significantly". 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

added the word in the revised manuscript. 

19. Line 586: The word "respectively" should be added after 1.72%. 

Response:  

We thank the reviewer for pointing this out. Needful is done. 

20. Figure 8: again the data may be better presented using 2 graphs instead of 3 as 

mentioned in item 14 (Figure 6) above. 

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

re-drawn the figure. 

21. Figure 9: Using similar y-axis scale for graphs A-C would be helpful and more clearly 

illustrate the differences in the data.  

Response:  

We thank the reviewer for the suggestion. Following the reviewer suggestion, we have 

re-drawn the figure. 

22. Line 614: The authors refer to figure 7E for the bioadhesive strength of each hydrogel, 

yet graph 7E is SPE data. Please clarify. Also, from the SPF data, it looks like the team 

did not achieve their goal in the research of trying to demonstrate greater protection 

with the SLNs. This is not properly discussed in the discussion section. 



Response:  

We thank the reviewer for the comment. Figure 7E refers to the bioadhesive strength 

of each hydrogel formulation in comparison with blank hydrogel.  

In this study, it was found that the SPF value of the hydrogel formulation on SPE and 

SPE-loaded SLNs, F3 and F4 hydrogel were 16.54 ± 1.29; 15.69 ± 1.33; 16.03 ± 1.41, 

respectively. Based on statistical analysis, the formulations of SPE and SPE-loaded 

SLNs were not significantly different (p > 0.05). These results indicate that SPE 

incorporation into SLNs does not change SPE's ability to protect skin against UV lights. 
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