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Pomegranate (Punica granatum) fruit extract (PE), their constituent polyphenols, including punicalagin (PA)
and ellagic acid (EA), and their gut-microbial derived metabolite urolithin A (UA) have been reported to
show skin beneficial effects. However, their mechanism(s) of action remain unclear. Herein, we
investigated the pomegranate extract (Pomella®), PA, EA, and UA for their skin protective effects, using a
panel of in-house in vitro assays, on type-I collagen, DNA structure integrity, and human keratinocytes
against hydrogen peroxide (H2O2)-induced oxidative and methylglyoxal (MGO)-induced glycative stresses.
Protective effects of Pomella® extract and its phenolics on type-I collagen were evaluated by measuring the
formation of MGO-induced advanced glycation endproducts (AGEs) and the changes of secondary
structure of collagen during glycation using in vitro biochemical assays. Next, the protective effects of
pomegranate extract (Pomella®), and its phenolics on DNA structure integrity were evaluated by
measuring the DNA-MGO adducts formed during MGO-induced DNA glycation using high liquid
performance chromatography (HPLC) and mass spectrometry (MS) analysis. Furthermore, protective
effects of PE and its phenolics on DNA structure integrity was evaluated in a cellular based model using
human keratinocytes HaCaT cells. The MGO-induced cellular DNA damage was accessed by
immunofluorescent Comet assay. In addition, protective effects of PE on HaCaT cells against H2O2- and
MGO-induced damage were evaluated by measuring levels of cellular reactive oxygen species (ROS),
apoptotic cell populations, and apoptotic related enzymes including caspases-3/7, -8, and -9. Pomegranate
extract (Pomella®), and its phenolics including punicalagins, EA, and UA inhibited the MGO-induced
collagen glycation and reduced the formation of Amadori products in fluorescent based biochemical
assays. Furthermore, circular dichroism (CD) analysis showed that PE, PA, EA, and UA showed protective
effects on type-I collagen on the denaturing effect of glycation by maintaining the secondary structure. For
the protective effects on DNA integrity, Pomella extract (PE) and Punicalagins (PA) maintained DNA
structure by reducing the formation of MGO-induced DNA glycation adducts including aminocarbinol,
imidazopurinone, and N2-(1-carboxyethyl)guanine. PE and its phenolics including PA, EA, and UA protected
the DNA integrity of human keratinocytes as decreasing DNA damage in Comet assay. PE also showed
cytoprotective effects against H2O2- and MGO-induced stresses in HaCaT cells. PE reduced H2O2- and MGO-
induced cellular ROS production and ameliorated H2O2- and MGO-induced cytotoxicity as increasing cell
viability. In addition, PE showed protective effects against H2O2-induced apoptosis in HaCaT cells by
decreasing the apoptotic cell population by 67.3%. The anti-apoptotic effect of PE was further supported
by evaluation of levels of caspases enzyme, where PE down-regulated the levels of caspase 3/7 by 2.31-
fold as compared to the H2O2-treated HaCaT cells. Notably, PA, the major polyphenol present in PE, had
superior bioactivities to other tested pomegranate phenolics including EA and UA in the aforementioned
bioassays.
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Fig. 2. Effects of H2O2 on viability of HaCaT cells and ROS production in HaCaT cells (A). Cell viability was measured
by CTG 2.0 assay (B). Representative images of HaCaT cells stained with crystal violet and Hoechst 33342 (C).

Fig. 3. Effects of PE and pomegranate phenolics on apoptosis of HaCaT cells induced by H2O2. The apoptotic cell
populations (annexin V+/PI − and annexinV+/PI + ) of HaCaT cells with or without treatments of PE, PA, EA, and UA
were quantified by gated patterns in double stains (A-D). HaCaT cells stained with annexin V-FITC/PI and assayed
by flow cytometry (E).

Fig. 1. Inhibitory effects of AG (aminoguanidine, positive control; at 100 μM), PE [50 (L), 200 (M), and 300 (H)
μg/mL], and PA, EA [50 (L), 100 (M), and 300 (H) μM] against the glycation of type I collagen induced by fructose (10
mM) or MGO (5 mM).

Fig. 4. Effects of MGO on viability of HaCaT cells in HaCaT cells measured by using CTG 2.0 assay (A). Representative
images of HaCaT cells stained with crystal violet (B).

Fig. 5. Protective effects of PE phenolics on the MGO-induced DNA damage of HaCaT cells measured by Comet assay
(A-F). Quantitative analysis of Comet assay (G).

Fig. 6. Protective effects of PE phenolics on the MGO-induced DNA damage of HaCaT cells measured by HPLC assay
(A and B).

Pomegranate extract (Pomella®) and its phenolics showed protective effects
on type-I collagen, DNA structure integrity, and human keratinocytes against
H2O2- and MGO-induced oxidative and glycative stresses. PA showed the
most promising biological activities among tested pomegranate phenolics.
These results suggest that pomegranate phenolics may be utilized as natural
antioxidants for various cosmeceutical applications including consumable and
topical products for skin health.
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INTRODUCTION

Scheme. 1. Graphic abstract of the effects of pomegranate (Punica granatum) extract (A) and its phenolics and
microbial metabolite (chemical structures; B) ameliorating hydrogen peroxide-induced oxidative stress and
cytotoxicity in human keratinocytes HaCaT cells.
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