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Abstract

:

Scabiosa columbaria is a plant traditionally used to treat skin ailments, such as scabies, wound bruises, sores and hyperpigmentation. To find a novel skin depigmenting agent, the present study was investigated to determine the possible anti-melanogenesis, antioxidant and anti-tyrosinase effects of methanol extract of S. columbaria leaves. Cytotoxicity towards human dermal fibroblast (MRHF) cells was assessed using the live-cell fluorescence imaging microscopy. The inhibitory effects of the extract on tyrosinase, collagenase and melanin synthesis were also investigated using standard in vitro method, while ferric reducing power (FRAP) was used to determine the antioxidant potential of the plant extract. The effect of the extract on collagen content in MRHF cells was also investigated. The plant extract displayed no meaningful cytotoxicity towards MRHF cells and no significant cell death was recorded at all the tested concentrations. The extract (25–100 µg/mL) effectively decreased melanin content in B16F10 (mouse melanoma) cells with moderate inhibition of tyrosinase enzyme in a dose-dependent manner. However, the extract also demonstrated no significant effect on collagenase and collagen content in MRHF cells, but showed strong antioxidant activity at the concentrations tested. The results suggest that S. columbaria could be a promising candidate in the treatment of skin hyperpigmentation disorders
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1. Introduction


Skin hyperpigmentation is one of the common skin complaints that affect people of all skin types. It is described as increased production and dispersion of melanin, the pigment that gives human skin its color [1,2]. Some types of hyperpigmentation, including post-inflammatory hyperpigmentation, age spots, solar lentigo and melisma occur in many human populations and are considered to be skin diseases [3]. Many depigmenting agents, such as hydroquinone, arbutin, kojic acid and corticosteroids have been used to treat hyperpigmentation disorders [4]. In spite of their efficacy, many of these agents are frequently reported to have numerous side effects (for example, erythema, sensitization, contact dermatitis and mutagenic effect with prolonged exposures) [4,5]. In the pursuit for novel depigmenting agents with fewer side effects, the investigation of natural plant products has prompted the identification of many potentially active compounds, including flavonoids, polyphenols, licorice, hesperidin and yeast derivatives. Studies have also revealed that plants are more effective inhibitors of melanogenesis without melanocytoxicity than hydroquinone, kojic acid, linoleic acid and arbutin [6]. Hence, it is imperative to explore novel natural sources to combat the problem of skin hyperpigmentation.



Scabiosa columbaria (Caprifoliaceae family) is commonly called wild scabious (English); bitterwortel (Afrikaans); makgha (Xhosa); ibheka (Zulu). It is an evergreen perennial herb with branches developing from a woody rootstock [7]. S. columbaria is widely distributed throughout South Africa and particularly common in the Western Cape where it prefers growing in a sunny location, in a well-drained, sandy soil, with plenty of compost. Traditionally, the leaves and roots of the plant are used medicinally to treat various ailments, such as skin diseases, sterility and heartburn [8]. In addition, the powdered roots of the plant are also used to make baby powder [9]. Observed pharmacological activities of S. columbaria include antifungal, antibacterial and antiprotozoan [10,11]. Some of the compounds previously isolated from the root extract of S. columbaria include loganin and sweroside glycosides [12]. Vinnitska [13] also isolated palmitic acid, phthalic acid, diisooctyl phthalate, bis-(ethylhexyl) phthalate, and dibutyl phthalate from the aerial parts of S. columbaria. Previous study also showed that S. columbaria leaves contain polyphenols, flavonoids, terpenoids and coumarins (unpublished).



In this study, S. columbaria was selected based on its extensive traditional usage for the treatment of skin-related diseases and the presence of some chemical constituents associated with skin toning and depigmentation, such as polyphenols and flavonoids. For this reason, we investigated the possible anti-melanogenesis, antioxidant and anti-tyrosinase effects of methanol extract of S. columbaria leaves.




2. Results


2.1. Tyrosinase


As shown in Figure 1, the tyrosinase inhibitory activity of the plant extract (25–200 µg/mL) exhibited a dose-dependent manner. The inhibitory effect of the extract was higher than that of the control at all the tested concentrations, but lower than kojic acid (84.6%).




2.2. Collagenase


The inhibition of collagenase by the extract is presented in Figure 2. The extract exhibited no inhibition on collagenase at all the tested concentrations (25–200 µg/mL). The positive controls, Ethylenediaminetetraacetic acid (EDTA) and catechin demonstrated significant inhibition on collagenase by 50% and 46%, respectively. EDTA and catechin are well-known collagenase inhibitors.




2.3. Ferric Reducing Power (FRAP)


The result of the FRAP assay shows that the extract demonstrated significant FRAP values in a concentration-dependent relationship (Figure 3). At the highest concentration (200 μg/mL) tested, S. columbaria extract demonstrated a remarkable FRAP activity than the control. The positive control Trolox displayed strong ferric reducing potential than both the extract and control.




2.4. Cytotoxicity/Proliferation/Apoptosis Assay


The cytotoxic/proliferation/apoptosis effect of S. columbaria was determined by using the ImageXpress Micro XLS Widefield High-Content Analysis System. The result showed no significant cytotoxicity against the MRHF cells at the tested concentrations, as confirmed by the percentage of live cells. As indicated in Figure 4, there was also a slight increase (less than 7% cell death) in the percentage of apoptotic and necrotic cells at all the tested concentrations (25–200 µg/mL), but physiologically not relevant. This was supported by the trend seen in the percentage of relative cell count (%RCC). The positive control, Melphalan, a potent cytotoxicity drug, decreased MRHF cell viability to 75% as compared to both the extract and untreated control.




2.5. Collagen Production Assay


The extract was tested for its effects on collagen production in MRHF cells. The result recorded revealed a weak increase of collagen production in fibroblast cells when treated with different concentrations (25–100 μg/mL) of the plant extract (Figure 5). However, the positive control resveratrol, a well-known collagen booster significantly increased the collagen production in fibroblast cells by 180%.




2.6. Melanin Synthesis Inhibition


In this experiment, the increasing concentrations of the extract caused inhibition of melanogenesis induced by alpha-melanocyte-stimulating hormone (α-MSH) in B16F10 cells. In addition, at 100 µg/mL, as much as 60% of cellular melanin content was reduced compared to the trend seen in the untreated cells (100%). Kojic acid a well-known inhibitor of melanin exhibited a reduction of cellular melanin content at the tested concentration (Figure 6).





3. Discussion


Tyrosinase, a rate-limiting enzyme, plays a vital role in melanin synthesis within melanocytes. It catalyzes the conversion of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) followed by the conversion of DOPA to DOPA chrome, thereby polymerises to form melanin. Inhibition of tyrosinase represents an important strategy in preventing melanin accumulation in the skin. Thus, tyrosinase inhibitors are attractive targets in cosmetics and treatments for skin pigmentation disorders. In this study, the extract of S. columbaria leaves inhibited tyrosinase activity in a moderate dose-dependent manner with the greatest inhibition observed at the highest concentration tested (200 μg/mL). This inhibition of tyrosinase could be due to the extract competing against the melanin substrate, such as L-DOPA, for the same active site of the enzyme or affects the chelating activity of copper at the active site of the enzyme, which in turn preventing the binding of copper ions to oxygen, thereby leading to the irreversible deactivation of tyrosinase enzyme [14,15]. Therefore, the plant extract may be a copper chelator which functions as a competitive inhibitor. This is the first study of the effect of S. columbaria on tyrosinase enzyme, suggesting its possible use for the treatment of skin pigmentation.



Collagen functions to provide firmness to the skin and consequently damage and loss of skin collagen results in the appearance of thin and wrinkled skin. Collagenase, a key enzyme in collagen degradation is therefore a potential therapeutic target against collagen decline. As such, the activity of the enzyme has to be inhibited to prevent loss of skin collagen. Unfortunately, our result revealed no inhibition of the collagenase enzyme at all the tested concentrations. The extract also demonstrated a slight increase of collagen production in MRHF cells but physiologically not relevant. The findings suggest that S. columbaria extract may not be useful as a collagen booster, benefiting the skin via reduced collagen breakdown.



Skin hyperpigmentation has been linked to free radicals [16] and antioxidants or free radical scavengers have been reported to play a significant role in suppressing hyperpigmentation [16]. FRAP assay has been employed to measure the reducing potential of an antioxidant reacting with a Fe3+-tripyridyltriazine (colorless complex) and producing a Fe2+-tripyridyltriazine (blue-colored complex) [17]. In this study, the FRAP assay result revealed higher absorbance of the reaction mixture with increasing concentration of the extract indicating a remarkable reducing power. This reducing properties of the S. columbaria may be linked to the presence of polyphenols compounds in the extract, which exert their action by breaking the free radical chain thereby donating a hydrogen atom [18]. The results are in accordance with those reported by Zheng et al. [19], who found a strong correlation between polyphenols compounds and FRAP assay. It could be deduced from this study that the methanol extract of S. columbaria may be beneficial in eradicating oxidative damage caused by free radicals which plays a major contributory role in hyperpigmentation. It is imperative to note that the strong antioxidant activity as measured by FRAP assay may not be relevant in vivo, since it is purely chemical not biological. Therefore we recommend antioxidant in in vivo studies.



The result of the cytotoxic assay revealed that S. columbaria extract is not toxic to the MRHF cells. This absence of cytotoxicity supports the ethno-pharmacological usage of this plant. To the best of our knowledge, none of the previous studies had comprehensively analyzed the cytotoxicity of Scabiosa species. However, it is imperative to note that cytotoxicity in vitro does not always equate to in vivo. This is based on the fact that within a biological system, there are possible interactions in the gut and biotransformation issues [20,21].



Melanin is a key determinant of color and its accumulation plays a significant role in abnormal skin pigmentation disorders [22]. In this study, we evaluated whether the extract of S. columbaria leaves may suppress melanin production in B16F10 melanoma cells. The extract demonstrated a dose-dependent decrease of melanin synthesis in α-MSH-stimulated B16F10 melanoma cells without inducing cytotoxicity. Interestingly, this result corresponds with tyrosinase inhibition in the cell-free assay, suggesting that the inhibition may be due to a decreased tyrosinase activity. Tyrosinase and tyrosinase-related protein-1 (TRP-1) play a major role in melanogenesis pathways [23]. Activation of tyrosinase and TRP-1 enhances melanocyte inducing transcription factor (MITF) protein expression, which in turn causes the increase of melanin synthesis [24]. It could be deduced from this study that S. columbaria has the potential to attenuate overproduction of melanin and hyperpigmentation in skin cells.




4. Experimental Procedure


4.1. Reagents


Human foreskin fibroblast (MRHF) cells were obtained from Celonex, Johannesburg, South Africa. While mouse melanoma (B16F10) cells were obtained from Highveld Biologicals, (Johannesburg, South Africa). FBS (etal bovine serum) was purchased from Biowest, Logan, UT, USA. Trypsin-EDTA, RPMI I640 (Roswell Park Memorial Institute), DMEM (Dulbecco’s modified Eagle’s medium) and DPBS (Dulbecco’s phosphate buffered saline) with/without Ca2+ and Mg2+ were purchased from HyClone (Longa, UT, USA). The Annexin V-FITC/PI kit was obtained from MACS Miltenyi Biotec, (Cologne, Germany). CellRox® Orange reagent was obtained from Molecular Probes®-Life Technologies-Thermo Fisher Scientific, Logan, UT, USA. All other reagents used in this study were obtained from Sigma-Aldrich, St. Louis, MI, USA.




4.2. Plant Materials and Extraction Procedure


The leaves of S. columbaria were harvested from Alice, Eastern Cape province of South Africa and the identity was proven by comparing with the Giffen Herbarium specimen from the University of Fort Hare and voucher specimens were kept in the same institution (University of Fort Hare).



The methanol extract of S. columbaria was prepared by pulverizing about 60 g of leaves and then extracting the resulting powder with 1000 mL of methanol. After filtering through Whatman No. 1 filter paper, the resulting filtrate was then concentrated to dryness with rotary evaporator (Heidolph Laborata 4000, Heidolph Instruments, GmbH & Co, Schwabach, Germany). The final extract was weighed to determine the yield (4.54%).




4.3. Mushroom Tyrosinase Inhibition Assay


Briefly, 20 μL of test sample (diluted in assay buffer; phosphate buffered saline pH 6.8), blank (assay buffer) or positive control, Kojic acid (0.1 μg/mL) were pipetted into the wells of a 96-well plate. Then, 20 μL of enzyme solution and 10 μL of buffer was added, whereas for the control wells only 30 µL of buffer was added. Thereafter, 50 μL of L-DOPA (4 mM) solution was added to the resulting mixture to start the reaction and the absorbance was measured at 475 nm for 6 min at 1 min intervals.




4.4. Collagenase Inhibition Assay


The collagenase assay was performed as described previously [25]. Briefly, 10 µL of the test sample or positive controls, EDTA (0.1 μg/mL) or catechin (0.1 μg/mL) were pipetted into the 96-wells plate. Then, 10 µL of gelatin (2 mg/mL) and 10 µL of collagenase enzyme solution were then added to the respective wells. The resulting mixture was incubated for 1 h at 37 °C. After the incubation period, 20 µL of Coomassie Brilliant Blue (CBB) was added, then the plate was shaken for 5 min and then centrifuged for 5 min at 500 rcf. Thereafter, the supernatant was removed and 50 µL of washing solution (containing 40% methanol and 10% acetic acid) was added to wash the pellet. The remaining pellet was then dissolved by adding DMSO (50 µL) and the absorbance was read at 600 nm.




4.5. Ferric Reducing Antioxidant Power (FRAP) Assay


The FRAP assay was performed as described previously [26]. The working FRAP reagent containing 20 mL of sodium acetate buffer (30 mM; pH 3.6), 2 mL of ferric chloride solution (20 mM), 2.5 mL of TPTZ (tripyridyltriazine) solution (prepared at 10 mM TPTZ in 40 mM HCl) and distilled water (2 mL) was freshly prepared. The mixture was incubated at 37 °C for 15 min before use. Fifty microliters of the test sample or Trolox (13 μg/mL) and FRAP reagent (200 μL) were pipetted into the well of the 96-well plate. Then, the mixture was incubated for 30 min at 37 °C, and then the absorbance was read at 593 nm.




4.6. Cell Culture Conditions


B16F10 and MRHF cells were maintained separately in culture dishes (10 cm) in DMEN (low glucose) supplemented with 10% FBS and incubated in a humidified incubator with 5% CO2. The cell number and viability were performed using a LunaTM cell Counter (Logos Biosystems, Inc., Anyang, South Korea) after the staining of cells with trypan blue.




4.7. Imaging and Analysis for Cell-Based Assays


For the cell-based assays experiments, the ImageXpress Micro XLS Widefield High-Content Analysis System (Molecular Devices®, San Jose, CA, USA) was used and then analyzed using the MetaXpress® High-Content Image Acquisition & Analysis Software supplied by Molecular Devices®, San Jose, CA, USA.




4.8. Cytotoxicity/Proliferation/Apoptosis Assay


MRHF cells were seeded in 96-well plate at a density of 8000 cells/well, using 100 µL aliquots, and allowed to attach overnight. Cells were treated by adding 100 µL of the plant extract (prepared at varying concentrations of 25, 50 and 100 µg/mL). The treated cells were then incubated for 24 h at 37 °C in a humidified incubator with 5% CO2, then the treatment medium was removed. Thereafter, the treatment medium was replaced with 50 µL of staining solution containing 5 mL binding buffer (PBS with Ca2+ and Mg2+), 50 µL Annexin V-FITC reagent and 2 µL of Hoechst dye solution (10 mg/mL in DMSO). After 15 min of incubation at 37 °C, 50 µL of propidium iodide (PI) (prepared at 2 µg/mL in binding buffer) was added to the cells and further incubated for additional 5 min, then the images were acquired and analyzed.




4.9. Collagen Production Assay


MRHF cells were seeded into 96-well plates at a density of 8000 cells per well, maintained in DMEM (low glucose) supplemented with 10% FCS and then incubated at 37 °C in a humidified atmosphere with 5% CO2. The cells were then allowed to adhere and grow to confluence. Thereafter, the medium was removed by aspiration and then replaced with fresh DMEN containing ascorbic acid and plant extract (prepared at 25, 50, 100 µg/mL) or resveratrol (11 μg/mL). After 72 h of incubation, the spent medium was then removed by aspiration and fixed overnight with 4% formaldehyde in PBS. The fix solution was aspirated and replaced by adding 50 µL of Sirius Red solution to each well and further incubated at room temperature for 60 min. After the incubation period, the dye solution was aspirated and washed with 100 μL acidified water then the attached dye was eluted in 100 μL of 0.1 N sodium hydroxide (15 min at room temperature), and the absorbance was measured at 510 nm. Cell viability in the representative wells was measured after removing the solubilized dye and replacing it with 50 µL of crystal violet stain and then incubating at room temperature for 30 min. The dye was removed by washing the plates with tap water and allowed to dry in an oven at 37 °C. Thereafter, the dye taken up by the cells was extracted with 100 µL of 10% acetic acid. The absorbance was then read at 595 nm.




4.10. Melanin Synthesis Inhibition


B16F10 cells were seeded in 96-well plate at a density of 5000 cells per well and allowed to attain approximately 90% confluence. After the spent medium was removed, the cells were treated by adding 100 µL of the plant extract at varying concentrations (0–200 µg/mL), then 100 µL 2X melanogenesis medium (DMEM containing 1 mM Theophylline, 0.1 mM l-tyrosine and 100 nM α-MSH) was added and then cultured for a further 5 days. The medium was removed by aspiration and the cells were washed with PBS, then 100 µL 1 N NaOH containing 10% DMSO was added. The plate was then incubated at 60 °C for 1–2 h to solubilise melanin and the absorbance was read at 475 nm. Then, 20 µL aliquot was transferred to a new micro-plate and 200 µL of Bradford reagent was added. The plate was further incubated at room temperature for 20 min and the absorbance was read at 595 nm.




4.11. Statistical Analysis


Statistical analysis was performed using Student’s t-test (two-tailed). Triplicate values for each test sample were compared with triplicate values of the controls. Error bars represent the standard deviation (SD) of the mean.





5. Conclusions


In summary, the leaf extract of S. columbaria possessed strong antioxidant, tyrosinase and antimelanogenic effects, with no significant effect on collagenase and collagen production in MRHF cells. However, the extract also displayed no cytotoxic effect, which further supports the safe use of this plant, but should be confirmed by further in-depth investigations. The results of this present study have demonstrated that S. columbaria could be a useful therapeutic agent for the treatment of skin hyperpigmentation. Future studies will focus on the isolation and characterization of the active component(s) of the plant extract.
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Figure 1. Effect of methanol extract of S. columbaria on tyrosinase activity using L-DOPA as substrate. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. 
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Figure 2. Effect of methanol extract of S. columbaria on collagenase activity. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. 
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Figure 3. Antioxidant activity of leaf extract of S. columbaria using ferric reducing power (FRAP) Method. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. 
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Figure 4. Cytotoxic effect in human dermal fibroblast (MRHF) cells when treated with extract of S. columbaria using the staining method. % relative cell count (%RCC) represents the mean number of cells per site expressed as a percentage of the untreated control. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. 
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Figure 5. Collagen content of MRHF cells when treated with methanol extract of S. columbaria. Collagen content was measured using Sirius Red and normalised for cell density based on crystal violet staining after removal of the bound Sirius Red. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. 
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Figure 6. Effect of methanol extract of S. columbaria on melanin production in B6F10 cells. Melanin content, protein content and melanin normalised relative to the total cellular protein. Values represent the mean ± SD, n = 3. * p < 0.05 compared to untreated (UT) control. KA: Kojic acid. (a): Melanin content. (b): Protein content. (c): Melanin normalised relative to the total cellular protein 
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