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					ABSTRACT  

					ARTICLE INFO  

					Citrus species are well-known for their applications in medicine and cosmetics. Citrus aurantium  

					is a promising natural source of biologically active constituents such as phenolics and flavonoids.  

					Water, ethanol, and ethyl acetate extracts, prepared from the fruit peels of C. aurantium, were  

					phytochemically and biologically evaluated. Total phenol content (TPC) was determined by the  

					Folin-Ciocalteu method and total flavonoid content (TFC) by the aluminum chloride (AlCl3)  

					colorimetric method. The micro-titer plate dilution method was applied to determine the minimal  

					inhibitory concentration (MIC) and cell viability was assessed utilizing MTT. Ethyl acetate extract  

					exerted the highest TPC and TFC (110.8 mg and 52.1 mg, respectively). Tested cancer cell lines  

					and microorganisms showed high sensitivity to the ethyl acetate extract. Liquid Chromatography-  

					Mass Spectrometry (LC-MS) of this extract revealed the presence of naringin, eriodictyol-7-  

					neohesperidoside and hesperidin as the major constituents. Ethanol and ethyl acetate extracts  

					showed also potent antioxidant capacity against DPPH radicals with respective IC50 values of  

					102.21 µg/mL and 110.89 µg/mL. The findings demonstrated that ethyl acetate extract of the peels  

					of C. aurantium, grown in Jordan, possesses substantial antioxidant, anticancer and antimicrobial  

					activities.  
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					literature.7-10 Due to the abundance of valuable secondary metabolites,  

					Introduction  

					C. aurantium is utilized for the treatment of numerous illnesses such as  

					Medicinal and aromatic plants have played a remarkable role  

					in new drug discovery, either in the form of their standardized crude  

					extracts or in the form of their isolated and identified pure entities.1  

					Many plant species, such as fruits, vegetables and spices with their  

					natural bioactive compounds have long been explored for their cancer  

					preventive and cancer treatment propensities due to their availability  

					and limited or no side effects.1 The dietary adjustment was suggested to  

					contribute to almost 50% of all cancer prevention while particular diet  

					choices could provide an ideal environment for cancer development.2  

					Citrus aurantium L. (Rutaceae), an evergreen tree commonly known as  

					‘bitter orange’ or ‘sour orange’, is cultivated in many countries such as  

					in Spain, Italy and United States. However, the species is native to  

					southeastern Asia. The most common biologically active flavonoids of  

					this species are quercetin, kaempferol, luteolin, hesperidin and  

					naringenin.3,4 Also, coumarins, limonoids and biogenic amines were  

					isolated from C. aurantium.5,6 The fruit peel is rich in essential oils.  

					Limonene, a monoterpene, is one of the identified and reported major  

					volatile constituents. A big variety of flavonoids, as aglycons or as  

					glycosides, were identified. C. aurantium is usually used as a food  

					flavoring agent.6  

					anxiety, some types of cancers, gastrointestinal disorders and obesity.11-  

					17 Furthermore, C. aurantium extract appeared to have alcohol-induced  

					liver injury protective ability by Nrf2 and AMPK-related signal  

					regulation.18  

					The present study aimed to investigate the bioactivity and therapeutic  

					potential of the peel extracts of C. aurantium grown in Jordan. This was  

					achieved by utilizing different solvents in the preparation of the  

					extracts. For the qualitative and quantitative determination of the  

					phytochemical profile of the C. aurantium extract, liquid  

					chromatography-mass spectrometry (LC-MS) was employed. Similar  

					to gas chromatography-mass spectrometry (GC-MS), this technique is  

					considered, nowadays, as an indispensable analytical method in the  

					identification and quantification of secondary metabolites of plant  

					species. This analytical method, known for its superior separation  

					capabilities and high sensitivity, can lead to the characterization of  

					bioactive compounds of medicinal plants used in different civilizations  

					19,20  

					for their therapeutic viabilities  

					Inspired by the numerous  

					publications on the anticancer and antimicrobial activities reported for  

					the flowers, fruits and essential oil of this species, the investigations of  

					the present study continued in the determination of antioxidant,  

					antiproliferative and antimicrobial activities of C. aurantium peel  

					extract.7-10 To the best of our knowledge, the present study is the first  

					investigation of C. aurantium peels collected from the Mediterranean  

					biogeographic zone of Jordan.  

					The pharmacological properties of different organs of C. aurantium  

					including flowers, fruits and essential oil have been reported in the  
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					Materials and Methods  

					Plant samples and preparation  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					University of Benin, Benin City, Nigeria  

					Fresh fruits of C. aurantium L. (Rutaceae) were purchased from a local  

					plant nursery (Shafa Badran, Amman, Jordan; 32°02'40.7"N,  
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					35°54'29.9"E) in May 2022. The plant material was authenticated using  

					Antimicrobial assay  

					descriptive references.21,22 Voucher specimens were kept in the  

					Department of Pharmaceutical Chemistry and Pharmacognosy,  

					Faculty of Pharmacy, Applied Science Private University (FMJ-  

					RUTA-CA-P1). Each 10 g fresh peel was extracted with distilled  

					water, ethanol 70% and ethyl acetate (1:10 w/v) separately, by gently  

					heating up to the boiling point. Then, the extracts were kept overnight  

					Different C. aurantium extracts (100 mg) were dissolved in (40 µL) 1%  

					dimethyl sulphoxide (DMSO) and Oxoid Nutrient Broth was added up  

					to l mL and assessed for their antibacterial and antifungal activities. The  

					bacterial strains used in this study were gram-negative bacteria  

					(Escherichia coli (ATCC®14169™) and Pseudomonas aeruginosa  

					(ATCC®27853™)),  

					gram-positive  

					bacteria  

					(Staphylococcus  

					o

					at room temperature (25 C) and filtrated the day after. Solvents were  

					epidermidis (ATCC®12228™) and S. aureus (ATCC®25923™)) in  

					addition to yeast Candida albicans (ATCC®90028™). The micro-titer  

					plate dilution method was applied to establish the minimal inhibitory  

					concentration (MIC).28 Gentamycin and amphotericin B were used as  

					positive controls. Both positive controls were prepared at  

					concentrations of (7.8-1000 μg/mL).  

					evaporated using rotary evaporator (VV 2000 Heidolph, Germany) at  

					40 oC until dryness.  

					Total Phenol Content (TPC) and Total Flavonoid Content (TFC)  

					The total phenol content (TPC) of the C. aurantium extracts was  

					determined according to the Folin-Ciocalteu (F-C) procedure as  

					reported in the literature.23 Gallic acid (GA) (Sigma Aldrich, USA) was  

					used as the standard in serial dilutions (100 μg/mL, 50 μg/mL, 25  

					μg/mL, 12.5 μg/mL, and 6.125 μg/mL). Extracts were used in  

					concentrations of 1 mg/mL. Results were represented as mg GAE/g dry  

					weight of extracts.  

					Liquid Chromatography-Mass Spectrometry (LC-MS)  

					Chromatographic evaluation of the ethyl acetate extract was done as  

					described by Mterin et al. using a Bruker Daltonik Impact II ESI-Q-  

					TOF System with a Bruker Daltonik Elute UPLC system (Bremen,  

					Germany).29  

					Aluminum chloride (AlCl3) colorimetric method was used to determine  

					the total flavonoid content (TFC) of the extracts as described by  

					Ebrahimi and Rastegar, with slight modifications.24 Half mL of 1  

					mg/mL extract was added to 100 µL of 10% AlCl3 (Scharlau, Spain)  

					and mixed. Afterwards, 100 µL of 1 M sodium acetate (JHD, China)  

					and 2.8 mL distilled water were added to the mixture. The absorbance  

					for the resulting solution was measured at 415 nm. Rutin (Alpha Acer,  

					Germany) was used as the standard in serial dilutions (100 μg/mL, 50  

					μg/mL, 25 μg/mL, 12.5 μg/mL, and 6.125 μg/mL. The TFC of extracts  

					was expressed as mg rutin equivalent/gm (RE) of the extract.  

					Statistical analysis  

					Data from independent trials were introduced as the mean ± SEM  

					(Standard Error of Mean) obtained by utilizing the SPSS statistical  

					package version (version 21). SPSS one-way Analysis of Variance  

					(ANOVA) test was used to determine the statistical significance  

					between the groups. IC50 was estimated by applying non-linear  

					regression analysis. The significant P-value was (˂ 0.05).  

					Results and Discussion  

					Antioxidant activity  

					To assess the radical scavenging activity of the extracts, 2,2-diphenyl-  

					1-picrylhydrazyl (DPPH) radical test was employed according to the  

					procedure described by Okafor et al.25 DPPH (Sigma Aldrich, USA)  

					solution 0.004% (w/v) was used as the standard. Serial dilutions were  

					performed to prepare solutions in different concentrations (400 µg/mL,  

					200 µg/mL, 100 µg/mL, 50 μg/mL, 25 µg/mL, 12.5 µg/mL, 6.25  

					µg/mL, 3.12 µg/mL, 1.56 µg/mL, 0.78 µg/mL, 0.39 µg/mL, 0.19  

					µg/mL). The percentage of inhibition activity was estimated using the  

					following equation (Equation 1)25:  

					In the present study C. aurantium peel was extracted using water,  

					ethanol and ethyl acetate as solvents and the obtained extracts were  

					quantified after complete evaporation of the solvents. Afterwards, all  

					three extracts were submitted to biological evaluation to estimate their  

					antiproliferative and antimicrobial potential. The phytochemical  

					composition of the biologically most potent extract was determined  

					using LC-MS.  

					The highest percentage yield of C. aurantium peel extract was obtained  

					from the water extract (19.8%). Ethanol and ethyl acetate extracts  

					yielded 14.34% and 3.22%, respectively. The TPCs and TFCs were also  

					determined for the different extracts in addition to the evaluation of their  

					antioxidant potentials (Table 1). The highest total phenol and total  

					flavonoid contents were obtained for the ethyl acetate extract (Table 1).  

					These high TPC (110.8 mg GAE/g) and TFC (52.1 mg RE/g) values for  

					the ethyl acetate extract obtained in the present study agree with the  

					literature data.30 Standard curves for the phenolics and flavonoids are  

					given in Figure 1. Also, estimation curves for the antioxidant activity of  

					the ascorbic acid standard and of the three prepared extracts are given  

					in Figure 2. Studies showed that the peels of bitter orange contain higher  

					amounts of phenolic compounds-including flavonoids-than in the fruit  

					itself.31,32 Accordingly, the potential use of C. aurantium peel as a  

					source of antioxidant agents in the food and medical industries was  

					suggested.6,33 Researchers from Algeria also revealed high antioxidant  

					activity in the peels of different C. aurantium species.34,35  

					(

					)

					퐴표 − 퐴 ∗  

					퐸푞푢푎푡푖표푛 1: %퐼 =  

					푥 100  

					퐴표  

					Where Ao represents the absorbance of the control, and A* represents  

					the absorbance of the extract or the standard solution. Calculation of  

					IC50 was done by plotting the % inhibition against the concentration.  

					Cell lines and cell culture conditions  

					In this study, two breast- (T47D and MDA-MB231), one cervical-  

					(HeLa), one colorectal adenocarcinoma- (Caco-2) and one prostate  

					cancer (PC3) cell lines were used. Human Gingival Fibroblast (HGF)  

					was used as a normal cell line. All cell lines were obtained from The  

					European Collection of Cell Cultures, Salisbury, UK. The cells were  

					cultured and treated as described and reported earlier.26  

					Liquid Chromatography-Mass Spectrometry (LC-MS) analysis  

					The phytochemical composition of the ethyl acetate extract was  

					determined by LC-MS based on the potent antiproliferative and  

					antimicrobial activities of this extract as well as its high TPC, TFC and  

					antioxidant values (Figures 3 and 4). The analysis revealed the presence  

					of thirteen compounds with naringin as the major constituent (65.15%),  

					followed by eriodictyol-7-neohesperidoside (17.26%) and hesperidin  

					(12.18%). The molecular formula, molecular weight, retention times  

					and the percentages of the identified compounds are given in Table 2.  

					The identification of high percentage of phenolics, especially of  

					flavonoids (naringin, eriodictyol-7-neohesperidoside and hesperidin),  

					in the LC-MS analysis supports the high TPC and TFC values obtained  

					for this extract.  

					Cytotoxicity and antiproliferative activity assay  

					Cell viability was assessed utilizing MTT [3-(4,5-Dimethylthiazol-2-  

					yl)-2,5-diphenyltetrazolium bromide)] assay kit (Bioworld, UK)  

					according to the procedure in literature.27 The cells were treated with a  

					serial dilution of each extract (5-0.015 mg/mL), followed by 10 µL of  

					the addition of MTT solution. Microsoft Excel software was employed  

					to estimate the percentage of survival cells and calculate the IC50 values,  

					where OD is optical density as presented in equation 2.27  

					퐸푞푢푎푡푖표푛 2: 푃푒푟푐푒푛푡푎푔푒 표푓 퐶푒푙푙 푉푖푎푏푖푙푖푡푦 (%)  

					(푂퐷 표푓 푡푟푒푎푡푒푑 푐푒푙푙)  

					=

					푥 100  

					(푂퐷 표푓 푐표푛푡푟표푙 푐푒푙푙)  

					The major compound of the ethyl acetate extract, namely naringin, has  

					remarkable pharmacological activities including anti-inflammatory and  

					8765  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, October 2024; 8(10):8764 - 8773  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					anti-cancer activities. Naringin has been shown to exert promising  

					therapeutic efficiency in metabolic syndrome, oxidative stress, CNS  

					diseases and bone regeneration.36-42 Eriodictyol, the aglycon of the  

					second major detected component eriodictyol-7-neohesperidoside  

					(neoeriocitrin), has protective antioxidant and anti-inflammatory  

					properties against oxidative stress as well as possessing anti-diabetic  

					activities.43-47 In addition, immunomodulatory activities of eriodictyol  

					(such as phosphorylation of mitogen-activated protein kinase (MAPK)  

					or production of pro-inflammatory cytokines) indicate its promising  

					therapeutic use as a cancer protective agent.48,49  

					antimicrobial, antioxidant, anti-inflammatory and antiproliferative  

					activities.50-52 Our findings are in concordance with these published  

					data.  

					Previous reports suggested that the Mediterranean diet, which includes  

					plentiful amounts of citrus species, was associated with lower breast-,  

					lung-, colon-, prostate- and cervical cancer incidences.14,53 Several  

					studies provide evidence for the anticancer properties of the secondary  

					metabolites of C. aurantium.16,54,55 Cholestatic liver fibrosis-induced  

					mice treated with C. aurantium peel extract showed anti-apoptotic and  

					anti-inflammatory properties. Ethyl acetate extract of this plant was  

					investigated on HT-29 colon cancer cells. The result suggested  

					promising outcomes such as cancer cell cycle arrest.56  

					Hesperidin, detected as the third major flavanone in C. aurantium ethyl  

					acetate extract, possesses a wide range of pharmacological activities  

					such as antiatherosclerosis, neuro-protective, antiallergic, antiviral,  

					Table 1: TPC, TFC and antioxidant activity of C. aurantium peel extracts. Data are shown as an average of triplicates ±SD, n=3.  

					Extract  

					Phenolics (mg/g)*  

					Flavonoids (mg/g)**  

					Antioxidant (µg /mL)***  

					Water  

					40.55±0.19  

					20.39±0.20  

					162.23± 10.99  

					Ethanol  

					75.03±0.74  

					110.82±0.37  

					-

					23.72±0.60  

					52.06±0.79  

					-

					102.21±21.61  

					110.89±15.05  

					2.78± 0.12  

					Ethyl acetate  

					Ascorbic acid  

					*Total phenolic contents (mg GAE/g of extract); **Total flavonoid contents (mg RE/g of extract), ***IC50’s compared to the IC50 of the reference  

					ascorbic acid.  

					Table 2: LC-MS analysis of C. aurantium ethyl acetate extract.  

					Molecular  

					Formula  

					C4H6O4  

					Molecular  

					Weight  

					118.03  

					Retention Time  

					[min]  

					% of the Identified  

					Compounds  

					0.54  

					Name  

					Succinic acid  

					Chlorogenic acid  

					Syringic acid  

					Scopoletin  

					0.96  

					C16H18O9  

					C9H10O5  

					C10H8O4  

					C27H32O15  

					C15H12O6  

					C28H32O15  

					C27H30O15  

					C7H6O2  

					354.09  

					198.05  

					192.04  

					596.17  

					288.06  

					608.17  

					594.16  

					122.04  

					580.18  

					176.05  

					610.19  

					228.08  

					2.87  

					3.1  

					0.12  

					0.07  

					4.95  

					5.73  

					5.73  

					6

					0.25  

					Eriodictyol-7-neohesperidoside  

					6,7,3',4'-Tetrahydroxyflavanone  

					Diosmin  

					17.26  

					2.63  

					0.09  

					3-O-Neohesperidoside Kaempferol  

					Benzoic acid  

					6.05  

					6.3  

					0.09  

					0.08  

					Naringin  

					C27H32O14  

					C10H8O3  

					C28H34O15  

					C14H12O3  

					6.61  

					6.86  

					7.24  

					7.55  

					65.15  

					0.074  

					12.18  

					1.46  

					4-Methylumbelliferone  

					Hesperidin  

					Resveratrol  

					Figure 1: Standard curves for phenolics (A) and flavonoids (B).  
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					Figure 2: Estimation curves for the antioxidant activities of: ascorbic acid standard (A), aqueous extract (B), ethanol extract (C), ethyl  

					acetate extract (D)  

					Figure 3: LC-MS results of the ethyl acetate extract  

					In vitro antiproliferative activity assay  

					sources of the anti-cancer effect. Naringin has suppressing and blocking  

					abilities on cancerous cells and displayed antiproliferative and  

					apoptotic-inducing effects in tumor cells; breast-, human cervical- and  

					bladder cancer cells. In triple-negative breast cancer (TNBC) cells,  

					naringin-induced G1-phase cell cycle arrest. In addition, naringin  

					caused a significant decrease in breast cancer cell growth and improved  

					survival by increasing the p21 level through β-catenin pathway  

					inhibition.57 Naringin also demonstrated apoptotic cell death in human  

					cervical cancer cells alongside DNA fragmentation and generating  

					morphological changes. It increased the expression of many death  

					receptors such as caspases, p53, Bax and Fas.58 Another study revealed  

					that naringin might act as an anti-migration agent in chondrosarcoma  

					by enhancing the expression of miR-126.39 Another example of  

					naringins’ capabilities as an anticancer agent is its suggested potential  

					to modulate gene expression. Naringin was found to cause DNA  

					The effects of the three C. aurantium extracts on the proliferation of the  

					used cell lines are shown in Table 3 and Figure 5. Ethyl acetate extract  

					revealed promising cytotoxic activity against all used cancer cell lines  

					and especially against Caco-2 and PC3 cell lines with IC50 values of  

					0.58 mg/mL and 0.57 mg/mL, respectively. This extract also showed  

					considerable activity against T47D, MDA-MB231 and HeLa cell lines.  

					Ethanol extract showed some activity against PC3 cell lines and weak  

					activity against the remaining cell lines. The water extract was inactive  

					against all the investigated cell lines.  

					On the other hand, C. aurantium water, ethanol and ethyl acetate  

					extracts did not exhibit any toxicity to normal Human Gingival  

					Fibroblast (HGF) cells (Figure 6).  

					In the present study, ethyl acetate extract exhibited potent  

					antiproliferative activity against all tested cell lines. Naringin,  

					eriodictyol-7-neohesperidoside and hesperidin are probably the main  
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					hypomethylation in a prostate cancer cell line and induced G1 arrest of  

					bladder cancer cells by upregulation of p21.59,60  

					respectively (Table 4). Previous investigations with C. aurantium  

					extracts showed potent antimicrobial activity.69,70 To the best of our  

					knowledge, the present study is the first to examine C. aurantium peel  

					extracts antimicrobial activities. Different detected phenolic  

					compounds are responsible for this activity.  

					Zhang et al. demonstrated the potent anticancer effect of eriodictyol  

					against A549 based on multiple activities of this flavonoid.61 Also,  

					eriodictyol induced apoptosis of Glioma cells via PI3K/Akt/NF-κB  

					signaling pathway.62 Luo et al. identified neoeriocitrin as one of the  

					flavonoids in the C. aurantium fruit extract and showed the extracts’  

					efficacy by inhibiting the proliferation of HepG2 cells by blocking the  

					rate-limiting enzymes in the glycolysis.63  

					Hesperidin has anti-cancer therapeutic effects due to its anti-  

					inflammatory and antioxidant properties.64 It has an inhibition ability  

					on the xanthine oxidase (XO) enzyme, which is crucial in pathological  

					conditions such as cancer since it is associated with the purine  

					catabolism pathway.65 Al-Rikabi et al. reported that hesperidin reduces  

					breast cancer cell proliferation and colony formation while increasing  

					nuclear condensation and apoptosis.66 The same study revealed its anti-  

					inflammatory effect in mice by reducing IL-33 and TNF-α following  

					lipopolysaccharide (LPS) stimulation. The study suggested that  

					hesperidin has a promising future in cancer treatment in addition to anti-  

					inflammatory activities. Many preclinical studies suggested its role  

					against malignant developments through various pathways affecting the  

					cellular signaling altering tumor cell mechanisms such as survival,  

					division and cell death.67,68  

					Naringin had antimicrobial properties against gram-positive, gram-  

					negative bacteria and fungi. In a previous study, naringin was used as  

					an element of titanium implant coating and the controlled release of  

					naringin provided protection against S. aureus.71 Also, encapsulated  

					naringin in gold nanoparticles revealed 21.98 µg/mL MIC against  

					Bacillus subtilis, where the pure naringin showed MIC of 68.43  

					µg/mL.72 On the other hand, many studies showed low levels of  

					detectable gram-negative bacterial inhibitory ability for naringin.73,74  

					Different properties of naringin such as reducing the biofilm formation,  

					toxin production and inhibiting the growth of classic resistant bacteria  

					(MRSA) made it a potential therapeutic agent.75 Similarly, hesperidin  

					showed MIC against Proteus mirabilis and S. aureus 12 times lower  

					than chloramphenicol.76,77 Another investigation established  

					antibacterial effects against Gram-positive and Gram-negative bacteria  

					for naringin and hesperidin found in grapefruit ethanol extract.78  

					Naringin exhibited significant antifungal activity against C.  

					albicans, C. parapsilosis, Trichosporon beigelii, Trichophyton rubrum  

					and other species of fungi.79 The present study could suggest that  

					naringins’ antifungal activity is due to the apoptosis process, mediated  

					by mitochondrial dysfunction, although the exact mechanism is not  

					clear.79 Hesperidin, on the other hand, displayed a range of antifungal  

					effects on species such as Aspergillus parasiticus, A. flavus, Fusarium  

					semitectum and Penicillium expansum.71,80 However, no remarkable  

					activity was discovered against C. albicans. Indeed, recent studies  

					focused on enhancing hesperidin antimicrobial properties based on  

					several methods such as β-cyclodextrin and metal complexations or  

					biotransformation.81-83  

					Antimicrobial assay  

					Water and ethanol extracts lacked antimicrobial activity against the  

					tested microbial species while ethyl acetate extract exerted antibacterial  

					activity against E. coli, P. aeruginosa, S. aureus and S. epidermidis. The  

					calculated MICs were 12.5 mg/mL for each of them. On the other hand,  

					ethanol and ethyl acetate extracts exerted potent antifungal effect  

					against C. albicans with MIC values of 6.25 and 3.15 mg/mL,  

					Figure 4: Compounds identified in the ethyl acetate extract by LC-MS: A; Succinic acid, B; Eriodictyol-7-neohesperidoside, C;  

					6,7,3',4'-Tetrahydroxyflavanone, D; Diosmin, E; 3-O-Neohesperidoside Kaempferol, F; Scopoletin, G; Naringin, H; Hesperidin, I;  

					Resveratrol.  
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					Table 3: Effect of the C. aurantium extracts on the proliferation of selected cancer cell lines and on the normal Fibroblast cell line with  

					their IC50 values (mg/mL) as mean ± SEM, n=3  

					Extracts  

					T47D  

					MDA-MB231  

					HeLa  

					Caco-2  

					PC3  

					Fibroblast  

					Water  

					4.87±0.5  

					>5  

					>5  

					>5  

					>5  

					>5  

					Ethanol  

					1.82±0.17  

					0.6±0.08  

					4.9±0.8  

					2.98±0.04  

					0.79±0.05  

					3.6±0.14  

					0.58±0.2  

					1.07±0.09  

					0.57±0.16  

					>5  

					>5  

					Ethyl acetate  

					0.62±0.1  

					Table 4: Minimum inhibitory concentration (MIC) of C. aurantium extracts against various microorganisms in mg/mL, (n=3). (NA =  

					No Activity).  

					C. aurantium extracts  

					Positive control  

					Gentamicin & Amphotericin B*  

					0.11 ±0.02  

					The tested microorganism  

					E. coli  

					Water  

					NA  

					Ethanol  

					Ethyl acetate  

					NA  

					12.5  

					S. epidermidis  

					P. aeruginosa  

					S. aureus  

					NA  

					NA  

					NA  

					NA  

					NA  

					NA  

					NA  

					6.25  

					25  

					0.01±0.03  

					0.062±0.008  

					0.15 ± 0.06  

					0.76± 0.007*  

					12.5  

					12.5  

					3.15  

					C. albicans  

					Figure 5: The antiproliferative activity of C. aurantium extracts against: (A) T47D, (B) MDA-MB231, (C) HeLa, (D) Caco-2, (E) PC3  

					cancer cell lines. Results are displayed as means of 3 independent experiments ± S  
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					Figure 6: The cytotoxic activity of C. aurantium extracts against Human Gingival Fibroblast (HGF) cell line. Results are displayed as  

					means of 3 independent experiments ± SEM.  

					macrophage RAW 264.7 cells by blocking of nuclear factor-  

					kappa B (NF-κB) and mitogen-activated protein kinase  

					(MAPK) signalling pathways. Food Chem. 2011;129: 1721-  

					1728.  

					Conclusion  

					The present study demonstrated that ethyl acetate extract of C.  

					aurantium peels obtained from plants grown in Jordan is a rich source  

					of biologically active components. Ethyl acetate peel extract is rich in  

					compounds such as naringin, eriodictyol-7-neohesperidoside and  

					hesperidin. This extract was shown to have antioxidant,  

					antiproliferative and antimicrobial activities. Moreover, other minor  

					detected components may have contributed to these effects through  

					synergistic or additive effects. However, further studies are needed to  

					confirm the valuable properties of this species by isolation of the  

					beneficial components and evaluation of their possible synergy. The  

					present study can be further expanded through in vivo experiments. In  

					conclusion, the pharmacological activities observed in the present study  

					with the C. aurantium peel extracts may lead to the development of  

					novel natural drugs with possible prophylactic or therapeutic activities.  
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