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Abstract

:

Witch hazel extracts have been used for decades as cosmetic ingredients in skin care products. Our present study aims to evaluate its potential in anti-pollution products using a previously reported in vitro model. Calcium is a universal second messenger, and we used human respiratory and skin cells to detect changes in intracellular Ca2+ concentrations upon particulate matter contact. Both an increase in pro-inflammatory markers and a decrease in tight junction proteins were confirmed, as previously reported. Witch hazel stem and leaf extract showed significant attenuation of Ca2+ response upon the challenge; it displayed systematic regulations of the signal generator, PAR-2; a pro-inflammatory marker, NF-κB; and a tight junction protein, Occludin. We identified hexagalloylglucose from the extract and concluded that it is a major component regulating protection from particulate matter. Based on these results, witch hazel extract containing hexagalloylglucose is an active ingredient in anti-pollution skin care products.
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1. Introduction


Hamamelis virginiana or witch hazel, is a useful shrub or small tree and is native to the eastern parts of North America. Native Americans used it for dowsing, observed by early European immigrants, and various preparations of its stem and leaves, such as extracts, tinctures, distillates, and creams, have been applied for skin troubles [1,2]. It is now widely accepted as an anti-inflammatory agent to treat sunburn, atopic eczema, and irritated skin, and it has astringent and antiphlogistic properties [3]. Moreover, beneficial compounds from the leaves or bark of witch hazel have been identified, mostly polyphenols such as hydroxycinnamic acids, flavonoids, and tannins [4,5,6,7,8]. It has been shown to contain many hydrolysable tannins, including the major component hammamelitannin, gallic acid, and carbohydrates with five (pentagalloylglucose) to ten (tannic acid) galloyl moieties. Among these, hammamelitannin displayed inhibition of tumor necrosis factor (TNF) α-induced cell death and showed other immunomodulatory effects.



One of the pioneering studies showed that the topical use of a formulation containing witch hazel distillate was highly effective to soothe UV-irritated skin [1]. This is a fine example showing that it can be adopted for the products that consumers want to use to protect their skin from the everyday stresses caused by “exposome” [9]. During the COVID-19 pandemic, a significant number of people around the world have complained of irritated skin, called “maskne”, due to the heavy use of facemasks [10]. Therefore, the cosmetics industry has been facing ever-growing demands for soothing products, specifically targeting environmental factors. As more consumers are looking for natural ingredients in their personal care products, we attempted to identify effective herbal extracts for protecting skin cells from air pollution. Previously, we introduced an innovative test platform where particulate matter 2.5 (PM2.5) mimics could directly challenge human bronchial/tracheal smooth muscle (HBT-SM) cells or keratinocytes (HaCaT cells), and produced a consistent output through transient induction of intracellular calcium concentration ([Ca2+]i) [11]. We revealed that the Ca2+ signal was generated by proteinase-activated receptor-2 (PAR-2) and was accompanied by both an increase in pro-inflammatory cytokines and a decrease in tight junction proteins. These results demonstrated systematic damage by PM2.5 on skin cells at the molecular level, supported by later studies demonstrating that skin barrier function is affected by PMs; one such study reported the clinical significance of these findings [12,13]. Over the last year, similar studies reached similar conclusions, confirming the crucial impact of PMs on keratinocytes [14,15]. Moreover, ER stress elicited by PM could also raise [Ca2+]i, eventually increasing melanin production [16,17].



In the present work, we could reveal that H. virginiana stem and leaf extract (HVE) could lower the Ca2+ influx in HaCaT cells by fine dust. The response involved PAR-2, NF-κB, and Occludin, like in previous work, and HVE could effectively reverse the damaging outputs. We further identified hexagalloylglucose (HGG) as a novel active ingredient of HVE to modulate [Ca2+]i upon PM stress.




2. Materials and Methods


2.1. Treating Cells with PM, HVE, and HGG


DPM NIST® SRM® 1650b, Fura-2/AM and Pluronic™ F-127 were purchased from Merck (Darmstadt, Germany) and Invitrogen (Waltham, MA, USA). DPM solution was prepared as a stock (25 mg/mL) in dimethyl sulfoxide (DMSO) and sonication in a water bath was applied prior to use, as previously mentioned [11]. We tried to keep the same conditions as the DPM solution, because it cannot be homogeneous all the time. Witch hazel stem and leaves were purchased from Cailleau Herboristerie (Chemillé, France). The doses of HVE and HGG were determined based on cytotoxicity (Supplementary Figure S1).




2.2. Measuring Intracellular Ca2+ Concentration


HBT-SM cells were purchased from LIFELINE Cell Technology (Frederick, MD, USA) and HaCaT cells were from AddexBio (San Diego, CA, USA). As previously described [11], the cells preloaded with 5 μM Fura-2/AM (Invitrogen, Carlsbad, CA, USA) and 0.1% Pluronic™ F-127 (Invitrogen), were attached to the coverslip, where [Ca2+]i was measured in the perfusion system with 340 and 380 nm excitation and an emission of 510 nm. The same amount of extraction vehicle (butylene glycol for HVE, or DMSO for HGG) was added to the control.




2.3. Western Blot Analysis


HaCaT cells were cultured and treated with DPM (25 μg/mL) and HVE or HGG as previously described [11]. The cells were lysed in RIPA buffer with protease inhibitor cocktail, and the same amount of protein was resolved in 4–12% SDS polyacrylamide gels for Western blotting. Antibodies were diluted to 1:1000 (PAR-2, NF-κB, and Occludin) or 1:10,000 (β-actin). PAR-2 (#6976), NF-κB (#8242), and Occludin (#91131) antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). The antibody against β-actin (A1978) was from Sigma Aldrich (St. Louis, MO, USA). Image Quant LAS 4000 (GE Healthcare, IL, USA) hardware and software were used to detect and analyze Western blot results. We also used Image J (NIH, Bethesda, MD, USA) for analyses.




2.4. Identifying Active Compounds in HVE


The stem and leaf of H. virginiana were extracted in water once, and residual raw materials were extracted again in ethanol. The ethanol extract was further fractionated by Sephadex LH-20 (Merck, Germany) to isolate HGG, the structure of which was determined with NMR spectroscopy (Supplementary Figure S2).



Hexagalloylglucose: 13C-NMR (100 MHz, CD3OD) δ 169.1, 167.9, 167.3, 167.0, 166.9, 166.2 (all galloyl carbonyl C), 146.5, 146.4 (×3), 143.2 (all galloyl C-3′, 5′), 140.7, 140.3 (×2), 140.1, 140.0, 139.7 (all galloyl C-4′), 121.4, 121.0, 120.3, 120.2 (×2), 119.7 (all galloyl C-1′), 110.7 (×2), 110.5 (×5), 110.4 (×3), 110.1 (×2) (all galloyl C-2′, 6′), 93.8 (glucose C-1), 74.3 (glucose C-5), 74.1 (glucose C-3), 72.2 (glucose C-2), 69.8 (glucose C-4), 63.1 (glucose C-6) [18].





3. Results


We screened natural products (extracted in 40% 1,3-butylene glycol with 1:50 ratio) frequently used in cosmetics, to find one that could lower the Ca2+ influx upon DPM-treatment. When we challenged HBT-SM cells with 25 μg/mL of DPM, a steep increase in [Ca2+]i was observed like in previous results (Figure 1A). Under the same conditions, 2% HVE in the media could strongly reduce initial increase in [Ca2+]i, instead slowly increasing to a steady-state. Consistent with the results from HBT-SM cells, 2% HVE could also reduce the increase in [Ca2+]i in HaCaT cells upon DPM-treatment (Figure 1B). In both types of cells, [Ca2+]i slowly increases to reach a steady-state, indicating that HVE may not completely block the Ca2+ influx. However, the rapid increase in [Ca2+]i was the most prominent outcome of DPM-treatment and directly indicated the engagement of PAR-2 with physiological responses in the previous experiments [11]. Thus, we chose HVE to further analyze the molecular markers in the downstream responses to DPM.



To estimate the DPM-induced damage state of HaCaT cells, we first checked the level of PAR-2 proteins with different concentrations of HVE in the media. As we expected, HVE could revert the increase in PAR-2 elicited by DPM-treatment, to even lower levels than normal (Figure 2A). DPM increased the level of PAR-2 as in the previous finding, and we could observe PAR-2 reduction by HVE in a concentration-dependent manner. Ca2+ influx via PAR-2 is linked with several downstream pathways, such as an increase in pro-inflammatory cytokines and a decrease in tight junction proteins. Next, we measured the level of NF-κB to monitor the inflammatory pathway elicited by DPM. Significant induction of NF-κB protein by DPM was effectively reversed by HVE (Figure 2B). Like PAR-2, NF-κB was decreased to much lower levels by increasing the amount of HVE, indicating that HVE could be an effective anti-inflammatory agent, especially under the attack by air pollution. Finally, the level of Occludin protein of HaCaT cells was investigated as an indicator of tight junction integrity. In Figure 2C, DPM decreased the level of Occludin as in the previous result, but HVE enabled cells to recover it in a concentration-dependent manner. The series of Western blot analyses led us to conclude that HVE could not only modulate the Ca2+ influx by DPM, but also protect cells from a damaged state.



Plenty of natural products have been developed as active ingredients in cosmetics, but most share common issues of consistency and quality control. Therefore, it is very important to identify the compound, which can be a major component for the shown activities, although the actual mechanism of whole extracts could be much more complex. We identified hexagalloylglucose (HGG, 3-O-digalloyl-1,2,4,6-tetra-O-galloyl-β-D-glucose, Figure 3A) from HVE. By checking [Ca2+]i curves, we verified that HGG might be the most active component of HVE in the model. First, HGG alone could inhibit the fast Ca2+ influx by DPM-treatment of HBT-SM cells as efficiently as HVE (Figure 3B). The reduction in [Ca2+]i was almost identical, but the amount of HGG (100 μg/mL in the media) was excessive, considering its low concentration in HVE. We could conclude that HGG is an active compound of HVE to protect cells from the DPM damage. However, we have to admit that the effect of HVE should be a combined effect of diverse compounds, most of which we could not identify. We then confirmed that HGG acts on HaCaT cells as well (Figure 3C).




4. Discussion


In this study, we report that H. virginiana can be an active ingredient in cosmetics, protecting skin cells from damage by air pollutants, such as PM. Our platform, which monitors [Ca2+]i during the treatment of cells with DPM, showed highly effective blocking of signal generation by HVE. Like a previous report [11], this platform could successfully identify novel active compounds or natural products that can protect epidermal cell damage induced by PM. Another recent study demonstrated an increase in [Ca2+]i by PM2.5, in which the endoplasmic reticulum stress-related proteins are involved [17]. Although the detailed mechanisms and related molecules are different, both studies implicated [Ca2+]i as a useful indicator to monitor cellular damage by PMs. Calcium (Ca2+) is called a universal second messenger, and can regulate diverse biological functions, but its role in skin health has been relatively overlooked. Dissection of the pathways from PMs to downstream events, such as inflammation, skin barrier function, and pigmentation, should be investigated, and further studies using 3D models or the tests of the chronic effect of HVE and HGG in vivo would help to understand the physiological significance of these findings.



Next, we confirmed the reduction in damage signal by HVE with known molecular markers. PAR-2 expression was downregulated by HVE, back to the normal level from that increased by DPM. NF-κB was also downregulated, suggesting that the inflammatory state by DPM was controlled by HVE. Finally, the tight junction protein Occludin was upregulated in the presence of HVE and all of these results were in good accordance with previous reports on the protecting effects under DPM attack. Various tannins were identified from H. virginiana and were studied for their biological activities [7,8,19]. However, the role of HGG in HVE was not yet reported. Here, we addressed HGG as another active compound of HVE that can specifically modulate [Ca2+]i via the PAR-2 pathway to protect skin cells. Together with these results, we can introduce an innovative skin care ingredient for those who are searching for anti-pollution products. The chronic toxicity, however, should be further analyzed before being applied in consumer products.




5. Conclusions


Here, we demonstrated that witch hazel could be a novel skincare ingredient, especially for anti-pollution products. HVE could protect keratinocytes from the inflammatory condition by PMs and simultaneously help to recover their barrier function via tight junction protein expression.
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Figure 1. [Ca2+]i of HBT-SM (A) and HaCaT (B) cells were monitored. Both cells showed previously reported Ca2+ influx by DPM addition at the indicated time (arrows, 25 μg/mL in the media), which HVE (2% in the media) successfully inhibited (red curves). Ns indicate the number of cells that we analyzed for the quantification. After normalization, the difference between DPM only and DPM+HVE was analyzed using a Student’s t-test. *** p < 0.001. 
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Figure 2. HVE supported HaCaT cells to recover from the DPM-induced damage state. The levels of PAR-2 (A) and NF-κB (B) were increased by DPM treatment (25 μg/mL in the media), but HVE could reduce them to or below the normal level. On the contrary, the level of Occludin (C) was decreased by DPM, but returned to the normal level by HVE. Densitometry data were normalized by β-actin and the significance was analyzed using a paired Student’s t-test. * p < 0.05; ** p < 0.01. 
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Figure 3. HGG is an active compound that can manifest the protective effect of HVE on the cells. (A) The structure of HGG resolved by NMR. (B) HGG (100 μg/mL in the media) showed almost identical effect with HVE (2% in the media) on the [Ca2+]i of HBT-SM cells upon DPM treatment at the indicated time (arrows). (C) HGG could also decrease the [Ca2+]i of HaCaT cells, suggesting the protection from the DPM damage. After normalization, the significance of difference to the control (DPM only) was analyzed using a Student’s t-test. *** p < 0.001. 
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