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 Salidroside Protects Human Erythrocytes against Hydrogen Peroxide-Induced Apoptosis Erin Wei Qian, Daniel Tianfang Ge,‡ and Siu-Kai Kong* Programme of Biochemistry, School of Life Sciences, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, People's Republic of China ABSTRACT: Rhodiola rosea is a commonly used folk medicine for the treatment of high altitude sickness, mountain malhypoxia, and anoxia. Its active ingredient, salidroside [2-(4hydroxyphenyl)ethyl β-D-glucopyranoside (1)], has been reported to have a broad spectrum of biological effects. However, the protective role of 1 in human erythrocytes remains unclear. This study therefore has investigated the effects of 1 on oxidative stress-induced apoptosis in human erythrocytes (also known as eryptosis or erythroptosis). Compound 1 increased cell survival significantly and prevented human erythrocytes from undergoing eryptosis/erythroptosis mediated by H2O2, as confirmed by the decreased expression of phosphatidylserine on the cell surface and reduced leakage of calcein through the damaged membrane. Mechanistically, 1 was found to exert its protective effects through its antioxidative activity and the inhibition of caspase-3 activation and stress-induced intracellular Ca2+ rise in a dose-dependent manner. Compound 1 is a protective agent in human erythrocytes against oxidative stress and may be a good adaptogen to enhance the body’s resistance to stress and fatigue.
 
 T
 
 he plant Rhodiola rosea L., belonging to the family Crassulaceae, is used popularly as a folk medicine in Europe and mainland China. Previous studies have indicated that R. rosea is able to enhance both physical and mental performance.1−4 Its active constituent, salidroside (1) [2-(4hydroxyphenyl)ethyl β-D-glucopyranoside],4 has been reported to have a broad spectrum of pharmacological properties, such as antiaging,5 anti-inflammatory,6 antihypoxia,7,8 and antioxidative9,10 effects. R. rosea has long been used as a blood tonic and adaptogen to prevent high altitude sickness and to treat mountain malhypoxia and anoxia.11,12 There are published studies showing that R. rosea and 1 can provide cardiovascular protection against ischemic/reperfusion injuries.13,14 Also, 1 has been demonstrated to prevent oxygen-glucose deprivationinduced apoptosis in rat neonatal cardiomyocytes.15 A commercial extract of R. rosea containing 1 (70%) extended the lifespan (24%) of Drosophila melanogaster by reducing the level of endogenous superoxide.16 Recently, 1 was demonstrated to protect PC12 cells against H2O2-induced apoptotic cell death.17 However, the protective effect of 1 in erythrocytes remains unclear. In light of this, it was hypothesized that 1 rescues human erythrocytes from apoptosis triggered by oxidative stress. It has been known for some time that apoptosis is not limited to nucleated cells, since mature enucleated erythrocytes also share a program for self-destruction through apoptosis. Although the mechanism is poorly understood, mature red blood cells (RBCs) can undergo a type of apoptosis known as eryptosis or erythroptosis without the involvement of the mitochondria or the nucleus. Similar to apoptosis, eryptosis/ © 2012 American Chemical Society and American Society of Pharmacognosy
 
 erythroptosis is characterized by membrane blebbing, cell shrinkage, activation of proteases, externalization of phosphatidylserine (PS) on the cell surface, and loss of membrane integrity. During apoptosis, the PS-exposed RBCs are recognized and removed by macrophages through receptormediated phagocytosis. Apart from senescence, eryptosis/ erythroptosis can be induced by oxidative stress. Activation of Ca 2+ -permeable cation channels is one of the major mechanisms that triggers apoptosis in RBCs besides the activation of caspases.18,19 In the present study, it is reported that 1 protects erythrocytes from H2O2-induced apoptosis through an antioxidative effect, suppression of the increase in the intracellular free Ca2+ ion concentration ([Ca2+]i), and inhibition of caspase-3 activation.
 
 ■
 
 RESULTS AND DISCUSSION
 
 The potential cytotoxic effect of 1 on freshly isolated human erythrocytes was determined by hemolysis assay. As shown in Received: June 28, 2011 Published: April 6, 2012 531
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 apoptotic cells. However, in the presence of 1, the proportion of viable cells increased from 63% (0 μM 1) to 70% (100 μM 1) and 75% (300 μM 1), while the very early apoptotic cells in the lower left quadrant decreased correspondingly from 27% to 17% and 14%. Experiments were repeated, and a similar response profile is demonstrated in Figure 2B. Increase in [Ca2+]i is an important apoptotic trigger in human RBCs.18 Therefore the change in the [Ca2+]i in RBCs was measured using fluo-4/AM. Without Ca2+ binding, fluo-4 is nonfluorescent, but the fluorescence increases in a concentration-dependent manner when bound with free Ca2+ ions. As expected, after calcium ionomycin treatment, the fluo-4 fluorescence signals moved to the upper right quadrant in the PE-annexin-V/Fluo-4 two-variant plot, indicating that ionomycin increased the [Ca2+]i and at the same time promoted the PS externalization (Figure 3A). This finding agreed well with the previous observations that ionomycin is an apoptotic agent in erythrocytes.18 When RBCs were challenged with H2O2 (1 mM) alone, the fluorescence signals moved to the upper right corner in the PE-annexin-V/Fluo-4 two-variant plot, indicating an increase in [Ca2+]i and PS externalization. On the contrary, cells treated with 1 alone (100 and 300 μM) did not alter much in [Ca2+]i and PS externalization when compared to that of the control group. When cells were co-treated with H2O2 (1 mM) and 1 (100 or 300 μM), more signals moved in a dosedependent manner back to the lower left corner, indicating a reduction in the [Ca2+]i and PS externalization (Figure 3A). Experiments were repeated, and the results are summarized in Figure 3B. As can be seen, the higher the dose of 1, the stronger the protection. This observation again indicates that 1 protects the erythrocytes from H2O2-induced apoptosis through the inhibition of a rise in [Ca2+]i. Activation of caspase-3 is an important step in apoptosis.22 It also has been reported that caspase-3 activation was detected in the apoptosis of RBCs under certain conditions.23,24 Accordingly, it was tested if caspase-3 is involved in the H2O2mediated eryptosis/erythroptosis and whether 1 provides any protection in this aspect. To address these questions, the caspase-3 activity was studied using a fluorogenic caspase-3 assay. For the positive controls, erythrocytes were treated with staurosporine (STS), a potent apoptotic agent. As can be seen in Figure 4A, STS increased the caspase-3 activity (94.5% in the selected region) significantly when compared to that of control (0.3%) or 1 (300 μM) (0.2%). When RBCs were treated with H2O2 (1 mM) alone, the cell population moved to the righthand side, indicating the activation of caspase-3 enzyme. However, the degree of activation was less than that of the STStreated group (51.2% vs 94.5%). When cells were incubated with H2O2 (1 mM) together with 1, the degree of caspase-3 activity was partially suppressed, also in a dose-dependent manner (Figure 4B). From Figure 3A, it seems likely that 1 suppresses the H2O2mediated increase in [Ca2+]i. As cellular Ca2+ ion is a crucial trigger for the induction of apoptosis in human RBCs, it was determined whether 1 suppresses a rise in [Ca2+]i elicited by ionomycin. As shown in Figure 3C and D, 1 partially inhibited the ionomycin-induced [Ca2+]i rise. This indicates that the protective effect is due, at least in part, to the Ca2+ efflux through the plasma membrane in the RBCs, in which organelles for taking up Ca2+ ions into internal stores are lacking. Likewise, 1 partially blocked the STS-mediated activation of caspase-3 (Figure 4C and D). Previous studies have shown that 1 is an antioxidant,9,10 so the potential protection from 1 was
 
 Figure 1A, 1 did not exhibit any observable hemolytic effect at a concentration up to 800 μM in a 2-h incubation or 400 μM in a
 
 Figure 1. Effect of compound 1 on hemolysis in human erythrocytes. Erythrocytes were cultured with various concentrations of 1 in the absence (A) or presence (B) of H2O2 (1 mM) for 2 and 24 h at 37 °C, 5% CO2. Hemolysis was then measured. Mean ± SEM, n = 5, *p < 0.05, **p < 0.001.
 
 24 h treatment, indicating that the erythrotoxicity of 1 in human cells is minimal. Next, it was examined as to whether 1 exerts any protective effect against hemolysis elicited by H2O2. When RBCs were incubated with H2O2 (1 mM) alone, about 20% and 50% of total hemolysis were obtained in the 2 and 24 h incubations, respectively (Figure 1B). When 1 was added, a dose-dependent prevention of H2O2-induced hemolysis was observed. In particular, hemolysis was reduced significantly when the concentration of 1 was 50 or 100 μM. Although the toxic effects from H2O2 could not be totally neutralized, the results obtained indicated that 1 can, at least in part, protect the RBCs from acute (2 h) and long-term (24 h) oxidative stress from H2O2. To determine the effect of 1 on the H2O2-mediated apoptosis, a flow cytometric PE-annexin-V/calcein assay was employed to examine the protective effect. As shown in Figure 2A, most of the cells in the control group were found in the lower right quadrant (ca. 97%). These were healthy cells with normal membrane integrity and PS asymmetry (calcein+ and annexin-V−). To confirm the validity of the assay, Ca2+ ionomycin was used, which elicits apoptosis in erythrocytes as a positive control.20 In the positive control group, Ca2+ ionomycin (1 μM) increased significantly the number of early apoptotic cells (calcein+ and annexin-V+) in the upper right quadrant (68.5% vs 2.6% in control), with a concomitant decrease in the number of healthy cells (0% vs 97% in control). Also, the number of late apoptotic cells (calcein− and annexinV+) in the upper left quadrant of the ionomycin-treated group increased slightly (25.2% vs 0% in control). When cells were treated with H2O2 (1 mM) alone, few erythrocytes were found in the late apoptotic quadrant (
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