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Abstract

:

Over the past few years, research studies on the therapeutic benefits of medicinal plants with potent antioxidant activity and few side effects have grown significantly. This has sparked interest in determining whether naturally occurring antioxidants could take the place of synthetic antioxidants, which are currently being constricted because of their toxic and carcinogenic properties. The identification and quantification of phytochemicals in the methanolic extract of Kigelia pinnata fruits was measured using gas chromatography–mass spectrometry (GC-MS) and ultra-high-performance liquid chromatography–mass spectrometry (UPLC-MS/MS) techniques. Additionally, the methanolic extract of fruits was used to determine antioxidant activity. Free radical-scavenging (DPPH) and ferric ion-reducing antioxidant power were measured using spectrophotometry, and total antioxidant capacity (TAC) was compared with two common antioxidants, vitamin C and α-tocopherol. Moreover, mature fruits have high DDPH, ferric ion-reducing antioxidant power and total antioxidant capacity. Furthermore, mature fruits have high levels of total phenolic, flavonoid, and tannin content; these compounds are thought to be the sources of the antioxidant activity. The major constituents of the methanolic extracts from the mature fruits of K. pinnata were found to be larixinic acid, 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (DMDP), and 5-Hydrxoymethylfurfural. We performed the elemental analysis of the whole fruit. Huh-7 (liver cancer), PANC-1 (pancreatic cancer), Colo-205 (colorectal cancer), HT-29 (colorectal cancer), SNU-16 (gastric carcinoma), SW620 (colorectal adenocarcinoma) and HCT116 (colon carcinoma) were tested in vitro for anticancer activity. Both methanolic and ethyl acetate extracts of mature fruits had a positive effect on all cancer cell lines as compared to the doxorubicin drug. In addition, the methanolic extracts of mature fruits showed more potent cytotoxic effects than the ethyl acetate extracts. Moreover, the most pronounced cytotoxic effects of the methanolic extract were detected in SW620 (colorectal adenocarcinoma), with an IC50 value of 6.79 μg/mL, SNU-16 (gastric carcinoma), with and IC50 value of 8.69 μg/ ml, and in PANC-1 (pancreatic cancer) with an IC50 value of 10.34 μg/mL. Moreover, the results show that the water, ethyl acetate and methanolic extracts of mature fruits have antioxidant capacity, ferric ion-reducing antioxidant power, DPPH scavenging activity and also anticancer activity. Therefore, the present study suggests that the phytochemical profiles of mature fruits of K. pinnata may be used as potential natural antioxidants and anti-cancer cell lines.
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1. Introduction


Humans develop both knowledge and technologies. They produce a wide variety of substances to improve their quality of life. Some of these substances, such as drugs or pesticides, harm both consumers and the environment. To address issues related to health and the environment, researchers have focused on using natural alternatives, such as plant extracts and medicinal plants [1]. Plant extracts have the advantage of being biologically derived, biodegradable, and having a positive impact on both the environment and human health [2]. People have been known to treat illnesses with plant extracts since ancient times. The earliest apothecaries were used by the Egyptians, Chinese, and Indians, but they first appeared in Mesopotamian civilizations, particularly the Babylonian (4000–5000 BC) [3]. Antimicrobial, anticancer, or antioxidant activities are considered among the benefits of medicinal plants, vegetables, and fruits [4,5]. Although the human body has an antioxidant defense system, it frequently is not enough to stop all of the daily attacks that the body faces. In order to maintain a balance between oxidants and antioxidants in the body, typically, substances acting on reactive oxygen species are used in the form of food supplements. However, due to their toxicity and cancer-causing properties, the use of some synthetic antioxidants has recently been restricted [1]. Therefore, alternative medicine has been employed, including using fruit and herbal plant extracts as natural antioxidants. More research is being done on these traits by the scientific community. Studies have shown that some medicinal plants are greater sources of natural antioxidants than some fruits and vegetables [6,7]. Consuming antioxidant-rich foods, such as fruits and vegetables and medicinal herbs and plants, can improve human health and nutritional status [8]. This is based on the theory that good nutrition may protect against some chronic diseases that are common in society [8,9]. A significant hurdle to the rise in life expectancy in the twenty-first century is cancer, which is among the world’s most prevalent causes of death [10,11]. According to recent statistics based on GLOBOCAN, there were 19.3 million new cancer cases reported globally in 2020. This led to at least 10 million cancer-related deaths [12]. Breast cancer had the highest incidence during this time, with 2.3 million new cases (11.7%). Other cancers appeared in the following order: lung cancer (11.4%), colorectal cancer (10.0%), stomach cancer (5.6%), and prostate cancer (7.3%). However, lung cancer accounted for about 18% (1.8 million) of all cancer-related deaths, making it the most common cause of death. Breast cancer (6.9%), stomach cancer (7.7%), liver cancer (8.3%), and colorectal cancer (9.4%) were all significant contributors to estimated cancer fatalities [12]. The consumption of contaminated foods containing mycotoxin and heavy metals, genetic factors, and the residential combustion of raw solid fuels such as dung, wood, charcoal, or agricultural wastes, are the primary causes of the global increase in cancer cases [13,14]. More than 80% of people in developing nations receive their care primarily through traditional medicine, according to the World Health Organization [13]. Plants have been used for thousands of years to produce anticancer agents, which are now used in clinical situations to treat various cancers. Anticancer drugs and compounds were discovered as a result of in-depth research into cytotoxic compounds found in plants that were traditionally used in conventional cancer phytotherapy [15,16].



K. africana (Lam.) Benth. Synonym K. pinnata (Jacq.) DC. is a tropical African plant that is widely cultivated or dispersed in South, Central, or West Africa, and that is classified as a medicinal plant. It belongs to the Bignoniaceae family and is referred to as the sausage tree because of its enormous fruit [17]. The tree is deciduous where there is a long dry season but evergreen where there is year-round rainfall. It is a tree that can reach a height of 20 m or higher. The bark is 6 mm thick on branches that are 15 cm long, grey, smooth, and peeling on older trees. Its wood is light brown or golden [17]. The fruit is a woody berry that can reach lengths of 30 to 100 cm and a width of up to 18 cm. It weighs between 5 and 10 kg and hangs from long peduncles that resemble ropes [18]. The fruit is indehiscent, has a woody wall, and its surface is heavily marked with lenticels. When fully grown, it has many grey-brown seeds. The seeds are obovoid, about 10 mm × 7 mm, and have a leathery testa that is encased in fibrous pulp [19]. The tree has in past centuries been used medicinally to treat a variety of skin conditions, including eczema, fungal infections, psoriasis, or boils, as well as more severe issues such as impetigo, syphilis, leprosy, or skin cancer [18]. The powdered mature fruit can also be used to treat conditions such as dysentery, malaria, diabetes, pneumonia, worm infestations, convulsions, venereal diseases, toothaches, or as a snakebite antidote [18].



The fruit is said to have potent purgative characteristics. Immature and unripe fruit are said to be extremely poisonous if consumed orally [18]. The fruit is thought to be a cure-all for almost all gynecological issues [20]. Additionally, internal uses of the mature fruit pulp include the treatment of toothaches, ringworm, tapeworm, postpartum hemorrhage, malaria, diabetes, dysentery, and pneumonia [21]. The most commonly applied plant part in indigenous medicinal preparations is the fruit, which is followed by stems, bark, roots, and leaves [22,23]. Fruit extracts significantly reduce the viability of mouse tumor cells. Bark and fruit extracts have only displayed sporadic effectiveness against melanotic cell lines [24]. Less cytotoxicity was achieved when using dried fruit than fresh fruit, suggesting that the active ingredients may be thermolabile. Some extracts of the bark, wood, fruits, or roots contain naphthoquinones like lapachol and isopinnatal, which have anticancer properties against melanoma cell lines [25]. Various parts of K. africana contain a wide range of phytoconstituents, such as iridoids, flavonoids, naphthoquinones, coumarins, terpenes, and terpenoids [22,26]. Additionally, analyses of fruit extracts of K. africana (ethanol, hexane, butanol, ethyl acetate, or aqueous) have revealed the presence of flavonoids, carbohydrates, tannins, alkaloids, phenols, sterols, glycosides, and saponins [27]. K. pinnata contains large amounts of sterols and iridoids, which may contribute to their capacity to treat melanoma [28]. The anticonvulsant properties of K. africana, which are used to stop epileptic fits, are thought to be attributed to derivatives of cinnamic acid. Flavonoids are present in the leaves and fruits. The antimicrobial components, which are boosted by a high flavonoid concentration, may be the source of the antidiarrheal effects [29].



The aim of this research study is to investigate the phytochemicals in fruit (mature or immature) extracts of K. pinnata and their potential antioxidant and anticancer activities.




2. Materials and Methods


2.1. Plant Materials


Fruits of mature and immature K. pinnata DC. trees were obtained from the botanical garden of the Faculty of Agriculture, Ain Shams University, Cairo, Egypt during April and December. Collected samples (mature or immature whole fruits) were sliced into small pieces. All the samples were bagged in sealed-cap plastic sample bags and kept at −80 °C until used. The complete sliced fruits were dried at reduced pressure at 45 °C (RAYPA-EV 50L, drying oven-Spain). After complete drying the samples were ground into fine powder.




2.2. Determination of N, P, and K


According to the Association of Official Analytical Chemists (AOAC) [30], the amount of elements was identified in both mature (Km) and immature (KI) fruits.




2.3. Determination of Trace Element Levels


2.3.1. Microwave Digestion


Microwave acid digestion of K. pinnata extract samples was carried out using analytically ultra-pure graded nitric acid (65%, for ICP, Sigma-Aldrich, St. Louis, MI, USA) and hydrogen peroxide (30%, ultra-pure for AA, Carlo-Erba, Val de Reuil, France). For sample dilutions, ultrapure water from the Milli-Q system (Millipore, France) was acquired. In a closed microwave digestion/extraction system (SINEO-MDS-6G SMART, Shanghai, China) as described by Marin et al. [31], 1.0 g of powdered sample was digested with 8 mL of nitric acid or 2 mL of hydrogen peroxide. The final mixtures were cooled and then completed to 100 mL with distilled water before being subjected to ICP-OES analysis.




2.3.2. Determination of Trace Element Levels by ICP-OES


ICP-OES (Agilent 700 series coupled with Ultrasonic Nebulizer CETAC U-6000AT-CETAC, CA, USA) was used to measure the levels of trace elements, and an autosampler AS 93-plus Argon (purity > 99.995%) was used to maintain the plasma as well as the carrier gas. To calibrate, a multi-elemental standard solution of 1000 mg/L from Sigma-Aldrich was used, which contained all of the elements that were analyzed (Mg, Na, Ca, Zn, Cu, B, Mn, Cr, Fe, Pb, Al, Si, and Cd).





2.4. Proximate Analysis


The moisture content, total carbohydrates, reducing sugars and crude fat were measured in the dried powder samples of mature (Km) and immature (KI) fruits according to AOAC [32]. The crude fiber was determined using the fully automated system (FOSS—Fibertic 8000, Hilleroed,, Denmark) according to Tobaruela et al. [33]. Free amino acids were determined in the 85% ethanolic extract of powdered samples using ninhydrin reagent (ACS Sigma Aldrich) and the absorbance was read at 570 nm using a spectrophotometer according to Jayaraman [32] and L-Lysine (20–100 µg/mL) as a calibration standard curve.




2.5. Determination of Total Phenolic Content


According to Goffman and Bergman [34], with a few modifications, the total phenolic content of mature (Km) and immature (KI) fruits was determined in an 80% ethanolic extract. In total, 0.1 mL of ethanolic extract was combined with 0.50 mL of deionized water, 0.25 mL of 20% Folin-Ciocalteu reagent, and 0.5 mL of 0.5 M ethanolamine after 5 min and kept for 90 min at room temperature. The optical density was then measured at 760 nm against a reagent blank using a Thermo Scientific Evolution 350 UV-Vis spectrophotometer (Waltham, MA, USA). The total phenolic content was expressed as mg gallic acid (GE)/100 g sample (DW).




2.6. Determination of Total Flavonoid Content


The total flavonoid content was determined using a spectrophotometric method according to Chang et al. [35]. In total, 0.075 mL of 5% NaNO2 (w/v), 1 mL of deionized water, and 0.25 mL of 80% ethanolic extract were combined. The mixture received 0.15 mL of 10% AlCl3 (w/v) after 5 min. Then, 0.5 mL of 1 M NaOH was added after 6 min. The addition of 0.5 mL of deionized water came next. The absorbance of the mixture was read at 510 nm using a Thermo Scientific Evolution 350 UV-Vis spectrophotometer (Waltham, MA, USA) after centrifugation at 8000 g for 4 min at room temperature in comparison to the blank reagent. Total flavonoid content was expressed as mg catechin (CE)/100 g sample (DW).




2.7. Determination of Total Anthocyanin Content


Using the Abdel-Aal et al. [36] method, total anthocyanins were extracted, and their concentrations were determined. Five milliliters of acidified methanol (85% methanol or 15% 1.5 N HCl, v/v) were utilized to extract samples (0.5 g) for 40 min at room temperature. The supernatant was collected in a 10 mL volumetric flask and extraction was carried out once more after centrifugation at 20,000 g for 20 min at 4 °C (HERMEL -Z36HK—Germany) and then the supernatant was completed to a known volume. The absorbance of the supernatant was read at 535 nm utilizing a spectrophotometer via reagent blank. Total anthocyanin content was expressed as mg kuromanin (KE)/100 g sample (DW). The calibration standard curve of kuromanin (Sigma—USA) was made by using the concentration range 2.5–20.0 mg of KE. The average of molar extinction coefficient (Ɛ) was 25,700 ± 110 M−1 cm−1.




2.8. Determination of Total Condensed Tannins Content


Total condensed tannins (content of proanthocyanidins) were measured according to the procedure of Waterman and Mole [37]. In the ethanolic extract of Kigelia fruits, 3 mL of 4% vanillin solution in methanol and 1.5 mL of concentrated hydrochloric acid were mixed with 50 μL of the sample extract. After 15 min of incubation at room temperature, the absorbance of the mixture was read at 500 nm using a spectrophotometer against methanol as a reference. The total content of proanthocyanidins was expressed as mg of catechin (CAE)/ 100 g of extract, (Sigma-Aldrich, Taufkirchen, Germany, 0–150 µg/mL, R2 = 0.9984). All samples were analyzed in triplicate.




2.9. Fe+2 Ion Reducing Power


Different Kigelia fruit extracts’ reducing powers were assessed using the Oyaizu method [38]. The powdered extract of Km and KI was reconstituted in absolute ethanol. A volume of 0.4 mL of ethanolic solution was added to each sample with different concentrations (0.5, 2.0, 4.0 and 8.0 mg/mL for Km and KI extracts) while solvent fractions with water, ethyl acetate, methanol and water were reconstituted in DMSO (dimethyl sulfoxide 99%, Millipore, Merck, Germany). The concentrations used (0.5, 3.0, 4.8, and 6.4 mg/mL for K water, K ethyl acetate, K methanol and K dichloro mathane extracts, respectively) were mixed with 1 mL potassium ferricyanide 1% or 1 mL phosphate buffer 0.2 mol/ L, pH 6.6. After the incubation of the mixture at 50 °C for 20 min, 1 mL of 10% trichloroacetic acid was added. The mixture was then centrifuged at 650 g for 10 min (HERMEL—Z36HK-Germany). The reducing power was measured as μg gallic acid/g extract (ε = 15.23 µg mL−1cm−1) at 700 nm using a Thermo Scientific Evolution 350 UV-Vis spectrophotometer (MA, USA) after 2 mL of supernatant, 2 mL of distilled water, and 0.4 mL of ferric chloride 0.1% were combined.




2.10. Determination of Total Antioxidant Capacity


Using the Prieto et al. [39] protocol, the total antioxidant capacity of various kigelia fruit extracts was assessed. In total, 0.5 mL of ethanolic solution of each sample at different concentrations (2.08, 4.16, 6.25, 8.33 and 10.42 mg/mL for Km and KI extracts, and 1.6, 3.2, 4.8, 6.4 and 8 mg/mL for K water, K ethyl acetate, K methanol and K dichloro mathane extracts) were mixed with 3.5 mL of the molybdate reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate) in screw cap tubes. The tubes were incubated in a thermostatic shaking water bath (Witeg, WB 20, Wertheim, Germany) at 95 °C for 90 min. The tubes were left to cool and then the absorbance of the mixture was read at 695 nm using a spectrophotometer against a blank. The antioxidant capacity was expressed as µg α-tocopherol/g extract from α-tocopherol standard curve (5–100 µg/mL), or as µg L-ascorbic acid/g extract from the L-ascorbic acid standard curve (10–250 µg/mL).




2.11. Scavenging of DPPH Radical


A solution of 5 mM of 2,2-Diphenyl-2-picrylhydrazyl DPPH radical (Analar grade, Sigma-Aldrich, St. Louis, MI, USA) was prepared in 95% ethanol. Utilizing the spectrophotometric analysis of the DPPH radical’s absorption at 515 nm and a molar absorptivity of 1.09 × 104 M−1 cm−1, the DPPH radical concentration was identified. The Hatano et al. [40] protocol was utilized to assess the ability of various kigelia fruit extracts to scavenge DPPH radicals. The reaction mixture included 0.1 mL of DPPH solution (5 mM) as well as various kigelia fruit extracts with concentrations ranging from 0.25 mg/mL to 13.89 mg/mL. The total volume of the mixture was completed to 3 mL. After 10 min, the absorbance of DPPH at 515 nm was read using a spectrophotometer against a blank solution (3 mL of 95% ethanol). The results were calculated as follows:


  %   DPPH   radical   scavenging   activity =    Ac    −    As    Ac   × 100  








where




	
As = absorbance of sample;



	
Ac = absorbance of control (DPPH radical solution in ethanol).








By plotting the percent of scavenging activity against the extract concentration, the kinetic parameter IC50 (effective concentration of antioxidant required to reduce initial DPPH concentration by 50%) was calculated form the line equation of the concentration-dependent curve for each extract.




2.12. Extraction of Samples


The powdered samples of Km and KI were subjected to extraction for antioxidant activity, chromatographic analysis and anticancer assay. The crude methanolic extract was prepared from 250 g of dried powder samples with one liter of methanol absolute (High-Performance Liquid Chromatography (HPLC) grade, Sigma-Aldrich, St. Louis, MI, USA) at 20 °C overnight in dark bottles, then filtered (Whatman 1 filter paper), and the filtrate was pooled in an amber bottle. The residue was re-extracted twice with 500 mL of fresh methanol; the pooled extract was concentrated and evaporated to dryness by a rotary evaporator (BUCHI ROTAVAPOR R-300pro equipped with a vacuum pump, Taufkirchen, Germany) at 40 °C. The crude methanolic extract was subjected to vacuum freeze-drying (LAB1ST–FDL2E-1A, Shanghai, China), and the crude extract yielded 26.05 g. The resulting crude methanolic extract was weighted and kept in sealed flasks under N2 gas at −20 °C for further use (chromatographic analysis, antioxidant assay and anticancer assay). The powdered samples (50 g) were subjected to stepwise solvent extraction with dichloromethane, ethyl acetate, methanol (HPLC grad, Carlo-Erba, Emmendingen, France), and finally with deionized water. The extraction process was carried out twice for each solvent using a 250 mL portion and the pooled extract was concentrated to dryness by a rotary evaporator at reduced pressure and at 40 °C. The dried extracts were freeze-dried, weighted, and stored at −20 °C in sealed flasks under N2. The yields of stepwise extraction were 0.8, 1.04, 3.94, and 1.0 g for chloromethane, ethyl acetate, methanol and water solvents, respectively.




2.13. Gas Chromatography–Mass Spectrometry (GC-MS) Qualitative Identification


A crude methanolic extract powder (10 mg) of Km and KI was reconstituted in 1 mL of methanol:diethyl ether at a 7:3 ratio, and 1µL of sample solution (10 μg extract/µL) was injected for separation into a GC-MS (Shimadzu-QP-2010S plus, Tokyo, Japan) instrument equipped with (AOC-20i+s) an autosampler autoinjector and capillary column (Rtx-1 30 m × 0.32 mm I.D., 0.25 μm). The oven temperature was set to 50 °C, followed by a 5 °C/min temperature ramp to 200 °C that was held for 1 min, then raised to 280 °C at 10 °C/min. The final temperature was maintained for 1 min. The injector and mass interface temperatures were adjusted to 280 °C. The helium carrier gas (He) column flow was 2.62 mL/min with a linear velocity of 58.7 cm/s. The mass parameters were set as follows: ion source temperature of 220 °C, solvent cut time of 4.0 min, and compounds were acquired by scan mode ACQ (start m/z 70 and end m/z 600) on an MS detector (EI-mode). Integration was performed by the Lab Solution software 4.1 and compounds were compared via the NIST 11s library, Mass Finder, and information on related compounds in the literature. The main extract constituents were recognized via AMDIS software (www.amdis.net, accessed on 25 October2022), according to their retention indices (relative to n-alkanes C7–C30). Individual component concentrations were calculated using Lab Solution® software post-run integration and an internal standard (Diisooctyl phthalate ester 15 ng/µL) spiked to the sample, with each sample injected in triplicate.




2.14. Ultra-High-Performance Liquid Chromatography–Mass Spectrometry (UPLC-MS/MS) Identification of Phytochemicals Compounds


The crude methanolic extract powder (25 mg) of mature K. pinnata fruits (Km) was reconstituted in an acetonitrile:water 9:1 ratio (10 µg extract/µL); the extract was pre separated (clean up) using an automated cartridge separator (Smart prep II extractor system 24VDC module, Horizon Technology, Concord, NH, USA) using a 1 g RP-18 cartridge to eliminate the interfering compounds. The elution was carried out with water:acetonitrile (95:5) to remove the impurities, then the adsorbed analytes were removed from RP-18 using 100% acetonitrile. The identification of individual flavonoids, free phenolics and different metabolite profiles was performed by Waters Acquity UPLC –I class coupled with Xevo TQD MS (Milford, MA, USA), Acquity UPLC BEH C18 1.7 um–2.1 × 100 mm, with a column flow rate of 0.2 mL min−1 and an injection volume of 10 µL, using the Masslynix v 4.1 software with Mass library, Argon as the collision cell gas at an inlet of 7 psi, and a nitrogen pressure of 60 psi. The MS was set to an atmospheric pressure electrospray ionization (ESI) source, operated in positive (event MS1) and negative (event MS2) ion modes. The electrospray capillary voltage was set to 3000 V, with a nebulizing gas flow rate of 12 L/h or an interface temperature of 300 °C, and desolvation temperature of 526 °C. Mass spectrometry data were acquired in scan mode (mass range m/z 100–1200 with scan speed 1111 µ/s). To scan the phenolic compounds’ profile, we used a binary gradient of (A) 1% formic acid in water and (B) 100% acetonitrile at 0.2 mL/min at 25 °C. The gradient used was as follows: 0 min, 10% B; 0.01 to 29 min, linear gradient to 80% B; 31 min, linear gradient to 65% A, 35% B; 31 to 40 min, linear gradient to 15% A or 85%; 29 to 35 min, linear return to 10% B; 35.01 to 40 min, isocratic at 100% B to re-equilibrate. Mass spectral data were compared via the mass metabolite spectral library and compared with previously identified metabolites in the literature. The metabolite library uses high mass accuracy MS/MS spectra, retention time (Rt) or isotopic information to identify and confirm compounds.




2.15. Cell Culture


Huh-7 (liver cancer), PANC-1 (pancreatic cancer), Colo-205 (colorectal cancer), HT-29 (colorectal cancer), SNU-16 (gastric carcinoma), SW620 (colorectal adenocarcinoma), HCT116 (colon carcinoma) and THLE2 (immortalized, normal liver) cells were used in this investigation, obtained from American Type Culture Collection (ATCC, Rockville, MD, USA), and maintained in the VACSERA Cell Culture Unit, Cairo, Egypt. Cells were maintained in DMEM media supplemented with 100 mg/mL of streptomycin, 100 units/mL of penicillin and 10% heat-inactivated fetal bovine serum in a humidified, 5% (v/v) CO2 atmosphere at 37 °C.




2.16. Cytotoxicity Assay


According to Skehan et al. [41] and Allam et al. [42], the sulforhodamine B (SRB) assay was utilized to measure the viability of cells. In total, 5 × 103 cells suspended in 100 μL aliquots were placed in 96-well plates and incubated for 24 h in complete media. Another aliquot of 100 µL of media containing various concentrations of drugs was used to treat cells. The cells were fixed by replacing the media with 150 µL of 10% TCA and incubating at 4 °C for 1 h after 72 h of drug exposure. After the TCA solution was removed, distilled water was utilized to wash the cells five times. In total, 70 µL of 0.4% w/v SRB solution was added to the aliquots, and they were then incubated at room temperature for 10 min in a dark area. The plates were cleaned with 1% acetic acid three times before being left to air dry overnight. Then, the protein-bound SRB stain was dissolved using 150 µL of TRIS (10 mM), and the absorbance was determined at 540 nm using a BMGLABTECH®—FLUO star Omega microplate reader (Ortenberg, Germany). The data are expressed as the mean percentage of viable cells as compared to the respective control cultures treated with the solvent. The half maximal growth inhibitory concentration (IC50 values) was calculated from the line equation of the dose-dependent curve of each compound.




2.17. Statistical Analysis


Each treatment involved three replications. SPSS statistics version 22.0 was utilized to analyze the data using analysis of variance (ANOVA). To separate means, the p ≤ 0.05 levels of Duncan’s multiple range tests were used.





3. Results


3.1. Macro- and Microelements in K. pinnata Fruits


The results in Figure 1 show that the mature fruits of K. pinnata contain higher amounts of nitrogen and potassium than immature fruits, and lower amounts of phosphorus than immature fruits. On the other hand, immature fruits contained higher amounts of magnesium than mature fruits. In addition, higher concentrations of magnesium, sodium, calcium, iron, manganese, zinc, and copper were detected in immature fruits than in mature fruits. The mature fruits exhibited higher concentrations of boron, molybdenum, cadmium, chromium, lead, aluminum, and silicon than immature fruits (Table 1).




3.2. Proximate Analysis


The results of the proximate analysis of mature and immature fruits of K. pinnata are shown in Table 2. The findings indicate that reducing sugars (5.03%), total carbohydrates (28.05%), crude fiber (15.4%), and crude protein (15.25%) were all higher in mature fruits than in immature ones. Additionally, immature fruits showed higher levels of total free amino acids FAA (1.48%) and moisture (28.78%). In addition, there was a non-significant difference in crude fat percentage between mature and immature fruits.




3.3. Secondary Metabolites


Table 3 illustrates the contents of secondary metabolites (total phenolics, anthocyanin, flavonoids, and tannin content) in the methanolic extracts of mature and immature fruits of K. pinnata. The results show that mature fruits exhibited higher amounts of total phenolics (171 mg/100 g), total flavonoids (398.7 mg/100 g) and total tannins (35.17 mg/100 g) than immature fruits. In addition, there were non-significant differences in total anthocyanin content.




3.4. Fe+2 ion Reducing Power


A simple direct test of antioxidant power involves determining the ferric reducing antioxidant power. After we did this, the Fe2+ was monitored by measuring the formation of blue-colored ferrous at 700 nm. The results show that the extracts of mature fruits of K. pinnata had greater reducing power than the extracts of immature fruits. As obtained in Figure 2, the reducing power of the fruit extract may serve as a significant indicator of its potential antioxidant activity.




3.5. Antioxidant Capacity


The antioxidant capacities of mature and immature fruit extracts of K. pinnata are illustrated in Figure 3. The extracts of mature fruits exhibited antioxidant capacities that were higher by about 103.79 and 69.42 µg, in relation to vitamin E equivalent and vitamin C equivalent, respectively, than the extracts of immature fruits.




3.6. DPPH Free Radical Scavenging Activity


DPPH radical is used for the quick evaluation of free radical-scavenging assays. Antioxidants’ ability to donate hydrogen is thought to be what causes them to have an impact on DPPH radical-scavenging. The results in Table 4 show that the DPPH-scavenging activity of mature fruit extracts was higher (75.41%) than immature fruits (22.32%). Moreover, a lower IC50 value was detected in mature fruits compared to immature fruits (about 2.56% lower), which shows this substance is more potent in scavenging DPPH, and this implies a higher antioxidant activity.




3.7. Fe+2 Ion Reducing Power of Different Fractions


Different fractions (water, ethyl acetate, methanol, and dichloromethane) at various concentrations (1.6, 3.2, 4.8, and 6.4 mg/mL) of the crude methanolic extracts of mature fruits of K. pinnata were used to determine reducing power (Figure 4). The results show that the reducing power was increased significantly by increasing the extract concentrations in all fractions. The most pronounced increase in reducing power was detected at a concentration of 6.4 mg/mL. In addition, the dichloromethane fraction exhibited a higher reducing power than the water fraction.




3.8. Antioxidant Capacity of Different Fractions


Figure 5 shows the antioxidant capacities of different fractions (water, ethyl acetate, methanol, and dichloromethane) of crude methanolic extracts of mature fruits of K. pinnata. The water and dichloromethane fractions of mature fruits exhibited antioxidant capacities that were higher by about 95.63, 94.13 and 63.96, 62.94 ppm equivalent of vit E and vit C, respectively, compared to the other fractions.




3.9. DPPH-Scavenging Activity of Different Fractions


The effects of different fractions (water, ethyl acetate, methanol, and dichloromethane) of crude methanolic extracts (1.0–6.0 mg/mL) of mature K. pinnata fruits on the scavenging of DPPH radicals are shown in Table 5. The results show that the rate of scavenging of DPPH radicals was greater in the methanolic fraction of mature fruits compared to ethyl acetate. Additionally, lower IC50 values were found in the ethyl acetate fraction and the methanolic fraction of mature fruits, with values lower by about 1.91% and 0.77%, respectively.




3.10. GC-MS Qualitative Identification


The components of the mature and immature K. pinnata fruits’ methanolic extracts were determined by GC-MS analysis, and the results are shown in Table 6 and Table 7 and Supplementary Figure S1a,b as the relative peak area of every constituent. As shown in Table 6 and Supplementary Figure S1a, the GC-MS analysis of mature fruits of K. pinnata resulted in the identification of 25 components. 5-Hydrxoymethylfurfural was considered the predominant and principal component (148.96 µg/g), followed by 2-Hydroxy-2-methylsuccinic acid (97.47 µg/g), 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (DMDP) (74.29 µg/g), Larixinic acid (64.55 µg/g), 5-Ethoxy-3a,6a-dimethyl-3,3a,4,6a-tetrahydro-furo [2,3-b]pyrrol-2-one (49.81 µg/g), 1,6-Hexanedioic acid, bis(DMOX) derivative (32.53 µg/g), and 4-(3,5-Dimethyl-1-benzofuran-2-yl)-2-butanone (29.03 µg/g).




3.11. KI (Kovat’s Index) Determined Experimentally Relative to C7–C30 n-alkanes


As shown in Table 7 and Supplementary Figure S1b, the GC-MS analysis of immature fruits of K. pinnata resulted in the identification of 19 components. The most abundant components were (3.α.,5.α.,11.β.)-3,11-dihydroxy-Pregnan-20-one (58.45 µg/g), 1,2-Benzenedicarboxylic acid, diisooctyl ester (54.64 µg/g), gamma-sitosterol (53.87 µg/g), i-propyl 14-methyl-pentadecanoate (35.62 µg/g), benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, octadecyl ester (33.92 µg/g), 2,6,10,10-Tetramethyl-1-oxaspiro[4.5]decan-6-ol (28.87 µg/g), oxolinic acid (20.93 µg/g), 3.α.-Hydroxy-5,16-androstadiene-17-carboxylic acid (18.45 µg/g), and 5-Ethoxy-3a,6a-dimethyl-3,3a,4,6a-tetrahydro-furo[2,3-b]pyrrol-2-one (15.36 µg/g). In addition, the methanolic extracts of immature fruits contained small amounts of previously identified phytochemical compounds. Figure 6 and Figure 7 represent the structures of the phytochemicals identified in the methanolic extracts of mature (Km) and immature (KI) fruits of K. pinnata, respectively.




3.12. UPLC-MS/MS Identification of Phytochemicals Compounds


The data in Table 8 and Supplementary Figure S2 show that sixteen peaks in total were separated and detected in negative and positive mode by UPLC-MS/MS. In the positive mode, only five compounds were detected at the base peak (259–383 m/z). The most abundant compounds were pinnatal (21.39%), kigelinol (20.52%), kigelinone (14.23%) and isokigelinol (12.58%). These compounds belong to the iridoid and quinone classes. Using the negative mode, we detected eleven compounds at the base peak (81–387.15 m/z). The most abundant compounds were isopinnatal (36.28%), coffeic acid (14.06%) and ferulic acid (12.91%). These compounds belong to the iridoid, phenolic, sterol, and quinone classes. Figure 8 and Figure 9 show the structures of the phytochemicals determined by LC-MSMS in crude methanolic extracts of mature fruits (Km) of K. pinnata in positive (TIC 1) and negative (TIC2) ion modes.




3.13. Anticancer Activity


We used five concentrations each of methanol and ethyl acetate extracts (50, 1000, 200, 400 and 800 µg /mL) and five concentrations of DOX drug (5, 10, 20, 40 and 80 µg/mL), in three replicates measured at 700 nm; DMSO was used as the solvent and blank. The data in Table 9 show the cytotoxic activity of crude methanolic and ethyl acetate extracts of mature fruits used in vitro against Huh-7 (liver cancer), PANC-1 (pancreatic cancer), Colo-205 (colorectal cancer), HT-29 (colorectal cancer), SNU-16 (gastric carcinoma), SW620 (colorectal adenocarcinoma), and HCT116 (colon carcinoma), in a viability test compared with THLE2 (normal liver cells).



The results in Table 9 and Figure 10 show that both methanolic and ethyl acetate extracts of the mature fruits had a positive effect on all cancer cell lines as compared to the doxorubicin drug. In addition, the methanolic extract of mature fruits showed more potent cytotoxic effects than the ethyl acetate extract. Moreover, the most pronounced cytotoxic effects of the methanolic extract were detected against SW620 (colorectal adenocarcinoma), with an IC50 value of 6.79 μg/mL, SNU-16 (gastric carcinoma), with an IC50 value of 8.69 μg/mL, and against PANC-1 (pancreatic cancer), with an IC50 value of 10.34 μg/mL.





4. Discussion


The mature fruits of K. pinnata have higher amounts of nitrogen, potassium, boron, molybdenum, cadmium, chromium, lead, aluminum, and silicon than immature fruits. On the other hand, immature fruits have higher amounts of magnesium, phosphorus, sodium, calcium, iron, manganese, zinc, and copper (Figure 1 and Table 2). These findings are in line with those of Fagbohun et al. [75], who reported that trace elements such as zinc, nickel, iron, copper, cobalt, cadmium, lead, manganese, and chrome are present in the various solvent extracts of K. africana fruit; these increase the antioxidant activity, and their concentrations vary depending on the extract. A crucial mineral and an important electrolyte in the human body is potassium. It is crucial for controlling blood pressure, nerve function, and electrolyte balance. Calcium is necessary for healthy skeletal development, muscle function, and growth [75]. Zinc, manganese, and copper are elements that are associated with the strategies of cellular antioxidant resistance. In addition, it is known that the metals copper and manganese play a role in the generation of reactive oxygen species (ROS) [76,77,78,79,80,81,82,83,84]. Hemoglobin contains zinc, which supports blood vessel and lung function. Studies have shown that zinc has positive effects on people with atherosclerosis [85]. In addition to aiding in wound healing, it is crucial for the immune system, taste, smell, growth, vision, blood clothing, healthy insulin and thyroid function. It has also shown significant antitumor activity via human carcinoma of the nasopharynx [86]. Additionally, zinc plays a crucial part in the production of insulin and the catalysis of multiple enzymatic processes [87]. Manganese is both a necessary element and a strong neurotoxin [76]. A small amount of copper is necessary for the proper operation of the body’s organs and systems, but an excessive amount can be toxic. According to studies, deficiencies in copper may cause anemia, abnormalities of the bones, growth retardation, and abnormalities of the metabolism of glucose and cholesterol [88,89].



Chromium is a vital trace element with a biological function that is necessary for maintaining insulin sensitivity and glucose metabolism; this finding is considered a significant development in recent diabetes studies [90]. A crucial component of human nutrition is iron. It is a component of hemoglobin that supports the immune system, in addition to carrying oxygen throughout the body. About 600–700 million individuals worldwide suffer from acute iron deficiency anemia, with developing nations comprising the majority of cases [91]. Cadmium and lead have no nutritional value, and when levels of cadmium and lead are too high, they can lead to a number of illnesses such as cancer and cardiovascular issues [92]. The maximum acceptable concentrations of cadmium and lead in fruits are 0.05 mg/kg wet weight and 0.10 mg/kg wet weight, respectively, as per European legislation (1881/2006/EC) [93]. The amounts of cadmium and lead found in mature and immature K. pinnata fruit extracts were lower than what is recommended by European law. This suggests that both mature and immature fruit extracts of K. pinnata have no negative effects on human health.



The proximate analyses showed that the mature fruits have high amounts of reducing sugars, total carbohydrates, crude fiber and crude protein, while immature fruits have high amounts of moisture and total free amino acids. In addition, there is a non-significant difference in crude fat percentage between mature and immature fruits (Table 3). Similar results have been reported by Oseni and Williams [94], who found that the carbohydrate content is 36.10%, the crude fiber content is 21.09%, the crude protein content is 16.31%, the moisture content is 9.70%, fat is 4.23% and ash is 7.56% in K. africana fruit. The fruits with high protein contents were found to be beneficial for maintaining healthy adult, child, and fetal growth and development, which all require a sufficient amount of protein each day [95]. Fibers are necessary for digestion and waste removal, and they can lower serum cholesterol, the risk of coronary heart disease, constipation, diabetes, colon, hypertension and breast cancer, among other conditions [96]. As a result, K. pinnata fruit can be regarded as an important source of dietary fiber with nutritive value. With regard to carbohydrates, the K. pinnata fruit has the highest value. It is well known that carbohydrates play a significant role in many foods, and that they are a crucial energy source when they are digestible [75]. The study’s findings demonstrate that K. pinnata fruit is a good source of carbohydrates that provide the necessary energy for both humans and animals.



The mature fruits exhibited higher amounts of total phenolics, total flavonoids and total tannins than immature fruits. In addition, there were non-significant differences in total anthocyanin content (Table 4). Owing to their ability to scavenge free radicals due to the presence of hydroxyl groups [97], phenols are crucial plant components that help stabilize lipid oxidation [98]. The high concentrations of phenolic compounds in K. africana extracts are related to the fruit’s capacity to scavenge free radicals [75,99]. Inhibiting the growth of tumors, fighting off parasites, and treating depression are all benefits of flavonoids [100]. Flavonoids are known to have a variety of antioxidant activities. The phenolic structures of these antioxidants serve as their foundation. It is also believed that phenolic compounds can restore endogenous α-tocopherol, which is found in the lipoprotein or bilayer of phospholipids, to its active antioxidant state [75]. Tannins are generally recognized as being beneficial for treating inflamed or ulcerated tissues and possessing remarkable anticancer properties [101]. Tannins have antibacterial, insecticidal, antiviral, and antitumor properties [102,103]. The traditional use of K. pinnata in the treatment of cancer is thus supported by the presence of tannins in fruit extracts.



The number of studies on the therapeutic potential of different plants with potent antioxidant characteristics and few side effects [104] has increased considerably. This has sparked interest in determining whether naturally occurring antioxidants could take the place of synthetic antioxidants, which are currently being restricted due to their toxic and carcinogenic properties [104]. The antioxidant activities of mature (Km) and immature (KI) fruit ethanolic extract have also been examined against DPPH radicals. The reducing power and antioxidant capacity were also evaluated for both extracts (Figure 2 and Figure 3, Table 5). The results obtained show that the mature fruit methanolic extract (Km) has a higher antioxidant activity than KI, leading to greater reducing power, antioxidant capacity, and DPPH activity. The high contents of antioxidant compounds in these extracts, such as total phenolics and flavonoids, may contribute to their greater total antioxidant capacity. Due to their high redox properties, phenolic compounds are crucial for quenching singlet or triplet oxygen, as well as for the breakdown of peroxides. They also absorb and neutralize free radicals, which helps to prevent oxidative chain reactions [98]. Antioxidants’ ability to donate hydrogen is thought to be what causes them to have an impact on DPPH radical-scavenging. The findings of this study demonstrate that K. africana fruit extracts function as primary antioxidants and free radical-inhibitors [75]. The reduction of ferric to ferrous reductants (antioxidants) in the sample material serves as the basis for the assay of reducing activity in this study. The outcomes demonstrate the significant reducing power of K. africana fruit extract. The fruit’s potential antioxidant activity may be significantly indicated by its reducing power [75].



In addition, the reducing power and total antioxidant capacity were higher in the dichloromethane fraction compared to the water fraction of fruits, while the DPPH activity was higher in the methanolic fraction than in the other fractions. These findings demonstrate the capacity of the methanolic fraction to function as a hydrogen atom donor or electron donor in the conversion of stable, purple-colored DPPH to reduced, yellow-colored DPPH-H, and the ability of the dichloromethane fraction (Fe3+) to reduce to Fe2+ via electron transfer. These findings are in line with those reported by Fagbohun et al. [75], who found that various solvent extracts of the K. africana fruit showed hydroxyl ion radical-scavenging activity, confirming the presence of primary antioxidants that regulate the anti-lipid peroxidation potential. According to this study, the solvent extracts of K. africana fruit derived using butanol, ethyl acetate, ethanol, and hexane have a good chance of neutralizing the potential hydrogen peroxide hazard.



Additionally, the antioxidant abilities of fruits could be explained by the presence of different metabolite profiles of both types, and also the quantities of the antioxidant compounds. The GC-MS analysis of mature fruits showed the presence of remarkable antioxidant compounds compared with immature fruit extracts. Larixinic acid (maltol 9.94%), 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (11.44%), 5-Hydrxoymethylfurfural (22.94%), 2-Methoxy-4-vinylphenol (2.4%), and 4-((1E)-3-Hydoxy-1-propenyl)-2-methoxyphenol (2.01%) were found in the mature extracts.



In addition, the immature extracts contained pregnan-20-one and 3,11-dihydroxy-(3.beta.,5.alpha.,11.beta.) as the principal components (11.34%), as well as 1,2-Benzenedicarboxylic acid, diisooctyl ester (10.6%), gamma-sitosterol (10.45%), i-Propyl 14-methyl-pentadecanoate (6.91%), benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, octadecyl ester (6.85%), and 2,6,10,10-Tetramethyl-1-oxaspiro[4,5]decan-6-ol (5.40%). Our investigation has identified, for the first time, the profile of novel constituents in mature fruits, even though several investigations have already sought to characterize the metabolites of different parts of the K. pinnata tree. The detected compounds are an intriguing heterogeneous mixture of various chemical structure families, including furanes, sterols, phthalate esters, fatty acid esters, phenolic acid derivatives, and phthalate esters. Maltol, 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one and 5-Hydrxoymethylfurfural were formed as products of the Maillard reaction. These compounds may also be responsible for the brown color of mature fruits, and their antioxidant activity [105]. For example, 5-hydroxymethyl-2-furfural (5-HMF) had the strongest scavenging activity against the hydroxyl radical, DPPH radicals, and superoxide anion radicals compared with the relatively weak alkyl radical [106]. Additionally, 5-HMF demonstrated a novel antioxidant activity by neutralizing ABTS and DPPH free radicals, or by reducing AAPH-induced hemolysis in a dose-dependent way [107]. 2-methoxy-4-vinylphenol showed the strongest antioxidant activity [108].



The electron-deficient structure of maltol, with an unshared pair of electrons on the oxygen atom, is closely related to its enhanced oxidation of Fe2+ ion as a pro-oxidant, and can explain the strong antioxidant properties of maltol. The 3-hydroxy group in the maltol structure participates in the formation of chelation complexes with iron. Additionally, the pyrone ring is a rather potent base, and maltol comprises a resonance hybrid of carbonium and oxonium (pyrylium) forms. The 3-hydroxy group can bind with iron and attract electrons from Fe2+ to Fe3+ ions, resulting in the scavenging of the pro-oxidant Fe2+ ions [109].



3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (DDMP) was identified as a strong antioxidant in glucose–histidine Maillard reaction products (Glc–His MRPs). DDMP was also responsible for the increase in DPPH radical-scavenging activity, ABTS radical-scavenging activity and reducing power [110]. The hydroxyl group at the olefin position had a more remarkable impact than the C-3 hydroxyl group of DDMP, indicating that the unstable enol structure in the DDMP moiety can be considered the source of its antioxidant activity [111].



The data in Table 9 and Supplementary Figure S2 show that sixteen peaks in total were separated and detected in the negative and positive modes of UPLC-MS/MS. These include pinnatal (21.39%), kigelinol (20.52%), kigelinone (14.23%), isokigelinol (12.58%), isopinnatal (36.28%), coffeic acid (14.06%) and ferulic acid (12.91%). These compounds belong to the iridoid, phenolic, sterol, and quinone classes. According to this study, K. pinnata fruit extracts contain a variety of bioactive molecules that have a variety of pharmacological effects. Similar studies have found that several K. africana phytochemicals, including demethylkigelin, kigelin, ferulic acid and 2-(1-hydroxyethyl)-naphtho[2,3-b]furan-4,9-dione, can inhibit cancer cell proliferation [112]. Norviburtinal and isopinnatal, two compounds in K. pinnata, have been shown to be cytotoxic in vitro against cancer cell lines, and against human melanoma cells that may have growth-inhibitory properties [74].



The results in Table 9 and Figure 10 show that both methanolic and ethyl acetate extracts of mature fruits have a positive effect on all cancer cell lines as compared to the drug doxorubicin. In addition, the methanolic extracts of mature fruits showed stronger cytotoxic effects than the ethyl acetate extract. Moreover, the most pronounced cytotoxic effects of the methanolic extract were detected in SW620 (colorectal adenocarcinoma), SNU-16 (gastric carcinoma) and PANC-1 (pancreatic cancer). The fruit extracts may have these effects because they contain bioactive substances. For example, maltol demonstrated good anti-inflammatory and antioxidative properties. Maltol’s potent antioxidant properties have been suggested to be responsible for its hepatoprotective and anti-liver cancer effects on an alcohol-induced liver oxidative injury model [113,114,115]. In PC12 cells, maltol treatment also promotes PINK1/Parkin-mediated mitophagy, which aids in the restoration of mitochondrial functions. As a result of our research, maltol can be suggested as a potential therapeutic candidate for the treatment and management of spinal cord injury (SCI) [116]. Maltol also has a strong anti-inflammatory and anti-apoptotic effect, which may be partially attributed to its regulation of the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathway [117,118]. On human melanoma A375 cells, 5-HMF demonstrated greater antiproliferative activity than other cell lines. The action mechanisms show that 5-HMF could cause G0/G1 cell cycle arrest and apoptosis in A375 cells [119]. Moreover, Panc-1 and SNU-213 pancreatic cancer cell lines are resistant to the effects of cancer related to 2-Methoxy-4-vinyl phenol (2M4VP). By suppressing the expression of the cell nuclear antigen (PCNA) protein, 2M4VP lessens the viability of Panc-1 cells. Both cell lines’ migratory activities were reduced by 2M4VP. Additionally, 2M4VP treatment successfully reduced the phosphorylation of AKT and Focal Adhesion Kinase (FAK). 2M4VP, a supplement, may be used to treat pancreatic cancer [120,121,122,123].




5. Conclusions


The methanolic extract of the K. pinnata fruit exhibits antioxidant activity, which may be useful in preventing or delaying the onset of various oxidative stress-related diseases. The findings of the current study also suggest that the fruit contains a variety of phytochemicals, including minerals, carbohydrates, proteins, terpenoids, flavonoids, and phenols, all of which have positive pharmacological effects and are essential for human and animal nutrition. Therefore, the methanolic extracts of K. pinnata fruits may be useful as a feed additive or as a medicine to enhance humans’ and domestic animals’ health and growth. The research also suggests that the methanolic extract of fruits can be used as a cancer treatment, and is a good source of natural antioxidants. In this study, mature fruits were analyzed using GC-MS and UPLC-MS/MS to identify bioactive compounds with antioxidant and anticancer properties. The fruits of K. pinnata are considered inedible by people. Understanding the antioxidant properties of K. pinnata fruit extracts requires further research into their cytotoxicity towards the human body.
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Figure 1. Quantification of macro-elements of mature (Km) and immature (KI) fruits of K. pinnata. The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter. 
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Figure 2. Reducing powers of mature (Km) and immature (KI) fruit extracts of K. pinnata. The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter. 






Figure 2. Reducing powers of mature (Km) and immature (KI) fruit extracts of K. pinnata. The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter.
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Figure 3. Antioxidant capacity of extracts of mature (Km) and immature (KI) fruits of K. pinnata. The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter. Vit E eq (vitamin E equivalent) and vit C eq (vitamin C equivalent). 
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Figure 4. Reducing power of different fractions (water, ethyl acetate, methanol and dichloromethane) of mature (Km) fruits of K. pinnata. The values are the means of three replicates with standard deviation (± SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter. 






Figure 4. Reducing power of different fractions (water, ethyl acetate, methanol and dichloromethane) of mature (Km) fruits of K. pinnata. The values are the means of three replicates with standard deviation (± SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter.
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Figure 5. Antioxidant capacity of different fractions (water, ethyl acetate, methanol and dichloromethane) of mature (Km) fruits of K. pinnata. The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each bar with the same letter. Vit E eq (vitamin E equivalent) and vit C eq (vitamin C equivalent). 
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Figure 6. Structure of phytochemicals identified in methanol extracts of mature (Km) fruits of K. pinnata. 
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Figure 7. Structure of phytochemicals identified in methanol extracts of immature (KI) fruits of K. pinnata. 






Figure 7. Structure of phytochemicals identified in methanol extracts of immature (KI) fruits of K. pinnata.



[image: Separations 09 00379 g007a][image: Separations 09 00379 g007b]







[image: Separations 09 00379 g008 550] 





Figure 8. Structure of the phytochemicals identified by LC-MSMS in crude methanolic extracts of mature fruits (Km) of K. pinnata in positive ion mode (TIC 1): (A) verminoside, (B) pinnatal, (C) kigelinol, (D) isokigelinol, (E) kigelinone. 
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Figure 9. Structure of the phytochemicals identified by LC-MSMS in crude methanolic extracts of mature fruits (Km) of K. pinnata in negative ion mode (TIC 2): (a) minecoside, (b) 7-hydroxy-10-deoxyeucommiol, (c) 3-(2-hydroxyethyl)-5-(2-hydroxypropyl)-4,5-dihydrofuran-2(3H)-one, (d) coffeic acid, (e) sitosterol, (f) verbascoside, (g) isoverbascoside, (h) chlorogenic acid, (i) isopinnatal, (j) ferulic acid and (k) norviburtinal. 
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Figure 10. IC50 of K. pinnata mature fruit methanolic and ethyl acetate extracts and the DOX drug on a dose–response graph. 






Figure 10. IC50 of K. pinnata mature fruit methanolic and ethyl acetate extracts and the DOX drug on a dose–response graph.



[image: Separations 09 00379 g010]







[image: Table] 





Table 1. ICP-OES of trace elements of mature (Km) and immature (KI) fruits of K. pinnata.
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Element

	
Concentration mg/Kg (DW)




	
Km

	
KI






	
Magnesium (Mg)

	
194.17 ± 0.14 b

	
472.22 ± 0.28 a




	
Sodium (Na)

	
6.04 ± 0.27 b

	
10.20 ± 0.57 a




	
Calcium (Ca)

	
112.24 ± 0.86 b

	
167.60 ± 0.34 a




	
Iron (Fe)

	
499.6 ± 0.42 b

	
530.1 ± 0.13 a




	
Manganese (Mn)

	
99.47 ± 0.56 b

	
272.5 ± 0.19 a




	
Zinc (Zn)

	
152.93 ± 0.34 b

	
230.9 ± 0.26 a




	
Copper (Cu)

	
8.60 ± 0.24 b

	
12.40 ± 0.52 a




	
Boron(B)

	
52.33 ± 0.18 a

	
45.72 ± 0.3 b




	
Molybdenum (Mo)

	
2.57 ± 0.54 a

	
1.76 ± 0.15 b




	
Cadmium (Cd)

	
0.048 ± 0.12 a

	
0.033 ± 0.17 b




	
Chromium (Cr)

	
16.32 ± 0.69 a

	
4.68 ± 0.59 b




	
Lead (Pb)

	
0.048 ± 0.34 a

	
0.020 ± 0.04 b




	
Aluminum (Al)

	
1.74 ± 0.50 a

	
0.99 ± 0.31 b




	
Silicon (Si)

	
16.29 ± 0.53 a

	
11.85 ± 0.12 b








The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple test (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter.
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Table 2. Moisture, reducing sugars, total carbohydrate, fibers, crude protein, total free amino acids (FAA) and crude fat content (dry weight bases) of mature (Km) and immature (KI) fruits of K. pinnata.
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	Sample
	%Moisture
	%Reducing Sugars
	%Total Carbohydrates
	%Crude Fiber
	%Crude Protein
	%FAA
	%Crude Fat





	Km
	26.89 ± 0.04 b
	5.03 ± 0.12 a
	28.05 ± 0.02 a
	15.4 ± 0.04 a
	15.25 ± 0.01 a
	1.12 ± 0.94 b
	6.87 ± 0.45 a



	KI
	28.78 ± 0.09 a
	1.47 ± 0.1 b
	22.61± 0.5 b
	11.7 ± 0.87 b
	9.43 ± 0.9 b
	1.48 ± 0.85 a
	6.31 ± 0.55 a







The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple test (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter.
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Table 3. Total phenolics, anthocyanin, flavonoids and tannins contents (dry weight bases) in methanol extracts of mature (Km) and immature (KI) fruits of K. pinnata.
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	Sample
	T. Phenolics GAE mg/100 g
	T. Anthocyanin KE

mg/100 g
	T. Flavonoids QE

mg/100 g
	T. Tannins

CAE mg/100 g





	Km
	171 ± 0.34 a
	0.61 ± 0.04 a
	398.7 ± 0.98 a
	35.17 ± 0.41 a



	KI
	134 ± 0.15 b
	0.52 ± 0.03 a
	353.2 ± 0.71 b
	33.01 ± 0.30 b







The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter.
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Table 4. DPPH-scavenging activities of extracts of mature (Km) and immature (KI) fruits of K. pinnata.
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Range of Crude Methanol Extract (mg/mL)

	
DPPH Scavenging Activity%

Median




	
KI

	
Km






	
2. 0–12.0

	
22.32 ± 1.57 b

	
75.41 ± 0.65 a




	
IC50




	
15.67 ± 0.48 a

	
2.56 ± 0.19 b








The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter. The extract concentrations were 2.0, 4.0, 6.0, 8.0, 10.0, and 12.0 mg/mL.
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Table 5. DPPH-scavenging activity of different fractions (water, ethyl acetate, methanol, and dichloromethane) of mature (Km) fruits of K. pinnata.
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Range Extract (mg/mL)

	
DPPH-Scavenging Activity%

Median




	
K Water

	
K ethyl acetate

	
K methanol

	
K dichloromethane






	
1.0- 6.0

	
30.42 ± 0.54 c

	
77.81 ± 0.65 b

	
85.23 ± 0.69 a

	
26.36 ± 0.36 d




	
IC50




	
2.91 ± 0.21 b

	
1.91 ± 0.15 c

	
0.77 ± 0.08 d

	
6.76 ± 0.39 a








The values are the means of three replicates with standard deviation (± SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter. The extracts concentrations were 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 mg/mL.













[image: Table] 





Table 6. Phytochemical compounds identified by GC-MS in methanolic extracts of mature (Km) fruits of K. pinnata.
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	Peak No
	Compound Name
	M. Ion
	Base Peak m/z
	Retention Time (min)
	KI
	µg/g Crude Extract
	References





	1
	Larixinic acid
	126
	126
	5.15
	1092.2
	64.55
	[43]



	2
	3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one(DMDP)
	144
	144
	6.229
	1124
	74.29
	[44]



	3
	5-Hydrxoymethylfurfural
	126
	126
	7.65
	1195
	148.96
	[45]



	4
	2-Hydroxy-2-methylsuccinic acid
	148
	103
	7.914
	1217
	97.47
	[46]



	5
	2-Methoxy-4-vinylphenol
	150
	135
	9.366
	1289
	15.58
	[47]



	6
	4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol
	180
	137
	16.499
	1689
	13.05
	[48]



	7
	(2E)-5-([tert-Butyl(dimethyl)silyl]oxy)-2-hexena
	228
	127
	18.677
	1986
	4.29
	[49]



	8
	Dibutyl phthalate
	278
	149
	19.422
	1923
	3.64
	[50]



	9
	Benzenemethanol, 2,5-dimethoxy-, acetate
	210
	210
	19.702
	1996
	3.57
	[51]



	10
	Adipic acid, butyl hexyl ester
	286
	129
	19.768
	1596
	11.95
	[52]



	11
	i-Propyl 14-methyl-pentadecanoate
	298
	256
	20.559
	1892
	2.47
	[53]



	12
	9-Hydroxypentadecanoic acid, methyl ester
	272
	155
	21.02
	2455
	3.90
	[54]



	13
	Butyl 9,12-octadecadienoate
	336
	106
	21.247
	2631
	2.27
	[55]



	14
	9,12-(Z,Z)-Octadecadienoic acid
	280
	109
	21.675
	2092
	3.12
	[56]



	15
	6-Octadecenoic acid
	282
	111
	21.769
	2161
	9.42
	[57]



	16
	N,N-dibutyl-Octanamide
	255
	128
	22.009
	1839
	3.25
	



	17
	Phenyl 6-hydroxy-8-phenyloctanoate
	312
	183
	22.361
	2155
	4.61
	



	18
	S-[2-((2-[(4-Methyl-2-quinolinyl)oxy]ethyl)amino)ethyl] hydrogen thiosulfate
	342
	183
	23.111
	2651
	18.57
	



	19
	4-(3,5-Dimethyl-1-benzofuran-2-yl)-2-butanone
	159
	216
	23.176
	1478
	29.03
	[58]



	20
	5-Ethoxy-3a,6a-dimethyl-3,3a,4,6a-tetrahydro-furo[2,3-b]pyrrol-2-one
	197
	126
	23.899
	1894
	49.81
	



	21
	1,6-Hexanedioic acid, bis(DMOX)
	252
	139
	23.964
	2398
	32.53
	



	22
	3-Methyl-5-[(2-methyl-1H-indol-3-ylmethylene)-amino]thiophene-2,4-dicarboxylic acid,2-ethyl ester 4-methyl-ester
	384
	158
	25.114
	2215
	3.38
	



	23
	1,3-diaceto-2-Myristin,
	386
	159
	25.174
	2562
	8.25
	



	24
	Diisooctyl phthalate ester (internal standard)
	390
	149
	25.765
	2525
	15.00
	



	25
	(3.α.,5.α.,11.β.)- 3,11-dihydroxy-Pregnan-20-one
	334
	316
	26.208
	2489
	26.43
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Table 7. Phytochemical compounds identified by GC-MS in methanolic extracts of immature (KI) fruits of K. pinnata.
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	Peak No
	Compound Name
	M. Ion
	Base Peak m/z
	Retention Time (min)
	KI
	µg/g Crude Extract
	References





	1
	2-Methoxy-4-vinylphenol
	150
	135
	9.36
	1289
	14.59
	[47]



	2
	4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol
	180
	137
	16.48
	1689
	9.18
	[48]



	3
	Dibutyl phthalate
	278
	149
	18.26
	1923
	9.59
	[50]



	4
	i-Propyl 14-methyl-pentadecanoate
	298
	256
	19.77
	1892
	35.62
	[59]



	5
	9,12,15-(Z,Z,Z)-Octadecatrienoic acid
	278
	79
	21.72
	2092
	9.85
	[60]



	6
	Adipic acid, isobutyl propyl ester
	244
	129
	23.38
	2283
	10.98
	[52]



	7
	5-Ethoxy-3a,6a-dimethyl-3,3a,4,6a-tetrahydro-furo[2,3-b]pyrrol-2-one
	197
	126
	23.89
	1894
	15.36
	



	8
	2,6,10,10-Tetramethyl-1-oxaspiro[4.5]decan-6-ol
	212
	126
	23.96
	1298
	28.87
	[61]



	9
	(3.α.,5.α.,11.β.)- 3,11-dihydroxy-Pregnan-20-one
	334
	316
	24.18
	2489
	58.45
	



	10
	2-(4-Methoxy-2,5-dimethyl-phenyl)-9-methyl-2H-benzo[g]indazole
	316
	316
	24.40
	2491
	9.69
	



	11
	3.α.-Hydroxy-5,16-androstadiene-17-carboxylic acid
	316
	316
	24.43
	2491
	18.45
	



	12
	Oxolinic acid
	261
	202
	24.60
	1940
	20.93
	[62]



	13
	Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, octadecyl ester
	530
	530
	24.74
	3991
	33.92
	



	14
	Fumaric acid, decyl isobutyl ester
	312
	117
	25.42
	1741
	14.79
	[63]



	15
	1,2-Benzenedicarboxylic acid, diisooctyl ester
	390
	149
	25.76
	2525
	54.64
	[64]



	16
	gamma-Sitosterol
	414
	140
	25.84
	3790
	53.87
	[65]



	17
	2,6-dione, 8-(3-ethoxypropylamino)-1,3-dimethyl-3,9-dihydro purine
	281
	281
	26.19
	2159.4
	10.67
	[66]



	18
	Estradiol
	272
	272
	26.54
	2320
	8.40
	[67]



	19
	Diisooctyl phthalate ester (internal standard)
	390
	149
	25.765
	2525
	14.99
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Table 8. Phytochemical compounds identified by LC-MS/MS in crude methanolic extracts of mature (Km) fruits of K. pinnata in positive (TIC 1) and negative (TIC2) ion modes.
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	Peak No.
	Compound Name (TIC 1)
	ID Ret. Time
	[M-H]+
	Base Peak m/z
	Area%
	Compound Class
	References





	1
	Verminoside
	0.71
	525
	383
	8.744
	Iridoid
	[68]



	2
	Pinnatal
	12.09
	339
	339
	21.394
	Quinones
	[69]



	3
	Kigelinol
	19.42
	325
	281
	20.522
	Quinones
	[70]



	4
	Isokigelinol
	22.01
	325
	281
	12.576
	Quinones
	[70]



	5
	Kigelinone
	21.37
	259
	259
	14.226
	Quinones
	[70]



	Peak No
	Compound name (TIC 2)
	ID Ret. Time
	[M-H]-
	Base Peak m/z
	Area %
	Compound class
	



	1
	Minecoside
	0.70
	536
	387.15
	8.429
	Iridoid
	[71]



	2
	7-hydroxy-10-deoxyeucommiol
	0.90
	187
	187.00
	8.651
	Iridoid
	[72]



	3
	3-(2-hydroxyethyl)-5-(2-hydroxypropyl)-4,5-dihydrofuran-2(3H)-one
	1.89
	187
	187.00
	7.389
	Iridoid
	[72]



	4
	Coffeic acid
	3.51
	179
	179.10
	14.063
	Phenolic acid
	[71,72]



	5
	Sitosterol
	6.33
	413
	81.10
	9.179
	sterol
	[71,72]



	6
	Verbascoside
	7.07
	623
	623.30
	7.320
	Iridoid
	[73]



	7
	Isoverbascoside
	7.30
	623
	623.25
	7.341
	Iridoid
	[73]



	8
	Chlorogenic acid
	7.92
	353
	193.15
	5.645
	Phenolic acid
	[71,72]



	9
	Isopinnatal
	12.35
	337
	293.20
	36.284
	Quinone
	[73,74]



	10
	Ferulic acid
	13.84
	193
	193.10
	12.910
	Phenolic acid
	[72]



	11
	Norviburtinal
	22.00
	145
	145.95
	8.625
	Iridoid
	[74]
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Table 9. IC50 of ethyl acetate and methanolic extracts of mature fruits (Km) of K. pinnata.
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Cell Line

	
IC50 (µg/mL)

	




	
Methanolic Extract

	
Ethyl Acetate Extract

	
Doxorubicin Drug (DOX)






	
Huh-7 (liver cancer)

	
65.55 ± 0.19 b

	
112.74 ± 0.37 a

	
1.04 ± 1.01 c




	
PANC-1 (pancreatic cancer)

	
10.34 ± 0.91 b

	
24.25 ± 2.08 a

	
0.74 ± 0.31 c




	
Colo-205 (colorectal cancer)

	
52.92 ± 0.24 b

	
78.70 ± 3.30 a

	
0.9 ± 0.01 c




	
HT-29 (colorectal cancer)

	
91.32 ± 2.41 b

	
87.02 ± 1.19 a

	
1.12 ± 0.04 c




	
SNU-16 (gastric carcinoma)

	
8.69 ± 3.79 b

	
13.56 ± 0.04 a

	
0.59 ± 0.31 c




	
SW620 (colorectal adenocarcinoma)

	
6.79 ± 1.37 b

	
25.15 ± 1.97 a

	
0.88 ± 0.24 c




	
HCT116 (colon carcinoma)

	
27.1 ± 0.31 b

	
78.66 ± 0.86 a

	
1.15 ± 0.07 c




	
THLE2 (ormal liver cells)

	
546.75 ± 4.90 a

	
443.87 ± 1.01 b

	
128.14 ± 0.53 c








The values are the means of three replicates with standard deviation (±SD). Duncan’s multiple tests (p ≤ 0.05) found no statistically significant differences between the values in each column with the same letter.
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