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          Acute kidney injury (AKI) is associated with ROS-mediated oxidative damage and cell injury. The present study investigated the possible nephroprotective effects of a standardized Cichorium intybus L. (Chicory) leaf extract using human embryonic kidney (HEK293) cells. The cells were pre-treated with the hydroalcoholic chicory leaf extract (≥ 3% chicoric acid) at non-cytotoxic concentrations (12.5 and 25 μg/mL) for 4 h and 1 h respectively before exposure to 20 μM cisplatin (CP) or 500 μM H2O2 for 24 h. The apoptotic changes in the cells were observed by acridine orange/ethidium bromide staining followed by western blot analysis. Fluorescence-based assays were performed to examine the caspase activation and cellular ROS generation (DCFH-DA assay). The plant extract was further screened for in vitro antioxidant activities. Morphological examination revealed that chicory extract protected the cells from CP/H2O2-induced early and late apoptosis. The extract-treated cells showed a relatively reduced expression of P53, Bax/Bcl-2 ratio, and caspases compared to the CP-induced cells. The pretreatment with chicory extract downregulated the apoptotic proteins and activated the Pi3K/AKT/Nrf-2/HO-1 signaling in the H2O2-induced cells. Also, the extract-treated cells showed a significantly reduced intracellular ROS compared to the H2O2-alone treated cells. The chicory extract exhibited moderate free radical scavenging activity. Our findings provide preliminary evidence on the possible nephroprotective activity of chicory leaf extract and encourage further studies on preclinical models.
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      Introduction
      Acute kidney injury (AKI) is characterized by a compromised renal function due to the damage of renal tubules. AKI can range from mild to severe, caused by sepsis, nephrotoxins, pregnancy and renal ischemia-reperfusion.1 AKI-related mortality has affected the global population with the incidence of occurrence being either community-acquired or hospital-acquired.2 In developed countries, the incidence of AKI is common in hospitalized individuals, caused by the medications especially in the intensive care unit.3

      Kidney is a dynamic organ that plays a crucial role in the excretory system. Renal function involves more of the oxidation reactions in mitochondria. This makes the organ more susceptible to oxidative stress.4,5 Progressive oxidative stress leads to the chronic kidney disease (CKD) that can further result in secondary complications such as inflammation and cardiovascular diseases.6,7 There is plentiful of evidence for the elevating levels of oxidative stress markers with the deteriorating renal function in CKD.8,9 Dietary supplementation of the antioxidants is an effective strategy in the CKD management. Plant-based therapies have been used to improve the progression of CKD for several years.10 These complementary and alternative medicines have been used either solely or as complement to the conventional medicines.11

      Cichorium intybus L. (Fam. Asteraceae) is a perennial plant native to parts of Asia, Europe and Africa. Chicory is valued not only as a food source but also as a versatile source of medicinal applications. Chicory extracts have significant pharmacological properties that include antidiabetic, analgesic, antimicrobial, anticancer, hepatoprotective and neuroprotective activities.12–14 Previously, the antioxidant activity of C. intybus leaf extract has been demonstrated, attributing to the presence of pharmacologically active phytochemicals and minerals.15 Epure et al. reported the cardioprotective and nephroprotective activities of C. intybus extract in rats.16 Chemically, chicory leaves contain gallic acid, chlorogenic acid, caffeic acid, p-hydroxybenzoic acid, p-coumaric acid and isovanillic acid as major polyphenols.17,18 In addition, the plant also contains chicoric acid, a derivative of caffeic acid and tartaric acid. In fact, chicoric acid was first identified in C. intybus leaves. However, later it has been charted in several other plant families.19

      In accordance with the available literature, we hypothesized that chicory extract with a standardized content of chicoric acid exert potential nephroprotective activity. To prove the hypothesis, we have used two in vitro cell culture models: cisplatin (CP)-induced toxicity and H2O2-induced oxidative stress in HEK293 cells. Herein, we report for the first time that chicory leaf extract has anti-apoptotic and antioxidant activities that can protect the AKI-induced renal cell damage.

    

    

  
    
      Experimental
      Chemicals and reagents – Chicoric acid (Purity: 97%), Dulbecco's modified eagle medium (DMEM) (D5648), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT) (M2128), acridine orange (318337), 2',7'-dichlorofluorescin diacetate (DCFH-DA) and Radio Immunoprecipitation Assay (RIPA) lysis buffer were procured from Sigma Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS) was purchased from GIBCOTM, USA. Ethidium bromide (MB071) was obtained from Himedia. Cisplatin (CP, sc-200896), Caspase fluorescent assay substrates (Z-DEVD)2-R110 (sc-477255) and Ac-LEHD-AFC (sc-311277), primary antibodies for P53 (sc-98), PARP-1 (sc-8007), Caspase-9 (sc-73548), caspase 3 (sc-7272), Bcl-2 (sc-7382), Bax (sc-20067), Nrf2 (sc-365949), HO-1 (sc-136960), Akt (sc-56878), Pi3K (sc-1637), phosphorylated Akt (sc-514032) and phosphorylated Pi3K (173665) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

      Plant extract – The fresh C. intybus (Chicory) leaves were collected during the month of September 2023 from the Northern part of India. The plant material was authenticated at R&D center, Vidya Herbs Pvt Ltd., and the voucher specimen stored in the facility (VH/CH/31/23). The leaves were shade-dried and powdered. A 100 g powdered leaf sample was extracted with 800 mL of 70% (v/v) ethanol in water at 65–70°C for 3 h. After 3 h of extraction, the mixture was cooled and filtered through a Buchner filter under vacuum. The extraction was repeated three more times with 600 mL of 70% (v/v) ethanol each time. The filtrate was pooled and concentrated to dryness using a rotary evaporator under vacuum at 65–70°C. The final extract (20 g) was analyzed for the chicoric acid content.

      Quantification of chicoric acid by High performance liquid chromatography (HPLC) – The chicoric acid content in the chicory leaf extract was quantified using the Shimadzu LC2030 C Prominence-i (Japan) system, equipped with a quaternary low-pressure gradient pump. A separation was carried out in a Kinetex XB C-18 column (100 Å, 150 mm × 4.6 mm, 5 µm pore size). Reverse phase elution was performed with 50 mM sodium acetate (solvent A) and acetonitrile (solvent B) with a flow rate of 0.5 mL/min and an injection volume of 10 µL. The column oven temperature was maintained at 28°C, monitored with UV detection at 335 nm. The gradient elution consisted of 10 to 90% of solvent B at 0.01 to 1 min, followed by 90% of solvent B from 1 to 4 min, and return to the initial condition from 4 to 8 min. A 10% of solvent B continued up to 10 min. The limit of detection (LOD) and limit of quantification (LOQ) were 0.9 ppm and 2.7 ppm, respectively. The detailed quantification method of chicoric acid is provided in Supplementary file.

      Cell culture – Human embryonic kidney (HEK293) cell line was procured from Cell repository, National Center for Cell Sciences, Pune, Maharashtra, India. The cells were cultivated in DMEM supplemented with 10% FBS and 100 µg/mL streptomycin and 100 units/mL penicillin, in a humidified CO2 incubator at 37°C.

      Cell viability test – Cytotoxicity assessment in HEK293 cells was performed using MTT assay. Briefly, the cells were seeded at a density of 1.5 × 104 cells/well in a 96-well plate and incubated overnight at 37°C. Later, the cells were exposed to different concentrations of chicory extract (0.025–0.5 mg/mL) for 24 h. Subsequently, the media was removed and 100 µL of MTT solution (5 mg/mL) added. After 4 h of incubation, the formazan crystals were solubilized, and absorbance measured at 570 nm in a microplate reader (Tecan Infinite 200 Pro).

      CP-induced HEK293 nephrotoxicity model in HEK293 cells – HEK293 cells were seeded onto 6-well plate at a density of 4 × 105 cells/well. The cells were pre-incubated with 12.5 and 25 µg/mL of chicory extract for 4 h at 37°C in CO2 incubator. Later, 20 µM CP was added and further incubated for 24 h. The cells were observed for morphological changes under the microscope and the images captured.

      H2O2-induced oxidative stress model in HEK293 cells – HEK293 cells were seeded onto 6-well plate at a density of 2.5 × 105 cells/well. The cells were pre-incubated with 12.5 and 25 µg/mL of chicory extract for 1 h at 37°C in CO2 incubator. Later, 500 µM H2O2 was added and further incubated for 24 h. The cellular morphology was observed under the microscope.

      Acridine orange (AO) and Ethidium bromide (EB) dual staining – The AO/EB staining was performed as described by Ribble et al.20 After the experimental treatments as described above, the culture media was removed, and the cells detached using trypsin-EDTA solution. The cell pellets were resuspended in PBS (25 µL) and 2 µL of AO/EB dye mix (100 µg/mL each). The stained cells were observed under a fluorescence microscope (Lawrence and Mayo India Pvt Ltd.) for the apoptotic changes.

      Western blotting – The cell lysates (20 µg protein) were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinyldenefluoride (PVDF) membrane (Pall Life Sciences). The membranes were blocked with 5% skimmed milk in Tris-buffered saline containing 0.1% Tween-20 (TBST) and later probed with primary antibodies overnight at 4°C. Then, the blots were incubated with HRP-conjugated secondary antibody for an hour at room temperature and developed using enhanced chemiluminescence (ECL), visualized and photographed in ImageQuantTM LAS 500 (GE Healthcare, Chicago, USA).

      Caspase activity assay – The caspase activation in the cells was studied by fluorescence-based assays described elsewhere, with slight modifications.21,22 Briefly, the cell lysate protein samples (10-50 µg) were incubated with (Z-DEVD)2-R110 and Ac-LEHD-AFC respectively for caspase 3/7 and caspase-9 activities for 2 h at 37°C. Later, the reaction mixtures were measured for fluorescence at excitation and emission wavelengths of 485 and 535 nm for caspase 3/7 activity, and 400 and 505 nm for caspase 9 activity.

      Cellular ROS assay – The formation of intracellular reactive oxygen species (ROS) was evaluated using DCFH-DA as per the method described elsewhere with slight modifications.23 Briefly, HEK293 cells were seeded on to black 96-well plate at 1.5 × 104 cells/well. After overnight culture, the cells were treated with the non-toxic concentrations of chicory extract for 4 h. Later, the cells were washed with phosphate buffered saline (PBS) and further incubated for 45 min with 20 µM DCFH-DA in the CO2 incubator. The supernatant was removed, and the cells were incubated with 500 µM of H2O2 solution in DMEM for 1 h. The fluorescence was measured with excitation and emission wavelengths of 485 nm and 530 nm respectively using a microplate reader (Tecan Infinite 200 Pro).

      In vitro antioxidant assays – The free radical scavenging action of chicory extract was determined using in vitro assays such as DPPH, ABTS, nitric oxide and hydroxyl radical scavenging activities.24-27 Oxygen radical absorbance capacity (ORAC) assay was performed in accordance with Lucas-Abellán et al. with modifications.28 The ORAC value was expressed as µM Trolox Equivalence/g.

      Statistical analysis – The data were analyzed using GraphPad Prism 10.2.0 (GraphPad Software Inc.) and presented as mean ± standard deviation. The data were statistically analyzed by one way ANOVA followed by Tukey's test. p < 0.05 were considered statistically significant.

    

    

  
    
      Results and Discussion
      CKD is characterized by the progressive loss of renal function while AKI refers to the sudden reduction in the kidney function.29 Use of plant-based compounds as nephroprotective agents is well-documented.30,31 In the present study, we have used the in vitro cell culture models to demonstrate the nephroprotective effect of a standardized chicory extract.

      Firstly, the standardized chicory leaf extract was quantified for the presence of 3.64% of chicoric acid. The details of chicoric acid quantification are provided in Supplementary file. The retention time of chicoric acid in the reference standard and chicory extract was found to be 2.667 min and 2.625 min respectively (Fig. 1).

      
        
        

        Fig. 1. 
				
        

        
          HPLC chromatograms of chicoric acid. (A) Reference standard; (B) Chicory extract.
        
        

        

      

      In the present study, we have used the CP-induced HEK293 cell culture model to demonstrate the protective effect of chicory extract. CP is a well-known anticancer drug used for treating several types of cancer. The drug, however, is associated with unwanted side effects including AKI and other kidney diseases.32 CP-induced toxicity in HEK293 cells is a well-known model to study the nephroprotective effects of drugs/natural agents against AKI.33

      The cell viability was assessed in the presence of different concentrations of chicory extract, to establish the cytotoxicity in HEK293 cells (Fig. 2). There was no significant change in the cell viability upto 50 µg/mL of the plant extract. However, the viability % was considerably reduced at 100–500 µg/mL of chicory extract as compared to the untreated control cells (F(7,16) = 14.86, p < 0.01). Based on these results, we used 12.5 and 25 µg/mL as the non-cytotoxic concentrations of chicory extract for further experiments.

      
        
        

        Fig. 2. 
				
        

        
          Cytotoxicity assessment of chicory extract in HEK293 cells. The cells were exposed to different concentrations of chicory extract for 24 h followed by the cell viability assessment using MTT assay. The values are mean ± SD of three independent experiments. **p < 0.01, ***p < 0.001 and ****p < 0.0001 Vs. control.
        
        

        

      

      As shown in Fig. 3A, a 24 h treatment of HEK293 cells with CP (20 µM) caused noticeable changes in cellular morphology such as rounded cell shape and cell shrinkage. Interestingly, these CP-induced changes were markedly reduced in the cells pretreated with chicory extract. We further examined the apoptotic changes in the cells using AO/EB fluorescent staining. The normal cells remained AO-stained with green fluorescence whereas the CP-induced cells showed obvious signs of early and late apoptosis along with necrotic cells. The CP-induced apoptosis was markedly reduced in chicory extract-treated cells (Fig. 3B). We further confirmed the anti-apoptotic effect of chicory extract by examining the CP-induced caspase activation using fluorescence assays. As expected, CP treatment induced 3.02-fold (F(3,8) = 186.5, p < 0.0001) increase in the caspase 3/7 activity relative of control (Fig. 3C). However, the caspase activity was significantly reduced in the cells treated with chicory extract at 12.5 and 25 μg/mL (p < 0.0001). Similarly, the caspase 9 activity of CP-treated cells was markedly increased (F(3,8) = 181.9, p < 0.0001) as compared to the control cells. Pretreatment of the cells with chicory extract at 12.5 (p < 0.05) and 25 μg/mL (p < 0.0001) significantly inhibited the caspase 9 activity in CP-induced cells. These results clearly suggest the possible protective role of chicory extract against CP-induced apoptosis in HEK293 cells.

      
        
        

        Fig. 3. 
				
        

        
          Effect of chicory extract on the cellular morphology in cisplatin-induced HEK293 cells. (A) Representative photomicrographs of cells exposed to 20 μM of cisplatin (CP) in presence or absence of chicory extract (12.5 and 25 μg/mL). (B) Fluorescent images of acridine orange/ethidium bromide stained HEK293 cells following a 24 h exposure to CP (20 μM). Yellow arrows: healthy cells; blue arrows: cells showing late apoptosis. Cells were viewed and images captured using a fluorescent microscope (Lawrence & Mayo). Scale bar: 50 μm. The cell lysates were measured for (C) caspase 3/7 activity and (D) caspase 9 activity using fluorescent substrates. The values are mean ± SD of three independent experiments. ####p < 0.0001 Vs. control. *p <0.05 and ****p < 0.0001 Vs. CP group.
        
        

        

      

      The available literature suggest that AKI is associated with the activation of apoptotic signaling in the cells.34 CP intoxication induces apoptosis by increasing the expression of P53 and proapoptotic Bax while downregulating Bcl-2 protein.35 Hence, in the present study, we have examined the levels of these key apoptotic proteins in the cells following a pretreatment with the non-cytotoxic concentrations of chicory extract. In line with the previous findings, we observed that CP induced the apoptotic changes in the cells. Interestingly, chicory extract could significantly reduce the P53 expression and Bax/Bcl-2 ratio in the CP-exposed cells indicating the strong anti-apoptotic effect. As shown in Fig. 4, CP induced a 1.15-fold increase in the relative expression of P53 (F(3,8) = 11.52, p < 0.01) in the cells, compared to control. Interestingly, the P53 expression was downregulated to a significant extent by chicory extract at 12.5 μg/mL compared to CP-alone treated cells (1.19-fold, p < 0.01). Further analysis of the downstream pro-and anti-apoptotic proteins showed a significant increase in the Bax/Bcl-2 ratio in the CP-induced cells compared to normal cells (F(3,8) = 39.54, p < 0.0001). Pretreatment with chicory extract significantly reduced the Bax/Bcl-2 ratio (p < 0.01), compared to CP-alone treated cells.

      
        
        

        Fig. 4. 
				
        

        
          Effect of chicory extract on caspase-dependent apoptotic pathway in cisplatin-induced HEK293 cells. The cells were pretreated with chicory extract (12.5 and 25 μg/mL) and exposed to CP (20 μM) for 24 h. The cell lysates (20 μg) were analyzed by western blotting. (A) Representative blots showing the expression of apoptosis-related proteins. (B) Quantification of proteins by densitometry analysis (ImageJ software). The values are mean ± SD of three independent experiments. #p < 0.05, ##p < 0.01 and ####p < 0.0001 Vs. control group. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 Vs. CP group.
        
        

        

      

      Further, the CP-induced caspase activation was markedly reduced in the chicory extract-treated cells. The exposure of CP significantly activated the caspase-9 (F(3,8) = 8.69, p < 0.05) and caspase 3 proteins (F(3,8) = 38.56, p < 0.0001) compared to the control cells. Subsequent to caspase activation, it was further observed that CP treatment induced PARP-1 cleavage (F(3,8) = 122.5, p < 0.0001) compared to the control cells. Pretreatment with chicory extract significantly reduced the caspase-9 (p < 0.05) and caspase 3 cleavage (p < 0.01) compared to CP-alone treated cells. Further, the chicory extract significantly reduced the CP-induced PARP-1 cleavage (p < 0.0001). These data provided the first line of evidence that chicory extract was effective in protecting the cells against CP-induced toxicity via suppression of P53-dependent intrinsic apoptotic pathway.

      Further, to investigate the antioxidant effect of the extract, we used H2O2 as a stable source of free radicals inducing oxidative stress in HEK293 cells.36 In addition, H2O2 triggers apoptosis by reducing the mitochondrial membrane potential and increased cytochrome c release and caspase activation.37,38 The cells treated with H2O2 showed obvious signs of stress resulting in the altered cellular morphology compared to the control. Pretreatment with chicory extract protected the cells from H2O2-induced stress (Fig. 5A). Further, the H2O2-induced cellular apoptotic changes were considerably reduced in the cells treated with respective concentrations of chicory extract (Fig. 5B).

      
        
        

        Fig. 5. 
				
        

        
          Effect of chicory extract on the cellular morphology in H2O2-induced HEK293 cells. (A) Representative photomicrographs of cells exposed to 500 μM of H2O2 in presence or absence of chicory extract (12.5 and 25 μg/mL). (B) Fluorescent images of acridine orange/ethidium bromide stained HEK293 cells following a 24 h exposure to 500 μM of H2O2. Yellow arrows: healthy cells; blue arrows: cells showing late apoptosis. Cells were viewed and images captured using a fluorescent microscope (Lawrence & Mayo). Scale bar: 50 μm.
        
        

        

      

      Fig. 6 shows the relative expression of apoptotic proteins in H2O2-induced HEK293 cells. The H2O2-induced cells showed a marked increase in the Bax/Bcl2 ratio compared to the control cells (F(3,8) = 50.18, p < 0.001). Further, there was a significant increase in the relative expression of cleaved caspase 3 (F(3,8) = 33.79, p < 0.001) and caspase 9 (F(3,8) = 62.44, p < 0.01) in the H2O2-induced cells compared to the control. The expression of these marker proteins was noticeably reduced in the chicory extract-treated cells (p < 0.001).

      
        
        

        Fig. 6. 
				
        

        
          Effect of chicory extract on the expression of apoptotic proteins in H2O2-induced HEK293 cells. The cells were pretreated with chicory extract (12.5 and 25 μg/mL) and exposed to H2O2 (500 μM) for 24 h. The cell lysates (20 μg) were analyzed by western blotting. Quantification of proteins by densitometry analysis (ImageJ software). The values are mean ± SD of three independent experiments. #p < 0.05, ##p < 0.01 and ####p < 0.0001 Vs. control group. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 Vs. CP group.
        
        

        

      

      It is well-known that activation of Pi3K/Akt signaling is a crucial survival mechanism to abrogate the oxidative stress and cell injury.39 Accumulating evidence suggest that natural products can play a protective role against pathological manifestations via activation of Pi3K/Akt pathway.40 In agreement with these observations, the cells exposed to the respective concentrations of chicory extract showed a certain increase in the Pi3K/Akt phosphorylation. As shown in Fig. 7, there was a significant downregulation of Akt signaling in the H2O2-induced cells compared to the control (F(3,8) = 269.1, p < 0.0001). Pretreatment with chicory extract at 12.5 µg/mL (p < 0.0001) and 25 µg/mL (p < 0.001) significantly activated the Akt signaling in the cells. Similar trend was observed in the Pi3K expression. However, the data were not significant. These data clearly indicate the anti-apoptotic activity of chicory extract in H2O2-induced cells via activation of Akt/Pi3K signaling.

      
        
        

        Fig. 7. 
				
        

        
          Effect of chicory extract on Akt/Pi3K signaling pathway in H2O2-induced HEK293 cells. The cells were pretreated with chicory extract (12.5 and 25 μg/mL) and exposed to H2O2 (500 μM) for 24 h. The cell lysates (20 μg) were analyzed by western blotting. Quantification of proteins by densitometry analysis (ImageJ software). The values are mean ± SD of three independent experiments. ####p < 0.0001 Vs. control group. ****p < 0.0001 Vs. H2O2 group.
        
        

        

      

      Further, Pi3K/Akt signaling activated the downstream Nrf-2/HO-1 antioxidant signaling pathway in the chicory extract-treated cells (Fig. 8A). treatment of cells with 500 µM H2O2 considerably reduced the expression of Nrf2 (F(3,8) = 65.20, p < 0.001) and HO-1 proteins (F(3,8) = 17.86, p < 0.01), compared to control cells. The antioxidant protein expression was however restored in the cells pretreated with chicory extract. The relative expression of Nrf2 was significantly increased in the chicory extract-treated cells as compared to the H2O2 treated cells (p < 0.0001). Similarly, the extract treatment at 12.5 µg (p < 0.001) and 25 µg/mL (p < 0.01) markedly upregulated the expression of HO-1 protein in the cells. Our findings are in line with the previous reports suggesting an involvement of Nrf-2 activation via Pi3K/Akt signaling as the cell survival mechanism against oxidative stress.41

      
        
        

        Fig. 8. 
				
        

        
          Antioxidant effect of chicory leaf extract in H2O2-induced HEK293 cells. (A) Effect of pretreatment with chicory extract (12.5 and 25 μg/mL) on Nrf2-HO-1 antioxidant pathway in the cells. The cell lysates (20 μg) were analyzed by western blotting and the protein expression was quantified by densitometry analysis (ImageJ software). (B) Quantification of cellular ROS by DCFH-DA assay. The values are mean ± SD of three independent experiments. ##p < 0.01, ###p < 0.001 and ####p < 0.0001 Vs. control group. ****p < 0.0001 Vs. H2O2 group. **p < 0.01, ***p < 0.001 and ****p < 0.0001 Vs. H2O2 group.
        
        

        

      

      The effect of pretreatment of cells with chicory extract on the intracellular ROS generation in H2O2-induced HEK293 cells was determined using the DCFH-DA fluorescent probe (Fig. 8B). As expected, the fluorescent intensity of the H2O2-induced cells was increased significantly compared to the control cells (F(3,8) = 832.9, p < 0.0001), indicating an increment in the intracellular ROS production. However, chicory extract-treated cells showed a concentration-dependent reduction in the ROS level compared to the H2O2-alone treated cells (p < 0.0001).

      Further examination of the antioxidant signaling showed that treatment of cells with 500 µM H2O2 considerably reduced the expression of Nrf2 (F(3,8) = 65.20, p < 0.001) and HO-1 proteins (F(3,8) = 17.86, p < 0.01), compared to control cells. The antioxidant protein expression was however restored in the cells pretreated with chicory extract. The relative expression of Nrf2 was significantly increased in the chicory extract-treated cells as compared to the H2O2 treated cells (p < 0.0001). Similarly, the extract treatment at 12.5 µg (p < 0.001) and 25 µg/mL (p < 0.01) markedly upregulated the expression of HO-1 protein in the cells.

      In the present study we examined the in vitro antioxidant activity of chicory extract. As shown in Fig. 9, chicory extract showed a concentration-dependent moderate antioxidant activity with the IC50 values of 708.7 µg/mL, 47.87 µg/mL, 228.8 µg/mL and 781.1 µg/mL respectively for DPPH, ABTS, nitric oxide and hydroxyl radical scavenging. The reference compound ascorbic acid showed profound inhibition of DPPH (IC50 = 18.13 µg/mL) and ABTS radicals (53.18 µg/mL). The reference standard curcumin inhibited the NO radical formation with the IC50 value of 72.02 µg/mL while mannitol showed a hydroxyl radical scavenging activity at an IC50 of 967.3 µg/mL.

      
        
        

        Fig. 9. 
				
        

        
          Determination of in vitro free radical scavenging activity of chicory leaf extract. The experiment was performed in triplicates and the IC50 was calculated using non-linear regression analysis.
        
        

        

      

      
        
        

        Fig. 10. 
				
        

        
          Determination of oxygen radical absorbance capacity (ORAC) of chicory leaf extract. The fluorescence decay curves of fluorescein in the presence of different concentrations of (A) Ascorbic acid and (B) chicory leaf extract.
        
        

        

      

      Further, the antioxidant potential of chicory extract was confirmed by the peroxyl radical scavenging activity. The ORAC value of the extract was found to be 2100 ± 90.15 µM TE/g while it was 2379 ± 112.1 µM TE/g for the reference compound ascorbic acid.

      In the present study, the observed effects of chicory leaf extract could be attributed to the presence of bioactive constituents such as phenolic acids, flavonoids and sterols. The extract has a standardized content of chicoric acid, an effective natural antioxidant with reported pharmacological activities.42,43 Experimental data from previous studies have highlighted the nephroprotective properties of chicoric acid. Abd El-Twab et al. reported that chicoric acid ameliorated the methotrexate-induced AKI in rats through the activation of Nrf-2/ARE/HO-1 signaling and down-regulation of NLRP3 inflammasome signaling.44 In a recent study, chicoric acid has been reported to attenuate the renal tubular injury in high fat diet-induced CKD mice.45	Based on the previous literature it can be speculated that chicoric acid with other bioactive components in the chicory extract could synergistically contribute to the observed cytoprotective effects in HEK293 cells.

      In conclusion, the present study demonstrated that chicory leaf extract with a standardized content of chicoric acid could significantly subside the apoptosis in HEK293 cells. Also, the plant extract effectively abrogates the oxidative stress in the cells via activation of Pi3K/AKT/Nrf-2/HO-1 signaling. These findings strongly suggest the possible nephroprotective role of chicory extract. However, to recommend its candidature as a functional ingredient it is important to evaluate the efficacy using the preclinical models of nephrotoxicity and further validate the claims in humans.
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