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Abstract

:

Although many biological properties of Houttuynia cordata have been found, its anti-aging and anti-acne effects have not yet been investigated. This study was aimed to evaluate the in vitro anti-aging and anti-acne activities of H. cordata extracts and their cytotoxic activities and phytochemicals analyzed with liquid chromatography with tandem mass spectrometry (LC-MS/MS). Dried aerial parts of H. cordata were given different extractions. The aqueous and ethanolic extracts obtained were named HCA and HCE, respectively, and used to screen total phenolic and flavonoid contents. In vitro anti-aging, skin-related antimicrobial, scanning electron microscopy (SEM), in vitro cytotoxic, and LC-MS/MS analyses were performed. The total phenolic contents of the HCA and HCE were 5.11 ± 0.25 and 27.02 ± 1.07 mg gallic acid equivalent (GAE)/g dry extract while their total flavonoid contents were 104.94 ± 5.16 and 571.86 ± 2.86 mg quercetin equivalent (QE)/g dry extract, respectively. The HCA and HCE inhibited the activities of collagenase (28.33–46.00%), elastase (30.00–34.33%), and hyaluronidase (93.87–98.72%). The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the HCA against Cutibacterium acnes DMST14916 were 5.77 and 5.77 mg/mL while those of the HCE were 2.47 and 2.47 mg/mL, respectively. Cell collapses of C. acnes after treatment with the extracts were observed with SEM. The HCE was not toxic to macrophages, keratinocytes, and fibroblasts up to 400 mg/mL. The HCA showed toxicity against macrophages at 62.5 mg/mL and both skin cells at 250 mg/mL. The main phytochemicals in the extracts were identified with LC-MS/MS. Phenolic compounds, flavonoids, and flavonoid derivatives in H. cordata extracts could be major phytochemicals to possess a broad spectrum of biological activities including antioxidant, antimicrobial, and anti-aging activities. The findings from this study showed that the HCE has potential anti-aging and anti-acne properties while having non-cytotoxic activities on the immune and skin cells. These results indicate that the extract is probably advantageous in the development of skincare cosmeceutics and beauty treatments.
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1. Introduction


Skin health and beauty are important fundamental factors representing overall “well-being” as well as the perception of “health” in humans [1]. Skin aging is a part of the natural age progression for humans and is influenced by endogenous or intrinsic factors, including genetics, cellular metabolism, hormones, and metabolic processes. It is also promoted by exogenous or extrinsic factors, such as light exposure, pollution, ionizing radiation, chemicals, and toxins [2]. The endogenous and exogenous factors cause cumulative structural and physiological alterations as well as progressive changes in the skin layers and even the skin appearance, especially photoaging-damaged skin [3]. With normal body development, acne vulgaris is a common skin disorder that affects approximately 85% of adolescents and may continue to young adulthood [4]. Acne vulgaris can reduce skin appearance, such as permanent physical scarring, leading to lifelong problems regarding self-esteem, depression, and even unemployment [5]. Because of the negative effects of skin aging and acne vulgaris on skin health and beauty, naturally active agents with anti-aging and anti-acne have been discovered and developed during the past few years. Much scientific research has revealed that many plants have great potential to be anti-aging [6,7] and anti-acne [8,9] agents.



Houttuynia cordata Thunb. is a perennial plant spread widely across many countries in Asia. H. cordata has been used as medicine and also as food. The plant is grown and harvested for daily vegetable consumption, particularly in the North and Northeast of Thailand [10]. As a medicinal plant, it has also been studied for a long time. Scientific evidence has revealed the efficacy of H. cordata in traditional Asian medicines. It has long been used to treat many disorders including constipation, hypertension, pneumonia, and hyperglycemia via detoxification, the reduction of heat, and diuretic action [11]. Moreover, a large number of research results have shown that H. cordata extracts have the potential to exhibit a broad spectrum of biological activities. The ethanol extracts of H. cordata induced apoptotic programmed cell death in human primary colorectal cancer cells [12]. The methanolic extract of H. cordata could possess a free radical scavenging activity using 2, 2-diphenyl1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), and Trolox equivalent anti-oxidant capacity assays [13]. Water extracts of H. cordata have shown anti-inflammatory activity on lipoteichoic acid (LTA)-induced inflammation in dermal fibroblasts by suppressing the metabolic pathway of tumor necrosis factor-α (TNF-α) [14]. An aqueous extract of H. cordata exhibits immunomodulatory and anti-severe acute respiratory syndrome (SARS) activities [15]. An aqueous extract of H. cordata could inhibit Murine salmonellosis and Salmonella typhimurium that infected the RAW 264.7 macrophage [16]. The ethanolic extract of H. cordata poultice exhibited antibacterial and antibiofilm activities against methicillin-resistant Staphylococcus aureus (MRSA), suggesting that the extract is effective for skin abscesses [17]. Although many biological properties of H. cordata extracts have been found, their anti-aging and anti-acne effects have not yet been investigated. Therefore, the aim of this research was to evaluate the in vitro anti-aging and anti-acne activities of H. cordata extracts, and their cytotoxic activities and phytochemicals are analyzed with LC-MS/MS.




2. Materials and Methods


2.1. Preparation of Plant Extracts


The aerial part of H. cordata was obtained from a garden in Chiang Rai Province, Thailand, and air-dried. The dried part was ground into a powder with an electric blender (EM-11, Sharp, Bangkok, Thailand). The condition of plant extraction was modified slightly from the previous study [18]. H. cordata powder (10 g) was added to DI water or absolute ethanol (100 mL) and stirred continuously in an incubator shaker (Thermo Fisher Scientific, Waltham, MA, USA) 24 h at room temperature. Subsequently, the mixtures were centrifuged at 5000 rpm for 10 min and filtered through Whatman filter paper No.1. The extracts were subjected to evaporation with a rotary evaporator and dried further at 45 °C overnight. Finally, the aqueous H. cordata (HCA) and ethanolic H. cordata (HCE) extracts were weighed and stored at −20 °C until use.




2.2. Determination of Total Phenolic Content


The total phenolic content in H. cordata extracts was evaluated using the Folin-Ciocalteu method [19]. Gallic acid was used as a standard and prepared in distilled water with various concentrations from 0.01–0.12 mg/mL. H. cordata extracts were prepared in absolute ethanol. All standard and extract samples (0.5 mL) were added individually to 2 mL of diluted Folin-Ciocalteu reagent. Then, 7.5% sodium carbonate (4 mL) was mixed gently with all reactions and incubated for 30 min at room temperature. The absorbance of all reactions was measured with a UV-Vis spectrophotometer (UV-2600i, Shimadzu, Kyoto, Japan) at a wavelength of 765 nm. The total phenolic content of H. cordata extracts was compared with the standard equilibration curve of gallic acid and then expressed as mg GAE/g dry weight extract sample. All experiments were performed in triplicate.




2.3. Determination of Total Flavonoid Content


The total flavonoid contents in H. cordata extracts were assayed by the aluminum chloride colorimetric method [19]. Quercetin was used as a standard and prepared in absolute ethanol with various concentrations from 0.1–2.6 mg/mL. The H. cordata extracts were also prepared in absolute ethanol, and 1 mL of the extracts was added to distilled water and adjusted to a final volume of 5 mL. After that, 0.3 mL of 5% NaNO2 solution was added and incubated for 5 min. The mixture was mixed with 10% AlCl3 solution and incubated for 1 min, then added to 2 mL of 1 M NaOH and adjusted immediately with distilled water to a final volume of 10 mL. The absorbance of all reactions was measured with a UV-Vis spectrophotometer (UV-2600i, Shimadzu, Kyoto, Japan) at a wavelength of 510 nm. The total flavonoid content of H. cordata extracts was compared with the standard equilibration curve of quercetin and then expressed as mg QE/g dry weight extract sample. All experiments were performed in triplicate.




2.4. DPPH Radical Scavenging Assay


The antioxidant activity of H. cordata extracts (HCA and HCE) was measured by DPPH radical scavenging assay with slight modification from a previous study [20]. DPPH• solution (0.2 mM) was prepared in absolute ethanol. Various concentrations of Trolox standard were used at 6.25, 12.5, 50, and 100 µg/mL, and the concentration of the HCA and HCE was used at 2 mg/mL. A test solution of each Trolox standard or extracts (10 µL) was added to 100 µL of DPPH• solution. The mixture of each reaction was stirred gently and kept completely in the dark at room temperature for 30 min. The absorbance of the reactions was measured at 517 nm using a microplate reader (SpectraMax M3, Molecular Devices, San Jose, CA, USA). All reactions were performed in triplicate. The scavenging effect of the extracts on DPPH radicals was calculated using the following equation: % DPPH• scavenged = ((A − B)/A) × 100, where A is the absorbance of the DPPH solution and B is the absorbance of Trolox standard or extracts. A calibration curve was plotted with % DPPH• scavenged versus the various concentrations of the Trolox standard.




2.5. ABTS Radical Scavenging Assay


The ABTS radical scavenging assay for H. cordata extracts (HCA and HCE) was modified slightly from a previous study [21]. The ABTS cationic radical (ABTS•+) solution was produced by mixing 7 mM ABTS and 2.45 Potassium persulphate at a ratio 1:1 and then incubating at room temperature for 12–16 h. The ABTS+ solution was diluted with acetate buffer and reached 0.074 ± 0.02 at 734 nm. The various concentrations of Trolox standard used were 6.25, 12.5, 50, 100, and 200 µg/mL, and the concentration of the HCA and HCE used was 2 mg/mL. A test solution of each Trolox standard or extracts (10 µL) was added to 200 µL of the diluted ABTS•+ solution. The mixture for each reaction was stirred gently and incubated at room temperature for 7 min. The absorbance of the reactions was measured at 734 nm using a microplate reader (SpectraMax M3, Molecular Devices, San Jose, CA, USA). All reactions were performed in triplicate. The scavenging effect of the extracts on ABTS radicals was calculated using the following equation: % ABTS•+ scavenged = ((A − B)/A) × 100, where A is the absorbance of ABTS•+ solution and B is the absorbance of Trolox standard or extracts. A calibration curve was plotted with % ABTS•+ scavenged versus the various concentrations of Trolox standard.




2.6. Ferric Reducing Antioxidant Power Assay


The FRAP assay for H. cordata extracts (HCA and HCE) was modified slightly from a previous study [22]. The fresh working solution of the FRAP was prepared by mixing 20 mL of acetate buffer (300 mmol/L), 2 mL of TPTZ solution (10 mmol/L), and 2 mL of ferric chloride hexahydrate solution (20 mmol/L). The various concentrations of Trolox standard used were 6.25, 12.5, 50, 100, 200, and 400 µg/mL, and the concentration of the HCA and HCE used was 2 mg/mL. A test solution of each Trolox standard or extracts (10 µL) was added to 140 µL of the fresh FRAP solution. The mixture for each reaction was stirred gently and incubated in the dark at room temperature for 30 min. The absorbance of the reactions was measured at 593 nm using a microplate reader (Molecular Devices SpectraMax ABS). All reactions were performed in triplicate. The FRAP efficacy of reactions was calculated using the following equation: % FRAP = ((A − B)/A) × 100, where A is the absorbance of the FRAP solution and B is the absorbance of Trolox standard or extracts. A calibration curve was plotted with % FRAP versus the various concentrations of the Trolox standard.




2.7. Collagenase Inhibitory Activity


The collagenase inhibitory activity of H. cordata extracts was assayed according to the method with a slight modification [23]. The inhibition of collagenase activity was evaluated via the reduction of the FALGPA substrate, and Epigallocatechin gallate (EGCG) was used as a positive control. The enzymatic activity of collagenase was determined before testing each experiment, with only more than 90% of the activity taken for evaluation of the collagenase inhibitory activity. In the experiment, 10 µL of 1 mg/mL H. cordata extracts was added to 40 µL of 0.25 units/mL collagenase from Clostridium histolyticum (ChC—E.C. 3.3.23.3) in tricine buffer, pH 7.5 for 15 min at room temperature. The reaction was mixed with 50 µL of 2 mM FALGPA in tricine buffer, immediately measured at a wavelength of 335 nm, and continuously measured for 20 min with kinetic mode using a microplate reader (SPECTROstar Nano, BMG Labtech, Aylesbury, Buckinghamshire, UK). All experiments were performed in triplicate. The collagenase inhibition of H. cordata extracts was determined by the following equation: %Collagenase inhibition = ((A − B)/A) × 100, where A is the rate of the reaction containing collagenase and substrate and B is the rate of the reaction containing a sample, collagenase, and substrate.




2.8. Elastase Inhibitory Activity


The elastase inhibitory activity of H. cordata extracts was assayed according to the method with a slight modification [23]. The inhibition of elastase activity was evaluated via the increase of the product generated from the reaction of the enzyme and AAAVPN as a substrate. Epigallocatechin gallate (EGCG) was used as a positive control. The enzymatic activity of elastase was determined before testing each experiment, and only more than 90% enzyme activity were taken for the experiment. In the experiment, 50 µL of 1 mg/mL H. cordata extracts was added to 25 µL of 4.4 mM AAAVPN in Tris-HCl buffer, pH 8.0, and then incubated for 20 min at room temperature. After that, the reaction was mixed with 25 µL of 0.05 units/mL elastase from a porcine pancreas (E.C. 3.4.21.11) in Tris-HCl buffer, immediately measured at a wavelength of 410 nm, and continuously measured for 20 min with kinetic mode using a microplate reader (SPECTROstar Nano, BMG Labtech, Aylesbury, UK). All experiments were performed in triplicate. The elastase inhibition of H. cordata extracts was determined by the following equation: %Elastase inhibition = ((A − B)/A) × 100, where A is the rate of the reaction containing elastase and substrate and B is the rate of the reaction containing sample, elastase, and substrate.




2.9. Hyaluronidase Inhibitory Assay


The hyaluronidase inhibitory activity of H. cordata extracts was evaluated by the turbidimetric assay according to the sigma protocol with a slight modification [24]. Ascorbic acid was used as a positive control. The enzymatic activity of hyaluronidase was determined before testing each experiment, and only more than 90% enzyme activity was taken for the experiment. In the experiment, 50 µL of 1 mg/mL H. cordata extracts was added to 100 µL of 800 units/mL hyaluronidase from bovine testes (E.C. 3.2.1.3.5) in enzyme diluent. The mixture was incubated for 10 min at 37.5 °C in a water bath (Memmert GmbH, Büchenbach, Roth, Germany). After that, 100 µL of 0.03% (w/v) hyaluronic acid in phosphate buffer, pH 5.35 was added and then incubated for 45 min. After incubation, the mixture was mixed with 1 mL of bovine serum albumin acid solution containing 24 mM sodium acetate, 79 mM acetic acid and 0.1% (w/v) bovine serum albumin (pH 3.75). The reaction was incubated for 10 min at room temperature, and then measured with a microplate reader (SPECTROstar Nano, BMG Labtech, Aylesbury, UK). All experiments were performed in triplicate. The hyaluronidase inhibition of H. cordata extracts was determined by the following equation: %Hyaluronidase inhibition = ((−(B − C))/A) × 100, where A is the absorbance of the mixture containing hyaluronidase, hyaluronic acid, and bovine serum albumin acid solution; B is the absorbance of the mixture containing a sample, hyaluronidase, hyaluronic acid, and bovine serum albumin acid solution; and C is the absorbance of the mixture without hyaluronidase.




2.10. Antimicrobial Activity Assay


The minimal inhibitory concentrations (MICs) of H. cordata extracts were determined with a broth microdilution technique with modifications [25,26]. The HCA and HCE were diluted to 10% DMSO with two-fold dilution and used in the final concentrations between 0.33 and 11.54 mg/mL. C. acnes DMST 14916 was cultured in brain heart infusion broth as well as Staphylococcus aureus TISTR 746 and Staphyloccus epidermidis TISTR 2141 were cultured in nutrient broth to log phase (OD600 nm = 0.5–0.8). The bacterial culture was diluted to 0.001 of OD600 nm (approximate cell density of 106 CFU/mL). The diluted bacterial solution (100 µL) was mixed with 30 µL of the HCA or HCE samples in a 96-well plate. The sample tests were incubated under anaerobic conditions at 37 °C for 72 h (C. acnes) and under aerobic condition at 37 °C for 16–20 h (S. aureus and S. epidermidis). After that, 10 µL of 0.06% resazurin dye was added to each sample in a 96-well plate and incubated further for 4 h. The MICs were defined as the lowest concentration of the HCA or HCE at which C. acnes showed no color change after incubation. The MBCs were investigated by the colony-count technique [27]. The samples of at least the MICs in the 96-well plate were taken to streak on brain heart infusion agar and incubated at the same conditions for 72 h (C. acnes) and for 16–20 h (S. aureus and S. epidermidis). The MBCs were defined as the lowest concentration of the HCA or HCE at which any colony of C. acnes could not grow.




2.11. Scanning Electron Microscopy


The antimicrobial effects of the HCA and HCE on C. acnes were investigated by scanning electron microscopy (SEM) with a modified method of Lau et al., 2004 [28]. C. acnes were cultured in brain heart infusion broth under an anaerobic condition at 37 °C and reached the log phase. The cell culture was centrifuged at 8000 rpm for 3 min, washed twice with PBS (pH 7.4), and had its cells harvested. The bacterial cells were resuspended and diluted in new brain–heart infusion broth to a cell density of ~108 cells/mL (OD600 nm = 0.1). The C. acnes suspensions were incubated in the presence of the HCA or HCE at 10× MICs for 5 min and 60 min under the same conditions. Cells without any extract treatment were controls. Each bacterial solution (100 µL) was applied to a cellulose acetate membrane for 60 min and fixed on the membrane with 300 µL of 2.5% glutaraldehyde overnight. The bacterial cells on the membrane were dehydrated with a series of ethanol solutions starting at 30%, 50%, 70%, 90%, 90%, 100%, and 100%, respectively, for 30 min in each solution. The bacterial cells were further dried, coated with gold-palladium, and observed with a Field Emission Scanning Electron microscope (TESCAN MIRA4, Brno, Czech Republic).




2.12. Cytotoxic Assays on Mouse Immune and Human Skin Cells


The cytotoxic activities of the HCA and HEA were evaluated on human cell lines with an MTT assay with a slight modification of the previous study [29]. The sample concentrations of the HCA and HCE were prepared in the range of 62.5–1000 mg/mL and 25–400 mg/mL, respectively. Mouse macrophage (RAW 264.7 cell line) and human skin cells (HaCaT and NHDF cell lines) were seeded onto 96-well plates at 5 × 104 cells/well in new DMEM medium and 1 × 104 cells/well in new RPMI−1640 medium for 24-h incubation, respectively. Cells were treated with the HCA or HCE and incubated under a humidified atmosphere of 5% CO2 at 37 °C for 24 h. Then, a 150-µL MTT solution (0.5 mg/mL) was added to each sample well and incubated for 1 h. DMSO (100 µL) was added to each well to solubilize the formazan salt product. The solubilized solutions were measured at 550 nm, and the cell viability of each sample was evaluated by comparing the absorbance of extracts-treated and untreated cells.




2.13. LC-MS/MS


Phytochemical compounds in H. cordata extracts were determined with LC-MS/MS as well as performed by an expert of the Scientific and Technological Instruments Center, Mae Fah Luang University. For sample preparation, the HCA and HCE were diluted in absolute methanol and filtered through a WHATMAN 0.2 µm NYL filter. The final concentration of samples was 100 ppm. For LC acquisition, the LC system was operated using a combination of Agilent 1290 UHPLC (Agilent Technologies, Santa Clara, CA, USA) and Agilent Poroshell EC-C18 (2.1 mm × 150 mm, 2.7 µm) column with Agilent Poroshell EC-C18 (4.6 mm × 5 mm, 2.7 µm) guard column. The injection volume was 1 mL. The column and autosampler temperatures were set at 30 °C and 5 °C, respectively. The LC separation was achieved at a flow rate of 0.2 mL/min under a time and gradient program in which mobile phase A was composed of 0.1% (v/v) formic acid in water and mobile phase B was composed of 0.1% (v/v) formic acid in acetonitrile. The gradient program was applied as follows: t = 0 min, 5% B; t = 1 min, 5% B; t = 10 min, 17% B; t = 13 min, 17% B; t = 20 min, 100% B; t = 25 min, 100% B. The gradient was taken to re-equilibrium as follows: t = 27 min, 5% B, and hold 5% B for 6 min. The stop time was 33 min. For MS acquisition, the data was obtained with an Agilent G6454B Q-TOF Mass Spectrometry (Agilent Technologies, California, USA). The instrument parameters of the mass spectrometry were set initially by controlling the gas temperature at 300 °C, gas flow at the rate of 11 l/min, nebulizer pressure at 45 psig, sheath gas temperature at 300 °C, and sheath gas flow at 12 l/min. The operation system of the mass spectrometer used a Dual AJS ESI ion source. The capillary voltage (VCap) and nozzle voltage of both ion modes was set at 4000 V and 500 V, respectively. The voltages of the fragmentor, skimmer1, and OctopoleRFPeak were kept at 150 V, 65 V, and 750 V, respectively. The scan range was adjusted to 100–1100 m/z at the scan rate of 1.00 spectra/sec. Agilent reference mass solution containing internal reference compounds with m/z 112.98558700 and m/z 1033.98810900 for the negative mode, and m/z 121.05087300 and m/z 922.00979800 for the positive mode was infused into the MS by Agilent 1260 isocratic pump. For MS/MS acquisition, the data was achieved by setting at the same scan source parameters of the MS acquisition, as well as at 10, 20, or 40 eV of collision energy.





3. Results and Discussion


3.1. Yield Percentage, Total Phenolic Content, and Total Flavonoid Content of H. cordata Extracts


The aerial part of H. cordata was extracted with DI water and ethanol. After solvent removal and sample drying, the crude aqueous extract (HCA) and ethanolic extract (HCE) were obtained for the evaluation of yield, total phenolic content, and total flavonoid content. The yields of the HCA and HCE were 9.68 ± 3.10% and 3.42 ± 1.97%, respectively. The total phenolic contents in the HCA and HCE were 5.11 ± 0.25 and 27.02 ± 1.07 mg GAE/g dry extract while their total flavonoid contents were 104.94 ± 5.16 and 571.86 ± 2.86 mg QE/g dry extract, respectively (Table 1). The results indicate that the aqueous extraction obtained a higher yield from H. cordata than the ethanol extraction. The phenolic and flavonoid contents of the aqueous extract (HCA) were lower than those of the ethanol extract (HCE). These results are similar to a previous study. The extraction yield increased with increasing polarity of the solvents. The aqueous extraction was less effective to extract phenolic and flavonoid compounds than the ethanol extraction [30].




3.2. Antioxidant Activities of H. cordata Extracts


DPPH•, ABTS•+, and FRAP assays are members of the single electron transfer (SET) assays. They are simple, cost-effective, easily interpreted, and display either reduction capacity (FRAP) or direct free radical inhibition (DPPH• and ABTS•+) [31]. The methods were used to assay the antioxidant activities of H. cordata extracts (HCA and HCE). As shown in Table 1, the antioxidant efficacies of the HCA and HCE to scavenge DPPH radicals were 11.44 ± 0.13 and 13.55 ± 0.42 mg Trolox/g dry extract while their efficacies against ABTS radicals were 41.98 ± 3.90 and 103.46 ± 5.15 mg Trolox/g dry extract, respectively. The FRAP value of the HCE (136.88 ± 4.71 mg Trolox/g dry extract) was higher than that of the HCA (46.11 ± 1.20 mg Trolox/g dry extract). The results indicate that both the HCA and HCE possessed a broad spectrum of antioxidant abilities on DPPH, ABTS, and FRAP. The HCE had greater antioxidant activities than the HCA. It is believed that the phenolic and flavonoid compounds in the HCE are higher than in the HCA. As in previous studies, plants are a wonderful source of diverse bioactives and antioxidants. Much research has shown many antioxidants in plants including phenolics, flavonoids, tannins, vitamins, quinines, coumarins, lignans, and ligins [32,33]. Furthermore, to reveal a broad spectrum of antioxidant activities, H. cordata extracts could be taken for additional antioxidant assays, such as lipid peroxidation, superoxide radical scavenging activity, hydroxyl radical scavenging activity, and hydrogen peroxide scavenging activity assays [34].




3.3. Anti-Aging Activity of H. cordata Extracts


Aging of the skin is primarily related to the reduction in the levels of the extracellular matrix (ECM), in which the main structural components are collagen, elastin, and hyaluronic acid. The reductions in the structural components are caused by aging-related enzymes including collagenase, elastase, and hyaluronidase [23]. Collagenase is responsible for collagen degradation, which leads to reduced skin elasticity and tensile strength of the skin [35]. Elastase, a member of the chymotrypsin family of protease, is responsible primarily for the breakdown of elastin [23]. Hyaluronidase is the key enzyme that controls the turnover of hyaluronic acid in human skin as well as the retention of skin moisture [36].



To prevent the skin from aging, natural phytochemical sources are desirable. In this study, the anti-aging properties of H. cordata extracts were evaluated via the inhibition against collagenase, elastase, and hyaluronidase. The results of extracts against collagenase activity are shown in Table 2. At the 1 mg/mL of samples, the inhibitory activities of the HCA and HCE against collagenase were 46.00 ± 3.61% and 28.33 ± 5.13%, respectively, while the activity of EGCG was 23.67 ± 5.86%. The HCA and HCE showed an elastase inhibitory activity of 34.33 ± 1.49% and 30.00 ± 3.38%, respectively, compared to the activity of EGCG (33.02 ± 1.65%) at 1 mg/mL. The HCA and HCE exhibited strong hyaluronidase inhibitory activity of 98.72 ± 0.38% and 93.87 ± 1.85%, respectively, while ascorbic acid had an activity of 91.61 ± 0.35%. The findings show that the HCA and HCE have the potential to inhibit skin aging-related enzymes, collagenase, elastase, and hyaluronidase. The results presumably suggest that H. cordata extracts may contribute a good anti-wrinkle activity by preventing the degradation of collagen, elastin, and hyaluronic acid in the skin dermis [37,38].




3.4. Antimicrobial Activity of H. cordata Extracts


The antimicrobial activities of H. cordata extracts against acne-related pathogens including C. acnes DMST 14916, S. aureus TISTR 746, and S. epidermidis TISTR 2141 were determined using the broth-microdilution method. The MICs and MBCs of the extracts were evaluated for the determination of their antimicrobial efficacies (Table 3). The HCA and HCE did not inhibit S. aureus and S. epidermidis but could inhibit C. acnes. The MICs and MBCs of the HCA against C. acnes were found at the same concentration at 5.77 mg/mL while those of the HCE were both at 2.47 mg/mL. The results indicate that the HCE obtained from the ethanolic extraction revealed higher antimicrobial activity against C. acnes than the HCA. From a previous study, the flower of Mesua ferrea (M. ferrea) was extracted by ethanolic extraction. The M. ferrea flower extract showed bacteriostatic efficacy against C. acnes with MIC and MBC of 3.12 and 25.00 mg/mL, respectively [39]. The ethanolic extract of cinnamon bark was reported to inhibit C. acnes. The MIC of cinnamon bark extract was 256 µg/mL [40].



The effects of the HCA and HCE on cell surfaces of C. acnes were further investigated with scanning electron microscopy (SEM). The results are shown in Figure 1. Control cells were C. acnes treated without any extract and had smooth cell surfaces without any obvious damage for 5 min and 60 min incubation (Figure 1a,d). As shown in Figure 1b,c, the HCE and HCA could not cause bleb formation but induced slight cell shrinkages and collapses on bacterial cells for 5 min incubation. After 60 min incubation with the HCE and HCA, it was clear that the morphologies of C. acnes possessed visible, extreme damage with cell shrinkage and collapse (Figure 1e,f). These results indicate that the HCA and HCE can inhibit C. acnes by interrupting the cell surface of the bacteria. From a previous study, Surian (Toona sinensis) leaf extract and their fractions showed anti-acne activity. Among the fractions, fraction 3 could cause cellular destruction of C. acne observed with scanning electron microscopy [41].




3.5. Cytotoxic Activity of H. cordata Extracts


The cytotoxicity of H. cordata extracts was determined on RAW 264.7 macrophages, HaCaT keratinocytes, and NHDF fibroblasts. Cells treated without any extract were taken as 100% (Controls). The effects of H. cordata extracts on RAW 264.7 cells are shown in Figure 2a. The HCE could promote cell viability to be higher than the control, and the percentage of cell viability was significantly increased at 25 mg/mL (117.49 ± 5.84%). The HCA caused toxicity on RAW 264.7 cells and significantly decreased at 62.5 mg/mL (84.64 ± 1.03%). The results indicate that there was no cytotoxicity of the HCE on macrophages, while that of the HCA was only slight. In a previous study, Antirrhinum majus extraction was performed with ethanol. The cytotoxic effect of A. majus extract was tested on RAW 264.7 cells. The cell viability was not significantly altered by the extract at concentrations of 0–300 µg/mL [42]. Moreover, the aqueous, acetone, and methanol extracts of Celosia argentea flowering stage were used for cytotoxic evaluation on RAW 264.7 macrophages. The flowering stage extracts of C. argentea were not toxic to the cells [43].



The effects of H. cordata extracts on HaCaT cells are shown in Figure 2b. The HCE had the potential to promote the cell viability of HaCaT cells at the initial concentration of 25 mg/mL (103.82 ± 2.65%) and greatly increased at 100 mg/mL (111.60 ± 2.17%). The cell viability of the HaCaT cells treated with the HCA decreased slightly but significantly at 250 mg/mL (93.04 ± 2.29%). The effects of H. cordata extracts on NHDF cells are shown in Figure 2c. The HCE could increase the cell viability of NHDF cells at the initial concentration of 25 mg/mL (108.90 ± 0.60%) and increased constantly until 400 mg/mL (121.04 ± 0.13%), while the HCA could decrease the cell viability at the initial concentration of 500 mg/mLµ (88.55 ± 3.63%). The results indicate that the HCE obtained from ethanolic extraction showed no toxicity to keratinocytes and fibroblasts, but the HCA obtained from aqueous extraction caused slight toxicities. From previous studies, the vitro-cytotoxicity of tuber and leaf extracts from Helianthus tuberosus L. was evaluated on HaCaT and BJ fibroblast. The extracts were made with the ultrasound-assisted extraction method. The tuber extract at all tested concentrations did not show a toxic effect on HaCaT cells but exhibited a positive effect on fibroblast growth. The smallest concentration of the leaf extract exhibited proliferative properties on both HaCat and BJ cells, but when the dose increased, the cell viabilities decreased [44].




3.6. Phytochemical Analysis of H. cordata Extracts


The HCE was taken for phytochemical analysis with LC-QTOF-MS/MS. Twenty compounds were found in the HCE and are shown in Table 4. These compounds included sugars (sucrose and mannobiose), amino acid derivatives (N-octanoyl-L-valine), benzenesulfonic acid (N-undecylbenzenesulfonic acid and 4-dodecylbenzenesulfonic acid), alkyl-phenylketones (fluanisone), sodium tetradecyl sulfate, fatty acids and fatty acid derivatives (floionolic acid and lauroyl diethanolamide), ubiquinones (myrsinone), phenolic compounds (quinic acid, chlorogenic acid, and 4-O-caffeoylquinic acid), flavonoids and flavonoid derivatives (rutin, kaempferol 7-rhamnoside, quercetin 3-O-glucoside and quercitrin), uvaribonone, safghanoside D, and acetic acid—5-(2-methoxypropan-2-yl)-2-methylphenol (1/1). From a literature review, among these compounds, quinic acid [45,46], chlorogenic acid [47,48], 4-O-caffeoylquinic acid [49,50], and rutin [49,51] exhibited both antioxidant and antimicrobial activities, while quercetin 3-O-glucoside [52], quercitrin [52], and safghanoside D [53] possessed only antioxidant activity. Chlorogenic acid showed the potential to reduce ear swelling, redness, and erythema skin in the ears of ICR mice induced by C. acnes [54]. Chlorogenic acid was reported to be a strong matrix metalloproteinase-9 inhibitor [55]. Rutin could reduce the elevated matrix metalloproteinase-9 level in rat models [56]. Rutin also inhibited the hyaluronidase reaction [57]. A molecular docking study was made of flavonoid compounds for possible matrix metalloproteinase-13 inhibition. Nine flavonoids including rutin, nicotiflorin, orientin, vitexin, apigenin-7-glucoside, quercitrin, isoquercitrin, quercitrin-3-rhamnoside, and vicenin-2 had considerable estimated free energy of a binding and inhibition constant [58].





4. Conclusions


In conclusion, this study revealed that H. cordata extracts (HCA and HCE) obtained from aqueous and ethanol extraction, respectively, provide anti-C. acnes, antioxidant, and anti-aging activity against collagenase, elastase, and hyaluronidase. The in vitro cytotoxicity of the HCE against human skin cells and macrophages was not found while the HCA showed the cytotoxicity in a dose-dependent manner. In LC-MS/MS analysis, the phenolic compounds, flavonoids, and flavonoid derivatives in the HCE could be major phytochemicals to possess a broad spectrum of biological activities including antioxidant, antimicrobial, and anti-aging activities. Chlorogenic acid was expected to show the antimicrobial activity against C. acnes. Rutin, chlorogenic acid, and quercetin derivatives contributed to exhibit the anti-aging activity against collagenase, elastase, and hyaluronidase. In conclusion, the ethanolic extract of H. cordata is a promising plant-based ingredient that could be used to further develop skin care, beauty, and cosmeceutic products, especially topical anti-acne and antiaging products. For further studies, the project may perform other antioxidant assays based on different types of free radicals, such as lipid peroxidation, superoxide radical scavenging activity, hydroxyl radical scavenging activity, and hydrogen peroxide scavenging activity assays, for showing a broad spectrum of antioxidant efficacy of H. cordata extracts. Moreover, we attempt to develop topical formulations containing H. cordata extracts, evaluate the efficacy and stability of the formulations, determine the skin irritation, and measure the satisfaction with human subjects in clinical trials.
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Figure 1. SEM images of C. acnes after incubation with H. cordata extracts at 10× MICs for 5 min and 60 min. Control cells were treated without any sample for 5 min (a) and 60 min (d). Bacterial cells were treated with HCE or HCA for 5 min ((b) or (c)) and 60 min ((e) or (f)), respectively. 
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Figure 2. Cytotoxicity activities of H. cordata extracts with different concentrations determined by MTT assay. Mouse macrophages (RAW 264.7) (a), human keratinocytes (HaCat) (b), human fibroblasts (NHDF) (c) were used for the assay. The different letters among the bars indicate that the values of the bars are significantly different (p <0.05). On the other hand, if some bars have same letters, it indicates that the values of the bars are not different (p > 0.05). 
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Table 1. Total phenolic content, total flavonoid content, and antioxidant activities of H. cordata extracts.
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	Extract
	Total Phenolic Content

(mg GAE/g Dry Extract wt)
	Total Flavonoid Content

(mg QE/g Dry Extract wt)
	DPPH

(mg Trolox/g Dry Extract wt)
	ABTS

(mg Trolox/g Dry Extract wt)
	FRAP

(mg Trolox/g Dry Extract wt)





	HCA
	5.11 ± 0.25
	104.94 ± 5.16
	11.44 ± 0.13
	41.98 ± 3.90
	46.11 ± 1.20



	HCE
	27.02 ± 1.07
	571.86 ± 2.86
	13.55 ± 0.42
	103.46 ± 5.15
	136.88 ± 4.71







HCA: aqueous extract of H. cordata; HCE: ethanolic extract of H. cordata; GAE: gallic acid equivalents; QE: quercetin equivalents; wt: weight; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid); FRAP: ferric reducing antioxidant power. The values are from triplicate experiments.
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Table 2. Skin aging-related enzyme inhibitory effects of H. cordata extracts at 1 mg/mL.
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	Sample
	Collagenase Inhibition (%)
	Elastase Inhibition (%)
	Hyaluronidase Inhibition (%)





	HCA
	46.00 ± 3.61
	34.33 ± 1.49
	98.72 ± 0.38



	HCE
	28.33 ± 5.13
	30.00 ± 3.38
	93.87 ± 1.85



	EGCG
	23.67 ± 5.86
	33.02 ± 1.65
	NA



	Ascorbic acid
	NA
	NA
	91.61 ± 0.35







HCA: aqueous extract of H. cordata; HCE: ethanolic extract of H. cordata; EGCG: epigallocatechin gallate; NA: Not assayed. The values are from triplicate experiments.
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Table 3. Antimicrobial activities of H. cordata extracts against acne-related bacteria.
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Extract

	
C. acnes

DMST 14916

	
S. aureus

TISTR 746

	
S. epidermidis

TISTR 2141




	
MIC (mg/mL)

	
MBC (mg/mL)

	
MIC (mg/mL)

	
MBC (mg/mL)

	
MIC (mg/mL)

	
MBC (mg/mL)






	
HCA

	
5.77

	
5.77

	
ND

	
ND

	
ND

	
ND




	
HCE

	
2.47

	
2.47

	
ND

	
ND

	
ND

	
ND








HCA: aqueous extract of H. cordata; HCE: ethanolic extract of H. cordata; C. acnes: Cutibacterium acnes; S. aureus: Staphylococcus aureus; S. epidermidis: Staphylococcus epidermidis; MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration; ND: Not detected. The values are from triplicate experiments.
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Table 4. Phytochemicals identified in HCE by LC-QTOF-MS-MS data in the negative ion mode.






Table 4. Phytochemicals identified in HCE by LC-QTOF-MS-MS data in the negative ion mode.





	No.
	RT

(Min)
	m/z
	Tentative Identification
	Formula
	Mass
	Ion Species
	MS/MS Fragments
	Match Score





	1
	2.009
	341.1094
	Sucrose
	C12 H22 O11
	342.1166
	[M-H]−
	119.0344, 179.0561, 341.1091
	98.34



	2
	2.017
	387.1147
	Mannobiose
	C12 H22 O11
	342.1164
	[M+HCOO]−
	179.0563, 321.0142, 341.1088, 387.1084
	99.21



	3
	2.039
	191.0571
	Quinic acid
	C7 H12 O6
	192.0643
	[M-H]−
	127.0410, 191.0568
	95.55



	4
	8.064
	353.0882
	Chlorogenic acid
	C16 H18 O9
	354.0954
	[M-H]−
	135.0468, 191.0561, 353.0897
	93.31



	5
	11.000
	353.0874
	4-O-Caffeoylquinic acid
	C16 H18 O9
	354.0948
	[M-H]−
	173.0455, 353.0890
	97.36



	6
	16.571
	609.146
	Rutin
	C27 H30 O16
	610.1536
	[M-H]−
	151.0044, 301.0357, 609.1460
	98.68



	7
	16.643
	431.0988
	Kaempferol 7-rhamnoside
	C21 H20 O10
	432.1059
	[M-H]−
	311.0567, 431.0987
	98.63



	8
	16.826
	463.0891
	Quercetin 3-O-glucoside
	C21 H20 O12
	464.0961
	[M-H]−
	151.0042, 300.0278, 463.0877
	97.74



	9
	17.076
	723.5029
	Uvaribonone
	C39 H68 O8
	664.489
	[M+CH3COO]−
	677.4972, 723.5028
	90.52



	10
	17.178
	447.0943
	Quercitrin
	C21 H20 O11
	448.1013
	[M-H]−
	178.9991, 301.0355, 447.0939
	96.76



	11
	18.718
	242.1767
	N-Octanoyl-L-valine
	C13 H25 N O3
	243.1839
	[M-H]−
	181.1602, 242.1771
	98.82



	12
	19.554
	311.1696
	N-Undecylbenzenesulfonic acid
	C17 H28 O3 S
	312.1768
	[M-H]−
	183.0130, 311.1694
	95.66



	13
	19.592
	401.1871
	Fluanisone
	C21 H25 F N2 O2
	356.189
	[M+HCOO]−
	146.0612, 280.1339, 401.1864
	92.89



	14
	19.633
	293.1797
	Sodium tetradecyl sulfate
	C14 H30 O4 S
	294.1869
	[M-H]−
	114.9871, 293.1794
	98.39



	15
	19.724
	645.2179
	Safghanoside D
	C32 H38 O14
	646.2249
	[M-H]−
	397.1642, 465.1552, 645.2173
	96.31



	16
	19.789
	325.1847
	4-Dodecylbenzenesulfonic acid
	C18 H30 O3 S
	326.1921
	[M-H]−
	183.0122, 325.1845
	96.54



	17
	19.796
	331.2496
	Floionolic acid
	C18 H36 O5
	332.2568
	[M-H]−
	185.1199, 265.1410, 331.2491
	97.07



	18
	19.996
	332.2446
	Lauroyl diethanolamide
	C16 H33 N O3
	287.2465
	[M+HCOO]−
	158.1190, 286.2398
	96.68



	19
	20.165
	293.1769
	Myrsinone
	C17 H26 O4
	294.1841
	[M-H]−
	236.1065, 293.1774
	94.58



	20
	20.624
	239.1288
	Acetic acid—5-(2-methoxypropan-2-yl)-2-methylphenol (1/1)
	C13 H20 O4
	240.136
	[M-H]−
	195.1395, 239.1266
	98.42
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