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Purpose: The study aimed to investigate in vitro anti-aging activities of 29 Dendrobium spp. and develop and characterize
microemulsions (MEs) for topical application.

Methods: Antioxidant activity was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH), H,O, scavenging, and ferric reducing
antioxidant power (FRAP) assays. The anti-collagenase (MMP-1 and MMP-2) and anti-elastase activities were also evaluated.
Cytotoxicity and human intracellular reactive oxygen species (ROS) levels were determined using resazurin reduction and 2',7'-
dichlorofluorescin diacetate (DCFDA) assays, respectively. D. kentrophyllum extract-loaded microemulsion (DKME) was then
prepared and optimized. The stability of DKME was studied using a heating-cooling cycle.

Results: D. kentrophyllum appeared to be the best candidate anti-aging agent because of its antioxidant, anti-collagenase, and anti-
elastase activities. The extract was safe for human skin cells at a concentration of 6.25-100 pg/mL. It also decreased the intracellular
ROS-induced ultraviolet B (UVB) irradiation compared to that in the control. DKME comprising Tween 80:ethanol (5:1), water, and
isononyl isononanoate showed a suitable appearance, droplet size, polydisperse index, zeta potential, pH, and viscosity. This
formulation demonstrated desirable physical and chemical stability, with non-cytotoxic effects.

Conclusion: DKME is considered a promising anti-aging product. However, an in vivo study of this optimized formulation might be
evaluated in further study for anti-aging purposes.
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Introduction

The skin is the main visible sign of aging. It is characterized by wrinkles, loss of elasticity, laxity, and rough-textured
appearance. The majority (80%) of facial aging is affected by extrinsic factors, particularly ultraviolet (UV) radiation
exposure, whereas only 3% is caused by intrinsic factors. UV radiation induces the production of reactive oxygen species
(ROS), which considerably accelerates the aging process. ROS are free radicals or oxidants, including superoxide anion
radical (O,7), hydroxyl radicals (OH), hydrogen peroxide (H,O,), singlet oxygen ('0,), nitric oxide (NO), and
peroxynitrite (ONOO")." In intracellular dermal cells, ROS induce matrix metalloproteinases (MMPs) expression in
dermal fibroblasts and epidermal keratinocytes. MMPs stimulate degradation of the components of the extracellular
matrix (ECM) and epidermal-dermal adhesion.”? ECM is mainly composed of fibrous proteins, such as collagen and
elastin. Collagen is stable and resistant to proteolytic cleavage. However, an increase in MMPs, particularly interstitial
collagenase (MMP-1), in the ECM promotes collagen type I and IIl fragmentation. MMP-2 or gelatinase can cleave
collagen type IV in the epidermal basement membrane and collagen type I. Moreover, elastin degradation by elastase
accelerates skin aging.’
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Antioxidants are effectively used in skincare products and supplements to reduce ROS production. Several studies
have reported that several plant families revealed the potential anti-aging properties through antioxidant, anti-
collagenase, and anti-elastase activities, ie, Annonaceae, Primulaceae, Fabaceae, Zingiberaceae, Phyllanthaceae,
Theaceae, and Orchidaceae.*®

Dendrobium, also called Shihu or Huangcao, is one of the largest genera in the Orchidaceae family. More than 1,500
species have been identified worldwide.® The stems of Dendrobium species have been used in traditional Chinese
medicine. Dendrobium species have demonstrated biological activities and efficacy in medicinal uses, such as hepatic
lipid and gluconeogenesis regulation, neuroprotection, anti-tumor, anti-inflammatory, anti-diabetes, anti-virus factors, and
dermatological disorders.®'*'" The chemical constituents of Dendrobiums are alkaloids, coumarins, bibenzyls, fluor-
enones, phenanthrenes, and sesquiterpenoids.'?

Polysaccharides from D. officinale, D. candidum, and D. cv. Khao Sanan displayed antioxidant capability, skin
moisturizing effects, and inhibition of the MMP-2 expression.'>™'> The fermented extract of D. officinale showed high
radical scavenging activities. Dendrobium Sonia Earsakul flowers inhibit collagenase and elastase activities and MMP-2
in fibroblast cells.'® (-)-Dendroparishiol, a bibenzyl compound in D. parishii, showed the highest antioxidant activities
(peroxyl radical; ROO-, DPPH radical, and hydroxyl radical; (OH))."” It significantly decreased ROS in H,O,-treated
RAW264.7 cells, decreased nitric oxide and TNF-a secretion, and enhanced antioxidant enzyme (superoxide dismutase;
SOD, catalase; CAT, glutathione peroxidase; GPx) activities in a dose-dependent manner. The antioxidant activity of
phenolic compounds in D. loddigesii such as crepidatin, moscatilin, 4,5,4'-trihydroxy-3,3'-dimethoxybibenzyl, 4',5-dihy-
droxy-3,3'-dimethoxybibenzyl, and p-dihydroconiferyl dihydro-p-coumarate showed a high percentage of DPPH radical
scavenging in the range of 89.411 to 93.391."® Although Dendrobium has been found in approximately 150 species in
Thailand, studies on their properties against the skin aging process are still limited.

It is challenging to utilize natural extracts in topical formulations, such as creams, lotions, and gels, because they have
low solubility and skin permeation. Microemulsions (MEs) are isotropic, thermodynamically stable mixtures with an
appropriate proportion of oil, water, and surfactants with droplet sizes in the range of 10-200 nm.'® MEs have been used
in dermal delivery systems owing to their ease of preparation and scale-up, increased solubilization of therapeutic agents,
enhanced skin permeability, increased thermodynamic stability, and reduced possibility of toxicity.”° It has been reported
that natural extracts are incorporated into microemulsion systems. For instance, the potential antioxidant and anti-
collagenase properties of citrus essential oils from Citrus aurantifolia and Citrus reticulata loaded in microemulsions
could reduce skin irritation in human volunteers and apply for anti-aging.?' Cordyceps militaris extract, which exhibited
MMP-1 and elastase activities, was incorporated into microemulsions. This formulation significantly improved skin
moisture and elasticity without side effects. As a result, it was recommended as an effective formulation for anti-
wrinkles.**

Therefore, this study aimed to investigate the biological anti-aging activities of 29 Dendrobium plant extracts using
antioxidant, anti-collagenase, and anti-elastase assays. The most effective Dendrobium was evaluated for its cytotoxicity
and prevention of intracellular ROS. Dendrobium extract-loaded MEs were developed for characterization, stability, and
cytotoxicity studies.

Materials and Methods

Chemicals and Reagents

Clostridium histolyticum collagenase (EC 3.4.24.3, CAS No. 9001-12-1), N-[3-(2-Furyl)acryloyl]-L-leucyl-glycyl
-L-prolyl-L-alanine (FALGPA) (CAS No. 78832—-65-2), 2',7"-Dichlorofluorescin diacetate (DCFDA), and resazurin was
purchased from Sigma-Aldrich (USA). Standard epigallocatechin gallate (EGCG; CAS No. 989-51-5), gallic acid (CAS
No. 149-91-7), quercetin (CAS No. 6151-25-3), and L-ascorbic acid (CAS No. 50-81-7) were purchased from Sigma-
Aldrich (USA). Ferrous sulfate heptahydrate (FeSO47H,0) (CAS No. 7782-63-0) and TPTZ were purchased from
LOBA CHEMIE, India. The EnzChek® Gelatinase/Collagenase Assay Kit (Lot No. 2281586, Invitrogen™™, Thermo
Fisher Scientific, Oregon, USA), EnzChek® Elastase Assay Kit (Lot No. 2397740, Invitrogen™, Thermo Fisher
Scientific, Oregon, USA), and 96-well microplates for fluorescence-based assays were purchased from Molecular
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Probes (Eugene, Oregon, USA). Analytical grade ethyl alcohol (CAS No. 64-17-5), hydrogen peroxide (CAS
No. 7722-84-1), and high-performance liquid chromatography (HPLC) were purchased from RCI Labscan, Thailand.
Sodium acetate was purchased from Fisher Scientific (UK). Ferric chloride hexahydrate (FeCl;-6H,O; CAS
No. 10025-77-1) was purchased from QReC™ (New Zealand). Dulbecco’s modified Eagle’s medium (DMEM), trypsin-
EDTA, fetal bovine serum (FBS), and penicillin were purchased from Gibco (Carlsbad, CA, USA). Tween 80 (CAS
No. 9005-65-6) and isononyl isononanoate (CAS No. 42131-25-9) were purchased from CHEME COSMETICS
(Thailand).

Plant Materials
The 29 Dendrobium methanolic extracts were obtained from Assoc. Prof. Dr. Boonchoo Sritularak, Department of
Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Science, Chulalongkorn University, Thailand.

Antioxidant Properties of Dendrobium Extracts

2,2-Diphenyl-I-Picrylhydrazyl (DPPH) Free Radical Scavenging Activity

Briefly, 20 pL of the extract at 100 pg/mL was mixed with 180 uL of 0.02 mm DPPH solution. After incubation for
30 minutes at room temperature in the dark, the absorbance of the mixture was measured at 517 nm against a blank
solution. L-ascorbic acid was used as a positive control.”> The concentration of the sample required to scavenge 50%
DPPH radicals (ICsy) was calculated.

Hydrogen Peroxide (H,O,) Scavenging Assay

Briefly, 80 pL of the extract (100 pg/mL) was added to 720 uL H,O, solution (40 mm) in phosphate buffer (pH 7.4).
After 10 minutes, the absorbance of the mixture was measured at 230 nm against a blank solution. L-ascorbic acid was
used as a positive control.”* The concentration of the sample required to scavenge H,0, by 50% (ICso) was calculated.

Ferric Reducing Antioxidant Power (FRAP)

The FRAP reagent was prepared by mixing 100 mL of 300 mm sodium acetate (adjusted to pH 3.6 by glacial acetic acid),
10 mL of 20 mm FeCl;-6H,0, and 10 mL of 10 mm TPTZ solution (dissolved in 40 mm HCI). The assay was performed by
mixing 20 uL of the extract (100 pg/mL) and 180 pL of FRAP reagent. The mixture was then incubated at 37°C for
30 minutes. Absorbance was measured at 593 nm. FeSO4-7H,0 and distilled water were used as the standard and blank,
respectively.”>*® The FRAP values were presented as mmol FE/g dry extract with the calibration curve of Fe*".

Enzyme Inhibition

MMP-1| Inhibitory Activity

MMP-1 inhibitory activity was determined based on a spectrophotometric method, with slight modifications.?’ Briefly,
Clostridium histolyticum collagenase was dissolved in ultrapure water at a concentration of 4 units/mL. The synthetic
substrate FALGPA was dissolved in 50 mm Tricine buffer (pH 7.5 with 400 mm NaCl and 10 mm CacCl,) to | mm. Four
microliters of extract (100 ug/mL) was mixed and equilibrated at 25°C with 145 pL substrate before adding 4 pL of
enzyme to start the reaction. The control sample was prepared in water. The absorbance at 335 nm was measured
immediately after addition of the enzyme and left for 20 minutes. EGCG was used as a positive control. The percentage
of MMP-1 inhibition was calculated.

MMP-2 Inhibitory Activity

The MMP-2 inhibitory activity was determined using the EnzChek® Gelatinase/Collagenase Assay Kit. This was
modified by Pientaweeratch et al.® Then, 80 pL extract (100 pg/mL), 20 pL of 2.5 pg/mL DQ gelatin, and 100 pL
0.0375 U/mL collagenase were mixed in a black 96-well plate. The mixture was then incubated for 10 minutes at room
temperature under light-protected conditions. The fluorescence intensity was measured at the excitation and emission
wavelengths of 480 and 530 nm, respectively. 1.10-phenanthroline and EGCG were used as the inhibitors and positive
controls, respectively. The percentage of MMP-2 inhibition was calculated.
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Elastase Inhibitory Activity

Elastase inhibitory activity was determined using the EnzChek® Elastase Assay Kit, with some modifications
(Pientaweeratch et al, 2016).° TM elastin was used as a substrate. In the test, 50 pL extracts (100 pg/mL), 50 pL of
25 pg/mL DQTM elastin, and 100 pL 0.2 U/mL elastase were mixed in a black 96-well plate. The mixture was then
incubated for 5 minutes at room temperature under light-protected conditions. The fluorescence intensity was measured
at the excitation and emission wavelengths of 480 and 530 nm, respectively. N-Methoxysuccinyl-Ala-Ala-Pro-Val-
chloromethyl ketone and EGCG were used as the inhibitor and positive control, respectively. The percentage of elastase
inhibition was calculated.

Isolation of Dendrobium kentrophyllum
D. kentrophyllum (Supplementary Figure S1) was dried and extracted using the maceration technique. Crude methanolic

extract of D. kentrophyllum was partitioned with ethyl acetate, butanol, and water to yield the ethyl acetate, butanol, and
aqueous extracts. The partition extracts were separated and fractionated by vacuum-liquid chromatography and column
chromatography (Supplementary Figure S2).

Cytotoxic Evaluation
The cytotoxicity of D. kentrophyllum extract was assessed using a resazurin reduction assay with some modifications by
Zhu et al.*® Human fibroblast (BJ) (Lot No. 70015964, ATCC®-CRL-2522, USA) and human keratinocytes (HaCaT) (Lot
No. 300493-524, Cell Lines Service, Eppelheim, Germany) were seeded in a 96-well plate at a concentration of 2 x 10°
cells/mL and incubated at 37°C in a humidified atmosphere of 5% CO, for 24 hours. The samples were diluted in a culture
medium to a final concentration of 100—6.25 ug/mL, and then BJ or HaCaT cells were treated with the samples for 24 hours.
The treated cells were incubated with 50 pg/mL resazurin at 37°C and 5% CO, for 4 hours. Absorbance was measured at
560 and 600 nm. Cell viability was determined by comparing the percentage of viable cells with that of the solvent control.
To evaluate the cytotoxicity of D. kentrophyllum extract-loaded microemulsions (DKME) and microemulsion base
(MEB), the samples were diluted in culture medium into the final concentration of 200—6.25 pg/mL using the above-
mentioned assay.

Inhibition of Intracellular ROS

Intracellular ROS levels were determined using the DCFDA assay with minor modifications (Xiao et al, 2020).° Non-
cytotoxic concentrations of D. kentrophyllum extract and its major compounds were added to BJ or HaCaT cells for
24 hours. Treated cells were washed twice with PBS (pH 7.4) and irradiated with UVB (40 mJ/cm?). DCFDA (50 uM)
was then added and incubated at 37°C and 5% CO, for 30 minutes. The treated cells were washed twice with PBS. ROS
quantity was determined by measuring the fluorescence intensity at 485 nm excitation and 535 nm emission using
a fluorescence microplate reader. The percentage of ROS generated was calculated and compared with that of the control.

Development of MEs

Construction of Phase Diagram

Pseudo-ternary phase diagrams were constructed by mixing different concentrations of oil, a mixture of surfactants and
cosurfactants (Smix), and DI water (w/w) to determine the optimal composition of the MEs region. Smix was prepared
by combining a surfactant (Tween 80) and cosurfactant (ethanol) at ratios of 1:1, 3:1, and 5:1. The oil phase, isononyl
isononanoate, was then mixed, and water was subsequently titrated. The ME formulations were examined using a cross-
polarizer and plotted as phase diagrams. The area of the MEs region was determined using CHEMIX school software.
The MEs in which the resulting mixtures formed transparently were subsequently selected from the phase diagram.

Preparation of D. Kentrophyllum Extract-Loaded ME Formulation

As stated in the result of ICsy by DPPH and H,O, assays, 0.4%w/w of D. kentrophyllum extract (more than 10 times of
ICsp) was used. The extract was completely dissolved in a mixture of Smix and oil using a magnetic stirrer at 400 rpm for
12 hours. DI water was then gradually added and continuously mixed for 15 minutes.
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Characterization of ME Formulations

The optical properties of DKME and MEB were characterized by small-angle X-ray scattering (SAXS) analysis, droplet
size, polydispersity index (PDI), zeta potential, pH, and viscosity. Optical properties were examined using cross-
polarized light microscopy (Olympus U-HSEXP, Tokyo, Japan). The structural evaluation of the formulations was
performed using SAXS (Anton Paar SAXSPoint 2.0, Austria). 2D data and scattered intensities were detected using
a linear position-sensitive detector. The average size, PDI, and zeta potential of the formulations were measured using
a Nanoparticle Analyzer (NanoParticle SZ-100V2 Series, HORIBA, Japan) at 25°°C with a scattering angle of 175°. The
pH was directly measured using a pH meter at 25°C. Viscosity was measured using an LVDV-II+ Brookfield viscometer
(Brookfield Engineering Laboratories, Inc., Middleborough, Massachusetts, US) with spindle number LV-3 and a speed
of 90 rpm. All data were reported in triplicate.

Stability Test of ME Formulations

The physical and chemical stabilities of DKME and MEB were investigated over eight heating—cooling cycles. In each
cycle, the samples were maintained at 45°C for 24 hours and 4°C for 24 hours. Physical stability was evaluated in terms
of appearance, droplet size, PDI, zeta potential, pH, optical properties, and viscosity, as described above. The degradation
of quercetin, an active compound in D. kentrophyllum extract, was determined using the validated high-performance
liquid chromatography (HPLC) method described by Thiangtham et al.*

Statistical Analysis

All experiments were performed in triplicate and are reported as mean + standard deviation. Statistical analysis was
carried out by one-way ANOVA followed by Tukey’s post-hoc test or paired #-test using SPSS 24.0. Statistical
significance was set at p<0.05.

Results

Antioxidant Activities

The antioxidant activities of Dendrobium extracts are presented in Table 1. For the DPPH assay, D. kentrophyllum
showed antioxidant capacity with ICsy of 26.58 + 6.87 pg/mL, which is significantly different from that of the other
Dendrobium, except for D. brymerianum (ICsq of 30.04 + 2.81 pg/mL). However, this activity was lower than L-ascorbic
acid, which had an ICsq of 7.43 + 0.31 pg/mL. D. brymerianum showed the highest H,O, scavenging capacity, with an
ICsy of 53.7 = 1.71 pg/mL. The ICsq of L-ascorbic acid was 156.33 £ 1.68 ng/mL, which was lower than that of the
extract. The ferric ion-reducing antioxidant power of the extracts was related to DPPH and H,O, scavenging activities.
The values ranged from 1.31 to 22.31 mmol FE/mg dry extract. D. kentrophyllum showed the strongest ferric ion
reducing power, being 22.31 + 0.34 mmol FE/mg dry extract.

Anti-Collagenase and Anti-Elastase Activities
All Dendrobium extracts inhibited MMP-1 and MMP-2 activities, whereas some extracts inhibited elastase activity
(Table 1). The MMP-1 inhibitory activity of the 29 Dendrobium extracts ranged from 34.13% to 49.87%.
D. brymerianum showed the highest MMP-1 inhibitory effect (49.87 + 1.80%). EGCG had a significantly higher
value than the other extracts (p<0.05).

The MMP-2 inhibitory activity of the extracts varied from 14.02% to 94.96%. D. kentrophyllum showed the highest
MMP-2 inhibitory effect, at 94.96 + 1.40%, which was not significantly different (p>0.05) from that of EGCG.

The elastase inhibitory activity ranges from 5.21% to 36.45%. D. venustum showed the highest activity (36.45 =
3.60%); however, these anti-elastase activities were lower than those of EGCG.

Phytochemical Investigation of D. Kentrophyllum
The methanol extract prepared from dried whole plants of D. kentrophyllum showed the highest total phenolic content
(TPC) and total flavonoid content (TFC) (Supplementary Table S1). It also exhibits antioxidant and anticollagenase
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Table | Antioxidant Activities (n=3), Anti-Collagenase (MMP-I and MMP-2), and Anti-Elastase Activities of 29 Dendrobium Extracts

(n=2)

No. | Scientific H,0, DPPH FRAP value, %MMP-1 %MMP-2 %Elastase

Name Scavenging Scavenging mmol FE/ mg Inhibition (at | Inhibition (at | Inhibition (at
Activity (ICs, Activity (ICs, Dry Extract 100 pg/mL) 100 pg/mL) 100 pg/mL)
ng/ml) ngim)

| D. signatum > 100 > 100 5.09 £ 0.35 44.73 £ 2.57 64.02 + 0.81 12.43 £ 3.44

2 D. tortile > 100 > 100 4.80 £ 0.42 41.02 £ 1.74 57.34 £ 594 12.92 + 0.87

3 D. brymerianum 53.7 £ 1.71 30.04 + 2.81 23.88 + 1.22 49.87 £+ 1.80 33.29 £ 1.80 ND

4 D. findlayanum > 100 > 100 297 £ 0.26 44.00 £ 1.60 46.09 £ 0.97 ND

5 D. delacourii > 100 66.14 + 3.40 9.23 £ 0.85 39.27 £ 3.12 55.59 + 1.6l 898 + 3.03

6 D. scabrilingue > 100 > 100 5.95 £ 0.56 43.62 £ 2.11 58.99 + 4.85 32.18 £ 0.52

7 D. albosanguineum > 100 > 100 6.42 + 041 44.54 + 4.87 86.71 £ 6.13 3225 +7.30

8 D. formosum 7333 £2.03 75.05 £ 11.56 10.21 £ 0.87 40.87 £ 1.15 87.94 £ 7.95 35.74 £ 2.71

9 D. virgineum > 100 > 100 450 £ 0.28 36.73 + 0.65 51.78 + 7.67 ND

10 D. moschatum > 100 > 100 3.53 + 048 38.36 + 3.90 46.52 + 9.63 10.27 + 0.68

I D. infundibulum 69.18 + 0.16 58.29 + 1.80 7.94 £ 0.63 35.07 +2.79 74.08 + 7.11 32.64 +2.21

12 D. venustum 69.47 £ 0.01 81.94 £ 7.95 10.33 £ 0.76 36.51 +2.98 63.51 +0.31 36.45 + 3.60

13 D. bellatulum > 100 > 100 9.66 + 0.40 39.04 + 3.65 84.00 + |.67 27.99 + 1.28

14 D. ochreatum > 100 > 100 1.89 £ 0.27 3834 + 244 4525 + 8.13 ND

15 D. parishii > 100 > 100 4.09 £ 0.24 44.43 £ 3.58 40.74 = 2.74 ND

16 D. ellipsophyllum 63.52 + 0.69 > 100 6.53 £ 0.75 40.27 £ 5.75 55.71 £ 7.66 24.34 2.95

17 D. palpebrae > 100 > 100 477 £ 0.37 39.12 + 3.04 41.92 £5.70 ND

18 D. christyanum > 100 > 100 5.37 £ 0.08 34.13 + 2.56 57.28 + 421 5.21 £233

19 D. cretaceum > 100 > 100 2.87 £ 0.24 39.71 + 3.08 26.98 + 3.34 ND

20 D. fridericksianum > 100 > 100 2.10 £ 0.17 40.71 £ 2.39 40.06 + 7.23 ND

21 D. aphyllum > 100 > 100 2.36 £ 0.15 3844 + 4.68 23.78 + 438 ND

22 D. crumenatum > 100 > 100 3.57 £ 025 41.82 £ 1.73 31.80 + 9.42 ND

23 D. densiflorum > 100 > 100 1.63 = 0.36 40.99 + 4.80 14.64 + 28I ND

24 D. heterocarpum > 100 > 100 5.14 £ 0.42 38.12 £ 0.59 3251 + 6.67 ND

25 D. kentrophyllum 62.96 + 0.46 26.58 + 6.87 2231 £ 0.34 37.10 = 3.44 94.96 + 1.40 24.67 £ 0.82

26 D. harveyanum 73.70% 0.18 85.74 + 5.44 9.01 £ 1.03 37.71 £ 257 25.11 £ 341 27.88 + 0.68

27 D. cariniferum > 100 > 100 1.31 £ 0.02 40.97 £ 2.93 22.39 £ 2.71 ND

28 D. gratiosissimum > 100 > 100 321 £ 048 41.91 £ 2.60 65.12 + 3.02 ND

29 D. fimbriatum > 100 > 100 2.00 £ 0.23 39.03 + 1.23 14.02 = 1.26 ND
L-ascorbic acid 156.33 £ 1.68 743+ 0.31%* 44.95 £ 2.30% - - -
EGCG - - - 59.71 £ 1.07* 91.98 + 7.36 4471 £ 7.17%

Notes: *p< 0.05 compared to test samples.
Abbreviation: ND, not detectable.
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effects. Therefore, this plant was selected for further investigation of its phytochemical constituents. Phytochemical
investigation of this plant resulted in the isolation of three flavonoids: kaempferol, quercetin, and rutin (Supplementary
Table S2). The structures of the isolated compounds were determined by comparing their 1D- and 2D-NMR data with

previously reported values.'

Cytotoxicity

The viability of BJ and HaCaT cells treated with various concentrations of D. kentrophyllum extract and its major
compounds, kaempferol, quercetin, and rutin, is shown in Figure 1. The results demonstrated that human fibroblast and
keratinocyte viability rates did not differ from those of the control for all concentrations of the tested samples (p>0.05).

Inhibition of Intracellular ROS
UVB irradiation significantly enhanced ROS generation compared to non-irradiated cells (Figure 2). In fibroblasts, the
concentration of D. kentrophyllum extract (6.25-100 pg/mL), kaempferol (12.5-100 uM), and quercetin (25-100 uM)
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Figure | Human fibroblast (A) and human keratinocyte (B) viability cells after 24-h incubation with D. kentrophyllum extract, kaempferol, quercetin, and rutin. Data show
the meantSD (n=3).
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Figure 2 Effect of D. kentrophyllum extract, kaempferol, quercetin, rutin, and positive control (L-ascorbic acid) on the generation of ROS in UVB-irradiated human dermal
fibroblasts (A) and keratinocytes (B). *p < 0.05 indicates a significant difference compared with UVB-irradiated cells.

significantly attenuated the ROS generation compared to UVB-irradiated cells (213.23 &+ 9.27%) (Figure 2A). In contrast,
L-ascorbic acid significantly suppressed ROS generation at 100 pg/mL. Pretreatment with D. kentrophyllum extract,
kaempferol, and quercetin at all concentrations significantly diminished ROS generation in keratinocytes compared to
UVB-irradiated cells (130.56 + 1.52%) (Figure 2B). Rutin and L-ascorbic acid significantly decreased at concentration of
50-100 pM or pg/mL.

Construction of Phase Diagram
The regions representing the MEs are highlighted in black in Figure 3. They are transparent and have a low viscosity. No
liquid crystalline structures were observed under cross-polarized light microscopy. In addition, a viscous gel-like
consistency of MEs was observed in the gray areas (Figure 3). The ME region expanded as the ratio of Tween 80 to
ethanol was increased from 1:1 to 5:1. The ratios 1:1, 3:1, and 5:1 were 11.11%, 18.13%, and 22.22%, respectively.
Based on these results, the Smix ratio was 5:1. The 0.4% of D. kentrophyllum extract was incorporated into
a microemulsion formulation (DKME) containing 59.76% Smix (49.80% Tween 80 and 9.96% ethanol), isononyl
isononanoate (9.96%), and water (29.88%) was prepared.
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Smix (1:1) Smix (3:1) Smix (5:1)

Isononyl isononanoate Water

Figure 3 Pseudo ternary phase diagram for the Smix (Tween 80: ethanol), water, and isononyl isononanoate. Black and grey represent microemulsion regions under
a polarized light microscope. The grey area indicates the high viscosity of MEs.

Characterization of ME Formulations

The DKME and MEB images are shown in Figure 4. DKME is yellow-green and transparent. Birefringence of the
formulations was not observed under a cross-polarized light microscope, indicating optical isotropy. In SAXS analysis,
the 2D scattering pattern by the amplitude of the intensity modulation, which is observed in a cycle around the primary beam,
represents the particle orientation. Figure 5 shows that the scattering patterns of DKME and MEB are not aligned as liquid
crystals, corresponding to the isotropic phase. The SAXS profile of the scattering intensity (I) and scattering vector (q)
displayed a broad peak characteristic of the microemulsion system. The structure of the formulations was confirmed as
microemulsions.’® The mean droplet size of both formulations was approximately 150 nm (Table 2). The PDI values of
DKME and MEB are lower than 0.5, indicating droplet homogeneity.>* From Table 2, the zeta potential values were neutral
due to the presence of non-ionic surfactant on the surface of microemulsion droplets, suggesting less stable and potential
aggregation. The pH values of DKME and MEB ranged from 5.39 to 5.41, which were close to those of the human skin. The
viscosity of DKME was 5,976 + 226.20 cP, which was not significantly different from that of MEB (p > 0.05).

Stability Test of DKME

After eight cycles of heating and cooling, the optimized formulation was stable, with no change in appearance or optical
properties, and no phase separation. The droplet size, PDI, zeta potential, pH, and viscosity were not significantly

Figure 4 Appearance of the DKME (A) and MEB (B).
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Figure 5 2D scattering patterns of the isotropic phase of DKME (A) and MEB (B) and their SAXS scattering pattern plotted by scattering intensity (l) vs scattering vector (q) (C).

different from the initial values (p > 0.05). Quercetin, an active compound in D. kentrophyllum extract, was not degraded

during the stability study.

Cytotoxicity of DKME
The results of DKME toxicity in human fibroblasts and keratinocytes showed that DKME at a concentration of
6.25-200 pg/mL was not significantly different from that of the untreated control (0.4% DMSO) in either cell line
(p > 0.05) (Figure 6).

Discussion

ROS are major determinants of skin aging through the synthesis and expression of MMPS.E Finally, ECM, particularly
collagen and elastin, is impaired, leading to wrinkle formation and elasticity loss. ROS are induced by UV radiation,

Table 2 Characteristics of the D. Kentrophyllum Extract-Loaded Microemulsion and Microemulsion Base (n=3)

Formulation | Droplet Size (nm) | Polydisperse index (PDI) | Zeta Potential (mV) pH Viscosity (mPa)
DKME 15291 + 5.35 0.45+ 0.07 0.00 % 0.07 5.39 £ 0.03 | 5976.00 + 159.27
MEB 154.57 + 2.82 0.44 £+ 0.0l 0.0l + 0.08 541 £0.02 | 6012.11 +243.76

Abbreviations: DKME, D. kentrophyllum extract-loaded microemulsion; MEB, microemulsion base.
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Figure 6 Human fibroblast (A) and human keratinocyte (B) viability cells after 24-h incubation with DKME and MEB. Data show the mean+SD (n=3).

including UVA and UVB. UVA damages epidermal keratinocytes and dermal fibroblasts in the long-term period, while
UVB mainly affects the epidermis and upper part of the dermis. To reduce the ROS, natural compounds are widely used
via antioxidant activities that can inhibit the formation of ROS or interrupt their propagation, causing regulated age-
related signaling pathways, and delaying skin aging. In this study, the antioxidant capacities of 29 Dendrobium extracts
were evaluated using three methods. They are based on electron transfer assays, namely, DPPH, H,O, free radical
scavenging, and FRAP assays. The DPPH assay is a simple and low-cost technique that is based on the electron donation
of antioxidants to neutralize DPPH free radicals.>* H,0, can generate ‘OH- and ROS, eventually causing skin aging.35
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Electron donation of antioxidants may accordingly scavenge H,O, into water and oxygen. The FRAP method measures
the reduction of a complex of ferric ion (Fe3+)—ligand to ferrous complex (Fe*") by antioxidants under acid conditions.*®
Based on our results, Dendrobium extracts, especially D. kentrophyllum, are considered good electron donors. This can
terminate the free radicals and delay the aging process. These capacities correlated with the TPC and TFC of the extracts
(Supplementary Figures S3 and S4, and Table S1), which is supported by previous studies.!”'®3* TPC and TFC are

important parameters for studying other extract properties. For example, in the study of Zulkifli et al (2020), the higher
flavonoid content in defatted Hylocereus polyrhizus seed extract, obtained from suitable extraction system, was measured
before isolating the major compounds.’” Phuyal et al (2022) studied the TPC and TFC in different parts of Zanthoxylum
armatum DC, followed by the study of antioxidant properties.*® Therefore, high TPC and TFC in D. kentrophyllum
extract are considered for further studies.

MMPs are zinc-containing endopeptidases that cleave collagen and other ECM proteins.®* These enzymes can be
stimulated by excessive intracellular ROS. MMP-1 and MMP-2 increase skin aging by activating fragmentation and
degradation of collagen types L, IL, III, and IV. Elastin interstitial fibers can be hydrolyzed by elastase, which further decreases
skin elasticity. Phenolic compounds can inhibit MMPs by the interaction between their chemical functional groups, causing
non-active enzymes.*’ D. kentrophyllum extract was expected to have good MMP-1, MMP-2, and elastase inhibition due to
the richness of phenolic compounds. Three major phenolic compounds, quercetin, kaempferol, and rutin, were found in
D. kentrophyllum extract, with 245 mg, 302 mg, and 84 mg, respectively (Supplementary Table S2). D. kentrophyllum extract

is considered a good electron donor, with desirable antioxidant, anti-collagenase, and anti-clastase activities.

Natural compounds, such as resveratrol-enriched rice, red raspberry extract, polyphenolic-rich Spatholobus suberectus
stem extract, citrus, and rosemary extracts have been studied for their anti-inflammatory and anti-enzymatic properties in the
prevention of damage by UVB-induced ROS.*'** To study the protective effect of D. kentrophyllum extract and its active
compounds on intracellular ROS generation induced by UVB, BJ and HaCaT cells were exposed to UVB. A decrease in UVB-
induced intracellular ROS might result in the presence of its active constituents in D. kentrophyllum extract. These results are
consistent with those of previous studies, demonstrating that quercetin and rutin can inhibit ROS in keratinocytes and
fibroblasts.*>**® A key safety profile of natural extracts and substances is biocompatibility testing involving cell viability
and cytotoxicity.*” Cell viability refers to the proportion of healthy, functioning cells in a sample, whereas cytotoxicity
assesses the ability of a substance to induce cell damage or death. According to our study, D. kentrophyllum extract and its
active compounds were non-toxic to human skin.*® Based on combined observations, D. kentrophyllum is a potential anti-
aging agent and can be reasonably used in product development.

Recently, MEs have been of interest in the pharmaceutical and cosmeceutical aspects owing to their features. MEs are
thermodynamically stable, solubilize both hydrophilic and hydrophobic substances, and improve skin permeation.**>' MEs
can be easily prepared by mixing a suitable ratio of surfactants, oil, and water phases. Major concerns in the development of
microemulsions are their acceptability and safety. Non-ionic surfactants that exhibit the lowest irritation are widely used to
reduce the surface area between the oil and water molecules.> Tween 80 is a well-known safe non-ionic surfactant. It is
frequently used in various pharmaceutical formulations since it improves drug solubility and enhances permeation and
bioavailability.”® Furthermore, short-chain alcohol such as ethanol is mostly used in microemulsions since it affects the
particle size and causes a reduction of the rigid structures.”® In this study, Tween 80 and ethanol were therefore used as
surfactant and cosurfactant, respectively. Isononyl isononanoate, non-greasy emollient, was used as oil.

As aresult of the MEs obtained in the pseudo-ternary phase diagram, ethanol considerably affected the ME formation. One
possible reason for this is that ethanol was incorporated into the interface, resulting in a reduction in the relative concentration
of Tween 80. The density of the surfactant at the oil-water interface subsequently decreases, causing insufficient capability to
maintain the interfacial tension between oil and water. This leads to a decrease in the microemulsion region.>

The suitable dose of the extract affects the effectiveness of the formulation. From Isnaini study, 5-10 times of ECs
according to DPPH free radical of the tamarind fruit pulp extract was used to determine the concentration in the lotion
formulation, which displayed the existence of antioxidant activity.’® Based on the result of the inhibition of intracellular
ROS, therefore, 0.4%D. kentrophyllum extract was incorporated.

Droplet size is a dominant parameter that influences the physical behavior and functionality of topical formulations,
that is stability and drug penetration. Hashem et al revealed that clotrimazole-loaded microemulsions with a size of 200
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nm significantly penetrated and remained within the skin compared to conventional creams.’’ Therefore, measurable
sizes could be facilitated in the skin. The skin permeation of DKME should be studied further to determine its
effectiveness. PDI represents the particle size distribution. In this study, the PDI values of MEB and DKME were
lower than 0.5, indicating particle homogeneity.*® Zeta potential generally indicates the surface charge of the particles,
and refers to the amount of repulsive force between the formed droplets, indicating the physical stability of the
preparations. The high zeta potential value of (+)30 mV is responsible for its good stability. Conversely, zeta potential
values between —10 and 10 mV represent a neutral surface.’®

To date, DKME has been stable in preliminary stability tests. However, long-term stability is required for further
studies.

To predict the negative result of in vivo effects, the in vitro cytotoxicity of the developed formulation is suggested.>’
In this study, the toxicity of DKME to human fibroblast and keratinocyte cells was studied, and no cytotoxicity was
observed. Therefore, DKME is a promising topical cosmeceutical for anti-aging applications.

Conclusion

Dendrobium extracts have the potential to be used as anti-aging bioactive ingredients because of their antioxidant, anti-
collagenase, and anti-elastase activities. Based on the most potent anti-aging activities, D. kentrophyllum extract was
further investigated. D. kentrophyllum extract is safe for human skin cells and can decrease the intracellular ROS levels
induced by UVB. The microemulsion formulation of D. kentrophyllum comprising 49.80% Tween 80, 9.96% ethanol,
9.96% isononyl isononanoate, 29.88% water, and 0.40% D. kentrophyllum extract exhibited desirable characteristics with
good physical and chemical stability. This formulation is non-toxic and, consequently, may be proposed as an anti-aging
topical product. The novelty of this work is the investigation of anti-aging effect of Dendrobium spp. as well as novel
microemulsions containing the potential usage of Dendrobium. The study on using Dendrobium spp. in cosmeceutical
products is still limited. This work is, therefore, considered the first investigation to increase the value of medicinal plants
in the cosmeceutical aspect. In summary, D. kentrophyllum can be considered as a promising natural compound for
producing anti-aging products using microemulsions and may be applied to other nanocarrier systems. However, in vivo
studies on skin irritation and efficacy of this product might be conducted in further study.
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