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Abstract

:

Figs are the edible fruits of the fig tree, Ficus carica L., that have been used for centuries for human consumption and in traditional medicine, to treat skin problems, inflammation, and gastrointestinal disorders. Our previous study investigated the presence of phenolic compounds in aqueous extracts of two Algerian popular fig varieties, azendjar (Az) and taamriouth (Ta), as well as their in vitro antioxidant activity. In this study, we assessed hydroethanolic extracts of these fig varieties. The total phenolic content was measured, along with the phenolic profile. Rutin was determined to be the dominant phenolic compound, followed by vanillic acid, 3,4-dihydroxybenzoic acid, quercetin, 4-hydroxybenzoic acid, rosmarinic acid (in Az only), and cinnamic acid. The antioxidant activity of the extracts was evaluated both in vitro (DPPH and FRAP assays) and in vivo, in rats intoxicated with carbon tetrachloride. In all assays, the fig extract—especially the dark-peeled fig variety azendjar—showed antioxidant potency. The administration of fig extract resulted in a reduction in liver damage, expressed by both different biochemical markers and histopathological study (less degraded liver architecture, reduced fibrosis, and only mild inflammation). A dose-dependent therapeutic effect was observed. The extract from the dark-peeled fig variety, Az, was characterized by a higher phenolic content and a stronger antioxidant activity than the extract from the light-peeled variety—Ta. Our study justifies the use of figs in traditional healing and shows the potential of using fig extracts in natural medicines and functional foods.
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1. Introduction


Oxidation is fundamental to aerobic life, energizing living organisms for many biological processes [1]. The natural metabolism of oxygen releases reactive oxygen species (ROS) including non-radical species such as hydrogen peroxide (H2O2), hypochlorous acid (HOCl), singlet oxygen (1O2), and free radicals such as hydroxyl (OH−), peroxyl radicals (ROO*), and the superoxide anion (O2−) [2,3]. Free radicals can be generated by exogenous factors like air pollution, chemicals, ionic and non-ionic radiation, and toxic gases. At low concentrations, free radicals perform several beneficial biological functions such as helping phagocyte cells to destroy invading pathogens [1,3], whereas the presence of free radicals in high levels can generate oxidative stress, which leads to numerous dangerous disorders including tissue damage, hepatic and renal diseases, cardiovascular and degenerative problems, diabetes, and extensive lysis [4,5,6].



Several endogenic defense systems in a healthy living organism counteract oxidative stress and balance ROS and antioxidant systems. These antioxidant mechanisms can be enzymatic, including catalase, glutathione peroxidase, and superoxide dismutase enzymes. There are also non-enzymatic mechanisms like uric acid and glutathione [1,7]. When endogenous antioxidant defense mechanisms cannot completely prevent damage, the intake of exogenous antioxidants acting as free radical scavenging molecules is necessary. However, many synthetic antioxidant drugs have different side effects [1,5].



Dietary components are responsible for much of the human body’s antioxidant defense [8]. Nowadays, more emphasis has been placed on the intake of natural foods, which has prompted researchers to seek out bioactive substances with numerous benefits suitable for human consumption [9]. The consumption of fruits and vegetables can reduce the risk of many disorders caused by free radicals, such as cardiovascular diseases and cancer. In this case, bioactive compounds such as polyphenols, flavonoids, and vitamins were considered responsible for the antioxidant activity [4,10,11]. Polyphenols are the most important group of natural antioxidants [12]. Their antioxidant characteristics are caused by their redox properties, which allow them to operate as reducing agents and hydrogen donors [13].



Ficus carica L., commonly known as the fig tree and belonging to the Moraceae family, is one of the oldest cultivated trees in the world [14]. It is widely grown in the Mediterranean region, where its fruits are mainly consumed as food [15]. Besides their dietary usefulness, its fruits have long been used to treat various disorders, such as gastrointestinal, cardiovascular, respiratory, and inflammatory issues [16].



Fig fruits are a rich source of primary nutrients, including vitamins, carbohydrates, fatty acids, and minerals [17]. They were reported to contain the highest levels of antioxidant polyphenols among commonly available fruits in the diet [18]. These polyphenols are mainly located in the peel and are highly present in fruits with a dark peel color [15].



Algeria is a Mediterranean country and is known as one of the leading countries in the production of fig fruit for fresh and dried consumption, with more than 48 varieties of different peel colors. In a previous study, we examined the chemical composition of the aqueous extract of the two most famous varieties in the mountainous region of Algeria, azendjar and taamriouth, which have dark and light peel colors, respectively. The study confirmed that the Az variety, with a dark peel color, has a higher concentration of polyphenolics, compared to the Ta variety. The amount of rutin in the Az and Ta varieties of lyophilized fig extract was 84.16 ± 6.15 and 7.46 ± 0.76 µg/g, respectively, according to the HPLC-DAD analysis of the aqueous extract. The antioxidant potency of the aqueous extract of these two varieties was confirmed in vitro against DPPH and ABTS free radicals, as well as by using the FRAP technique [19].



The aim of this study is to analyze the chemical composition and antioxidant capacity of hydroethanolic extracts from fig fruits of the Az and Ta varieties, both in vitro and in vivo, against the oxidative damage caused by carbon tetrachloride in rats.




2. Results and Discussion


The present study is structured with dual objectives. The first aim was to investigate the phenolic compounds present in the extracts of both varieties of F. carica fruit for their antioxidant activity in vitro. The second aim was to validate the antioxidant capacity in vivo. The obtained results are presented below.



2.1. Phytochemical Identification of Plant Extract Using HPLC-DAD


Analyses were performed according to our previously published method [19]. Table 1 and Figure 1 presents the results obtained for the ethanolic extract of the studied fig fruits.



HPLC-DAD analysis revealed the presence of seven phenolic compounds. The phenolic acids detected in both extracts are 3,4-dihydroxybenzoic acid (protocatechuic acid), 4-hydroxybenzoic acid, and vanillic acid, with a dominant presence in the hydroethanolic extract of the Az variety, except for cinnamic acid, which was more abundant in the extract of the Ta variety, with 1.38 ± 0.13 µg/g of extract. Rosmarinic acid was found only in the extract of the Az variety, at a level of 0.87 ± 0.35 µg/g of extract. The flavonoids identified in the studied hydroethanolic extracts were rutin and quercetin.



The content of the phenolic compounds was higher in the extract of the Az variety with the dark peel color (Figure 1). In the limits of the standards, rutin was the major flavonoid presented in our F. carica fruit extracts, at levels of 140.64 ± 2.79 and 35.16 ± 0.27 µg/g of extract for the Az and Ta varieties, respectively, which is equivalent to 8.95 ± 0.17 mg/100 g DW and 2.54 ± 0.02 mg/100 g DW of fig fruit. Our previous study, investigating aqueous lyophilized extracts, confirmed the dominance of rutin in these two varieties, compared to the other phenolics. The hydroethanolic extract gave a higher amount than the aqueous ones, demonstrating amounts of 84.16 ± 6.15 and 7.46 ± 0.76 µg/g of aqueous extracts of the Az and Ta varieties, respectively [19]. These results are in line with those of Pereira et al. [20], who reported the amount of rutin as the major phenolic to range from 4.6 to 11.9 mg/100 g in the acetone extract of nine fig varieties, with the dark-colored varieties showing the highest levels.



Our results surpass those obtained by Faleh et al., [21] who reported values of rutin ranging from 2.363 ± 0.201 to 4.820 ± 0.32 mg/100 g DW in acidified aqueous extracts from 17 Tunisian fig cultivars. However, our values are lower than those found for the peel and pulp methanolic (80%) extract of figs, which registered as 18.2 and 9.5 mg/100 g FW, respectively [22]. The latter study also confirmed the dominance of rutin compared to other phenolic compounds. Studies by Soltana et al. [23], using LC-QTOF analysis of the methanolic extract of four Tunisian fig varieties, also demonstrated that rutin is the most dominant phenolic compound found in figs, with the highest amounts in the dark-peeled varieties (30.326 ± 2.178 mg/100 g), as opposed to the light-peeled ones (10.778 ± 0.39 mg/100 g). Several previous studies also reported that rutin is the major flavonoid found in figs [14,21,24]. Rutin has various pharmacological properties, including its vasoprotective, cytoprotective, cardioprotective, and neuroprotective potential. It is one of the most potent antioxidant agents used to treat and prevent cancer and neurodegenerative disorders [25,26,27].



Regarding quercetin, our results are higher than those of Faleh et al. [21], reporting amounts ranging from 0.057 ± 0.027 to 0.250 ± 0.036 mg/100 g DW. Quercetin is a flavonoid found in several plants and is known for its medicinal and pharmacological properties such as its anti-diabetic, anti-inflammatory, antioxidant, antimicrobial, anti-Alzheimer, anti-arthritic, cardiovascular, and wound-healing effects [28].



Concerning protocatechuic acid, our results are lower than those obtained by Viuda-Martos et al. [29], who found it at levels of 3.27 ± 0.03 and 6.22 ± 0.09 mg/100 g in the peel of fruits and 7.45 ± 0.04 and 8.11 ± 0.03 mg/100 g in the pulp of Spanish figs. Protocatechuic acid or 3,4-dihydroxy benzoic acid is known for its anti-inflammatory, anti-hyperglycemic, anti-ulcerous, antispasmodic, antioxidant, anti-cancer, anti-tumor, anti-aging, anti-atherogenic, anti-asthma, antibacterial, and neurological properties [30].



A study with HPLC analysis of three fig cultivars from Slovenia indicated several other phenolic compounds that were not detected in our extracts, such as gallic, syringic, and chlorogenic acid [31]. The difference in varieties can explain this, or, as reported in the literature, the amount of different bioactive chemicals in plants may be influenced by cultivation methods, geographical origin, and climatic and pedoclimatic conditions [32].



Many other analyses on the biochemical compounds of F. carica fruit extracts, performed using HPLC-DAD, have reported the presence of a large number of bioactive composites such as (-)-epicatechin, (+)-catechin [31], 5-O-caffeoylquinic acid, 3-O-caffeoylquinic acid [21], luteolin, apigenin, and catechin [29]. We intentionally avoided using the most efficient, but toxic, solvents to extract the most polyphenols from figs, in order to obtain safe extracts to test in vivo and, potentially, scale for the production of pharmaceutical raw materials.



In summary, our study confirms that F. carica. fruit extracts are a good source of bioactive compounds, which are responsible for the vast benefits of pharmacological activities.




2.2. Extraction Yields, Total Phenolic Content, and Antioxidant Activity In Vitro


The total phenolic content (TPC) was estimated using the Folin–Ciocalteu method, with gallic acid as the standard for the calibration curve. Th in vitro antioxidant activity was expressed as IC50 for the DPPH assay and as mmol Fe(II)/100 g of extract for the FRAP assay. All results are presented in Table 2.



2.2.1. Extraction Yield


After the rotary evaporation, the extracts of the two varieties gave a pasty aspect, of dark brown and yellowish-brown color, with a yield of 10.15% and 9.95% for the Az and Ta varieties, respectively. Our results are in agreement with those of Soni et al. [33], who reported a yield of 11.47% for Indian fig extract, obtained with maceration in a mixture of four solvents (acetone, dichloromethane, ethyl acetate, and methanol). The extraction yield varies depending on the nature of the extract, the polarity of the extraction solvent, temperature, pH, and extraction time; it can even vary depending on the part of the plant subjected to extraction [34,35]. An aqueous mixture of acetone, ethanol, and methanol has been widely used to extract bioactive compounds from medicinal plants [36]. Bioactive phenolic compounds are ideally extracted using a mixture of water and ethanol for their extraction [37]. Mixtures of the appropriate organic solvent with water seem to be the best to obtain fractions rich in polyphenols [38]. This explains the use of the ethanol–water mixture in our hydroalcoholic extraction.




2.2.2. Total Phenolic Content


The hydroethanolic extract of the Ta variety, with a light peel color, exhibited a lower TPC of 339.44 ± 10.33 GAE mg/100 g of extract, the equivalent of 245.57 ± 7.47 GAE mg/100 g DW of fig. This value was significantly different compared to the dark-peeled Az variety, which had a TPC of 403.66 ± 32.11 GAE mg/100 g of extract, equivalent to 257.06 ± 20.44 GAE mg/100 g DW of figs. The comparison of our results with the literature is hindered by differences in the solvent used, the unit of measurement, and the standard used for the calibration curve. It was reported that the mixture of water and alcohol can greatly affect the extractability of phenolic compounds, compared to monocomponent solvents [39]. Our findings are in agreement with those of Bachir bey and Louaileche [40], for the hydro-acetonic extract of nine varieties of fig fruits, including the Az and Ta varieties. The TPC ranged from 482.62 mg GAE/100 g to 644.11 mg GAE/100 g DW, with the highest value observed in dark fruits. Our TPC results are higher than those obtained for the methanolic (80%) extracts of five Albanian fig cultivars, where the total polyphenol content varied from 45.24 to 160.42 GAE mg/100 g DW [41]. The results of our present investigation are lower than those obtained for the ethanolic extract of South African fruits, reporting an amount of 104.67 ± 5.51 mg GAE/g of extract [42].



Although there are many differences in the amount of polyphenols present in figs, which are due to the type of solvent used for extraction [43] and the variety of fig [44], multiple studies have agreed that the dark-peeled fig varieties are richer in phenolic compounds than the light-peeled fig varieties [18,44].




2.2.3. In Vitro Antioxidant Activity


	-

	
DPPH assay







The in vitro investigation of the antioxidant properties of plant extracts should include a DPPH assay for anti-free radical activity. The principle of the assay is the reduction of the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) to 2,2-diphenyl-1-hydrazine, in the presence of an antioxidant [45]. The results are expressed by calculating the inhibitory concentration (IC50) of the extracts compared to ascorbic acid, which was used as the standard, as mentioned in the Materials and Methods section. The lowest value of IC50 indicates the most potent ability of the sample to act as an antioxidant [44]. Both extracts exerted an antioxidant capacity against DPPH radicals, with the greatest effect exerted by the extract of the Az variety, with an IC50 of 0.417 ± 0.032 mg/mL, which was a highly significant difference from the Ta extract potency (0.582 ± 0.015 mg/mL). Our results are in line with those obtained by Palmeira et al. [46], who reported IC50 values of 0.46 ± 0.01 and 1.13 ± 0.05 mg/mL in 80% ethanolic extracts of the peel and pulp of a Portuguese variety of F. carica fruit. Our results are also supported by the results obtained for the ethanolic (70%) extracts of five cultivars of Croatian figs, reporting IC50 values ranging from 0.3947 to 0.7448 mg/mL [47]. The ethanolic extract of southern African figs showed a more potent antiradical activity against the DPPH radical, with an IC50 of 0.134 ± 0.018 mg/mL [42].



The literature supports the higher potency of the Az variety, with the dark peel, compared to the Ta variety, with the light peel. Aljane et al. [48] reported that the DPPH scavenging activity in purple–black ecotypes was more potent compared to that of the green ones, with average values of 50.25% and 26.95%, respectively. This was also confirmed by the study of the DPPH scavenging activity of Algerian fig varieties, which showed that the dark varieties have stronger antiradical activities against DPPH than the light ones, with mean values of 41.63 and 31.3%, respectively [40]. This was also supported by the results obtained from the methanolic extracts of five Albanian cultivars [41].



The antioxidant power of our extracts is expected to result from the presence of polyphenols, as proposed by Solomon et al. [49], who indicated that flavonoids and polyphenols are responsible for antioxidant activity. Phenolic matrices are a vibrant source of phytochemicals, which have many health benefits, including their ability to act as free radical scavengers [50].



	-

	
FRAP assay







Several factors make it difficult to compare our results with those reported in the literature, such as the different working protocols used, the different molecules used as standards, the different units of expression of the results, etc. However, this does not prevent us from highlighting the results of researchers who have studied the antioxidant activity of figs using the FRAP assay, which is the most striking and closest to our working conditions. The results obtained are expressed in mmol Fe2SO4/100 g per extract and per DW of figs. The hydroethanolic extract of the Az variety had a more potent FRAP activity, compared to the extract of the Ta variety, with a highly significant difference p ≤ 0.01 and values of 31.55 ± 1.43 mmol Fe (II)/100 g of extract and 26.08 ± 0.66 mmol Fe (II)/100 g of extract, respectively. The result obtained from the Az variety is in line with those obtained by the aqueous extract of the same variety in our previous study, which reported a value of 30.00 ± 3.25 mmol Fe (II)/100 g of the lyophilized extract, with p > 0.05. In comparison, the hydroethanolic extract of the Ta variety has shown a potent activity compared to the aqueous extract of the same variety, with a significant difference, which reported the value of 18.87 ± 2.62 mmol Fe (II)/100 g of the lyophilized extract [19]. Hssaini et al. [51] studied the FRAP assay of extracts from 11 fig varieties. Trolox was the standard used. The values of fig extracts ranged from 100 ± 4 to 1065 ± 18 mmol TE/100 g DW, confirming the potency of the dark peel color varieties compared to the light ones. The fig seeds extracted with 50% methanol had the highest antioxidant activities, when using the FRAP assay, with 8504 mg FeSO4/kg DW [43]. Pande and Akoh [52] reported FRAP test values ranging from 0.1 mM to 1.16 mM TE/100 g fresh fruit in brown figs, values which are inferior to our results.



Dark-peeled figs showed a valuable antioxidant potency, when using the FRAP assay, compared to light figs, which was supported in the literature [51].





2.3. In Vivo Antioxidant Activity


During or after the 14-day long administration of the hydroethanolic extracts studied, no behavioral abnormalities or deaths were observed in the test animals of the Az and Ta fig varieties at doses of 250, 350, 500, and at the highest dose of 2000 mg/kg bw.



2.3.1. Variation of Body Weight


After 24 h of intraperitoneal injection (IP) of CCl4, a significant or even very highly significant weight loss, compared to the initial weight, was observed in all intoxicated groups, with growth rates ranging from −3.41% to −10.02%. This loss was followed by a weight recovery in all the batches treated with the extracts of the two varieties of figs and the group STD, treated with vitamin C, with growth rates ranging from −2.86 to 5.22% (Table 3). This weight recovery was impaired in group T+, which received no treatment, with a growth rate of −8.38% and ** p < 0.01, compared to the first day of the experiment. Our results are in agreement with those obtained by Truong et al. [53] and Dutta et al. [54], who highlighted the loss of body weight in CCl4-intoxicated mice. Decreased body weights from CCl4 intoxication are generally attributed to acute liver toxicity, evidenced by significant weight loss [55]. The oral administration of the hydroethanolic extracts of fig fruits and vitamin C restored weight gain. The F. carica extracts did not hinder the growth of the rats, which showed a continuous increase in body weight from the beginning of the treatment. The rats treated with the extracts demonstrated the ability to recover and regain weight, due to their efficiency in counteracting the induced hepatotoxicity, thus promoting the growth recovery of the rats. Such a correlation was also observed by Nemiche et al. [56] for nickel-intoxicated rats treated with the aqueous extract of the Ta variety of F. carica fruits.




2.3.2. Determination of Biochemical Parameters


The determination of the hepatic biochemical parameters is presented in Table 4.



The results indicate that the intraperitoneal injection of carbon tetrachloride induced a highly significant (p ≤ 0.001) increase in serum transaminases (AST and ALT), bilirubin (BILT and BILD), and alkaline phosphatase compared with normal control rats, as well as treated rats. This is confirmed by several studies that have established the hepatotoxic effect of CCl4 on the serum liver parameters in rats [57,58]. These important metabolic enzymes are initially present in the cytoplasm of the liver cells and, in the event of liver disease, infiltrate into the bloodstream, in accordance with the extent of liver damage [59]. For this reason, increased blood levels of these enzymes serve as an indication of liver injury [60], confirming the hepatic damage caused by CCl4.



Treatment with fig hydroethanolic extracts reduces transaminases, bilirubin, and alkaline phosphatase in a dose-dependent manner. This indicates that these extracts protect hepatocytes against CCl4 and decrease intracellular enzyme leakage, thereby preserving the plasma membrane. Indeed, it has been reported that aqueous extracts, methanolic crude extracts, and n-hexane extracts of F. carica fruits decreased liver transaminases, ALP, and bilirubin in a dose-dependent manner in mice intoxicated with carbon tetrachloride [61], which is consistent with our results. Similarly, the aqueous extract of the Ta variety of figs induced a decrease in AST, ALT, and ALP in rats intoxicated by nickel [56]. In rats, serum AST and ALT levels decreased under pretreatment with F. carica fruit extract, in the gamma-induced hepatotoxicity model [62]. In addition, treatment with figs, as a diet, decreased serum transaminase levels (AST and ALT) against oxidative stress and ethanol-induced hepatotoxicity in rats [63].



The damage mechanism of CCl4 can be explained as oxidative damage caused by lipid peroxidation, which starts after the conversion of CCl4 to free radicals [64]. These reactive metabolites then damage the membranes of organelles and liver cells, leading to the release of cytosolic enzymes such as alanine aminotransferase and aspartate aminotransferase into the circulating blood [65]. The hepatoprotective effect of fig extracts seems to be due to the inhibitory nature of the phytochemicals they contain. According to Molehin et al. [66], phytochemicals are capable of inhibiting microsomal enzymes to restrict the generation of free radicals and to limit lipid peroxidation, through their antioxidant capacity. The effects exerted by the extracts of the fruits of F. carica are similar, or even better, to those exerted by ascorbic acid at a dose of 50 mg/kg bw, which has been used as a reference hepatoprotector. Ascorbic acid has been reported to normalize serum alanine and aspartate aminotransferase, alkaline phosphatase, and serum bilirubin levels in intoxicated animals. It is an important scavenger of free radicals in extracellular fluids and protects biomembranes from the damage caused by peroxides, by decreasing lipid peroxidation [67].




2.3.3. Determination of Oxidative Stress Parameters


	-

	
Determination of tissue proteins







The highest liver protein content was marked in the T- group (7.81 ± 0.25 µg/mg of tissue), with a significant difference from the other groups (Figure 2). In contrast, the T+ group had the lowest protein content (6.24 ± 0.17 µg/mg of tissue), with *** p ≤ 0.001, compared to all other groups. All groups treated with the first dose of both extract varieties marked values lower than the standard (7.16 ± 0.03), while the groups treated with the second dose had higher values, with *** p ≤ 0.001. It is noted that the treatment with the Az extracts marked the levels of liver tissue protein closest to the negative control. The Dose 2 group, treated with the 600 mg/kg bw dosage, had higher values than the Dose 1 (300 mg/kg bw) group.



Our study showed a highly significant decrease in liver tissue protein levels following CCl4 intoxication. At the same time, there was a remarkable dose-dependent increase when treated with the plant extracts and the vitamin C used as the standard. Our results agree with several recent studies investigating plant extracts’ effect on tissue protein levels, following CCl4-induced intoxication in the liver [68,69,70].



Carbon tetrachloride can induce cellular hypo-methylation, inhibiting protein synthesis (possibly through the hypo-methylation of ribosomal RNA) and abnormalities in lipid and protein metabolism [71]. CCl4 is transformed into free radicals. The production of ROS can damage the cell by altering the fluidity of membranes and damaging lipids, proteins, and DNA; free radicals such as hydroxyl radicals can damage proteins and, consequently, can lead to various results in various pathophysiological disorders [68].



	-

	
Determination of malondialdehyde (MDA)







MDA is one of the end products formed during the decomposition of polyunsaturated fatty acids by free radicals [72]. It is the most widely used marker to study lipo-peroxidation.



Hepatic MDA levels in the negative control rats not poisoned with CCl4 were 43.66 ± 10.59 nmol/g tissue, a highly significant difference compared to other groups. Treatment with F. carica extracts at 600 mg/kg bw exerted a significant MDA-lowering effect, compared with the standard group (85.45 ± 1.16 nmol/g tissue). Extracts exerted a dose-dependent effect, with the Az variety extracts being more potent than the Ta variety extracts. The intraperitoneal injection of CCl4 induces a highly significant increase in hepatic MDA levels, increasing lipid peroxidation. Our results were in agreement with several studies that have addressed lipoperoxidation in rats following CCl4 intoxication [73,74]. The hepatotoxic effects of carbon tetrachloride metabolism are due to its metabolite, the trichloromethyl radical, which binds covalently to macromolecules and induces the peroxidative degradation of endoplasmic reticulum membrane lipids rich in polyunsaturated fatty acids. This leads to the formation of lipid peroxides, which, in turn, produce a product such as MDA. The process of the peroxidation of biomolecules is the leading cause of the hepatotoxicity of CCl4. The increase in hepatic MDA levels in CCl4-treated rats suggests that the natural antioxidant defense mechanism for scavenging excessive free radicals has been compromised [75].



As shown in Figure 3, both extracts of the fruits significantly reduced MDA levels in liver homogenates, in a dose-dependent manner. This effect of decreasing MDA levels has been supported in several studies investigating the efficacy of extracts from F. carica fruits in mitigating the elevation of MDA levels induced by various toxic agents [56,63].



Our in vitro study showed that the phenolic compounds in F. carica fruits are important antioxidants. Furthermore, these results supported the beneficial effect of F. carica in maintaining the integrity and function of hepatocytes. These effects may be due, at least in part, to its antioxidant activity.



Almost all phenols can act as lipid peroxidation antioxidants because they scavenge the chain-carrying lipid peroxyl radicals [76,77]. Rudrapal et al. [78] mentioned some phenolic compounds that act against the accumulation of lipid peroxidation products including quercetin, which we found in our extracts. Rutin, the major flavonoid in our extracts, showed a promising effect in the significant inhibition of MDA levels in the liver tissue of CCl4-intoxicated rats [74].



	-

	
Determination of catalase (CAT)







Hepatic tissue catalase levels are expressed in mmol H2O2/mg protein and are presented in Figure 4.



The lowest catalase levels were recorded in positive control rats, T+, (277.72 ± 3.49), with *** p ≤ 0.001, compared to other groups. The control group, T-, that was not intoxicated scored an average of 668.25 ± 15.76, with a significant difference from the other groups, except the Az group treated with Dose 2 (p > 0.05). Compared to the standard group, STD, treated with vitamin C, treatment with extracts at 600 mg/kg bw showed a better effect, while treatment with 300 mg/kg bw gave a lower impact than the standard (with *** p ≤ 0.001). CAT activity is a commonly used test that can provide information about the cell’s antioxidant defense system. Catalase, an enzymatic antioxidant, circulates widely in all animal tissues, with the highest activity found in red blood cells and the liver [79]. Catalases are enzymes that help the cell defend against oxidative stress by neutralizing hydrogen peroxide [80]. The reduced activity of these enzymes, therefore, leads to a number of adverse effects, due to the accumulation of hydrogen peroxide and superoxide radicals [79].



In this study, the CCl4 intoxication of rats resulted in reduced CAT activity in the liver. This is in agreement with several previous studies that have addressed the determination of catalase in tissues following intoxication [68,69,74]. The administration of F. carica extracts enhanced CAT activity in rats with CCl4-induced liver injury to prevent the accumulation of unwanted free radicals and to protect the liver from the effects of intoxication. Our results are supported by those of Hira et al. [61], who reported the dose-dependent CAT-enhancing activity of F. carica extracts.



The power of F. carica extracts to improve CAT levels is due to their richness in antioxidant phenolic compounds. Several phytochemicals, such as rutin, salidroside, and naringenin, have been reported to have catalase-stimulating activity in rats, following CCl4 intoxication [64]. Some other studies showed that the administration of polyphenol-rich extracts significantly increased the activity of antioxidant enzymes, notably catalase [54,81,82].




2.3.4. Histological Study


The histological study of the liver highlighted several aspects, as shown in Figure 5.



The microscopic appearance of liver tissue from healthy rats (T-) presents a normal physiological appearance with well-structured and delineated centrilobular veins, biliary ducts, and portal spaces. Several studies that focused on the histological study of rat liver tissue presented the same aspect [83,84,85].



Microscopic examination of the liver tissue from CCl4-intoxicated rats in the positive control group (T+) reveals the destruction of the tissue architecture (A in Figure 5), expressed by the presence of polymorphs in the centrilobular vein, inflammatory infiltrates, congestion in the centrilobular vein, and macrovascular hepatic tissue steatosis. The exact appearance of liver tissue in rats intoxicated with CCl4 at the same dose and protocol was also observed by Ojeaburu and Oriakhi [86], where the observation of large intra-cytoplasmic fat vacuoles (macrovesicular steatosis), vascular congestion, and extensive periportal inflammatory infiltrates were reported.



The liver tissue from rats in the standard group (STD) showed moderate congestion of the centrolobular vein, general preservation of the liver tissue, and a mild inflammatory infiltrate, compared with T+. The liver tissue from CCl4-intoxicated rats treated with vitamin C at 300 mg/kg bw showed reduced vacuolization compared to T+, small vacuoles, and fewer mitotic hepatocytes than T+ [87].



The tissues from rats treated with 300 mg/kg of the Az variety extract exhibited a less intense moderate inflammatory infiltrate compared to the positive control, with dilatation of the sinusoids and portitis lesions. In contrast, tissues from rats treated with Dose 1 of the Ta variety extract showed dilatation of the centrolobular vein and moderate disruption of tissue architecture. Within the limits of the fragments studied, the treatment of rats with the 300 mg/kg dose showed a marked hepatoprotective effect compared to T+ and was similar to that of STD, which was more pronounced in rats treated with extracts of the Az variety.



The liver tissue from rats treated with the Az variety extract at a higher dose (Dose 2)—600 mg/kg bw—showed general tissue preservation, a slight inflammatory infiltrate organized in clusters, and slight congestion of the centrolobular vein. A similar observation was carried out for rats treated with the Ta variety (Dose 2), with a slight dilation of veins and inflammation of the portal spaces. The preservation was dose-dependent. The histological study of the liver revealed that rats treated with a higher dose of 600 mg/kg bw had less damaged liver than those treated with 300 mg/kg. This dose-dependent hepatoprotective effect of fig extracts was also observed by Hira et al. [61]. They reported that the administration of methanolic, n-hexane, and aqueous extracts of F. carica fruits reversed the gross damages observed in the liver cell architecture, in a dose-dependent manner. Even in the case of hepatotoxicities induced by other hepatotoxic agents, fig fruits have shown their hepatoprotective action on the histological scale. Nemiche et al. [56] demonstrated nickel-induced oxidative damage on the histological level of the liver. At the same time, the administration of fig extract improved the restoration of liver alterations in rats. Furthermore, it was reported that consuming figs in a diet had a hepatoprotective effect against ethanol-induced hepatotoxicity, where histological sections showed an absence of hydropic degeneration, necrosis, coagulation in hepatocytes, and fibrosis [63].



The structure of the livers of rats treated with F. carica extracts became more similar to the liver structure of the healthy subjects, as the dosage increased. This demonstrates that treatment with these extracts could accelerate the ability of liver cells to regenerate after CCl4-induced oxidative stress. This finding is consistent with what Turan and Celik [63], as well as Nemiche et al. [56], have reported in their studies.



In light of all the above, the present study justifies the use of figs in traditional medicine and their current use as nutraceuticals, by demonstrating its richness in various antioxidants, which, when consumed, contribute to reducing the risk of several disorders related to oxidative stress. The main future purpose of our study is to develop new treatments based on natural medicinal plant materials with fewer side effects than artificial ones. Figs are a promising fruit in the future of natural medicine and functional foods.






3. Materials and Methods


3.1. Reagents


The phenolic compounds were sourced from Sigma-Aldrich (Merck, Darmstadt, Germany). The standards set included gallic acid monohydrate (5995-86-8), 3,4-hydroxybenzoic acid (99-50-3), 4-hydroxybenzoic acid (99-96-7), chlorogenic acid (327-97-9), vanillic acid (121-34-6), caffeic acid (331-39-5), 3-hydroxybenzoic acid (99-06-9), syringic acid (530-57-4), trans-ferulic acid (537-98-4), rutin hydrate (207671-50-9), ellagic acid (476-66-4), rosmarinic acid (20283-92-5), cinnamic acid (140-10-3), quercetin dihydrate (6151-25-3), and chrysin (480-40-0). Methanol (67-56-1) of HPLC grade (Riedel de Haen) and formic acid (64-18-6) of LC-MS grade (Fluka) were obtained from Honeywell (Seelze, Germany). Water (7732-18-5) of HPLC grade was generated in-house, using a Hydrolab SPRING water treatment station (Hydrolab, Straszyn, Poland). Carbon tetrachloride (65-23-5), used for the in vivo study, was from Merck. For the histological study, the formaldehyde solution (50-00-0) was from Biochem Chemopharma (Cosne-Cours-Sur-Loire, France). Acetone (67-64-1) and toluene (108-88-3) were from Sigma-Aldrich. Hematoxylin (517-28-2) and eosin (548-24-3) were from Prochima-sigma (Tlemcen, Algeria). For the total phenolic compounds determination, Folin–Ciocalteu reagent (FCR) and gallic acid monohydrate (5995-86-8) were from Sigma-Aldrich. Sodium carbonate (497-19-8) was from Fluka. The in vitro antioxidant assay reagents such as 2,2-diphenyl-1-picrylhydrazyl (1898-66-4), 2,4,6-tris(2-pyridyl)-s-triazine (3682-35-7), iron(II) sulfate heptahydrate (7782-63-0), and sodium acetate (127-09-3) were from Sigma-Aldrich. Ferric chloride (7705-08-0) was from VWR chemicals (Avantor, Radnor, PA, USA). Ethanol (64-17-5), methanol (67-56-1), and hydrochloric acid (7647-01-0) were from Riedel-de Haën (Honeywell, Charlotte, NC, USA). Sodium chloride (7647-14-5) 0.9% was from Biolyse laboratory (Rouiba, Algiers, Algeria). Ascorbic acid (50-81-7) was from Sigma-Aldrich. Kits used for the determination of the various biochemical parameters were from EliTechGroup Sées (Sées, France). For the study of the oxidative stress enzymatic parameters, potassium chloride (7447-40-7), bovine serum albumin (9048-46-8), trichloroacetic acid (76-03-9), 2-thiobarbituric acid (504-17-6), 1,1,3,3-tetramethoxypropane (102-52-3), hydrogen peroxide solution (7722-84-1), Coomassie Brilliant blue G 250 (6104-58-1), and n-butanol (71-36-3) were from Sigma-Aldrich.




3.2. Plant Samples


Fruit specimen varieties were first identified by experts of ITAFV (Technical Institute for Fruit Trees in Algiers, Algeria). The fruits were harvested from Aghbal (36°30′10″ N 1°50′45″ E, Tipaza, north of Algeria). The specimens are known as the azendjar (Az) and taamriouth (Ta) varieties and have dark and light peel colors, respectively. Voucher specimens were placed at the herbarium of the Department of Biological Sciences of Mostaganem University (Mostaganem, Algeria) (UM/09/2020).




3.3. Drying Procedure


The fruits were arranged in a layer and exposed to sunlight for ten days while being protected from humidity [88]. The figs were cut into small pieces, lyophilized under vacuum for 48 h, and then crushed into a fine powder. The powder was stored in shaded, sealed glass containers at −20 °C until further use.




3.4. Crude Extract Preparation


A hydro-ethanolic extract was prepared, following the method reported by Gilani et al. [89]. The fine powder was macerated in a mixture of 80% ethanol in distilled water (8:2/V/V), in the proportion of 25 g of powder per 100 mL of solvent, with magnetic stirring (300 rpm) at 24 ± 4 °C for 72 h. The resulting homogenate was double-filtered through a muslin cloth (0.25 mm mesh size) and Whatman filter paper N°1. The extraction was repeated and the resulting filtrates were combined. The solvent of the filtrate was evaporated under a vacuum, with a rotary evaporator, at 45 °C. The residue was a thick paste of dark brown and yellow-brown color for the Az and Ta varieties, respectively. The extracts were kept in the fridge at −20 °C until further use. The percentage yields of the extracts were calculated as follows [90].


  Extract   yield   percentage =   weight   of   extract   weight   of   plant   powder   × 100  












3.5. HPLC-DAD of Fruit Extract


The extracts were analyzed in triplicate using an in-house method developed by the authors, with a Dionex Ultimate 3000 system (Thermo Fischer, Carlsbad, CA, USA) and a diode array detector (DAD). The column used was C18 and the eluent was a mixture of methanol and 0.1% formic acid in water. The exact analysis conditions and analytical parameters of the developed method are presented in our previous article [19].



For this study, 14 phenolic compounds were used as standards, as follows: gallic acid, 3,4-hydroxybenzoic acid (3,4-HBA; protocatechuic acid—PCA), 4-hydroxybenzoic acid (4-HBA; p-hydroxybenzoic acid—PHBA), chlorogenic acid, vanillic acid, caffeic acid, 3-hydroxybenzoic acid (3-HBA, m-hydroxybenzoic acid), syringic acid, ferulic acid, rutin, rosmarinic acid, cinnamic acid, quercetin, and chrysin. The identification of the compounds was based on retention time, UV absorption spectrum, and the addition of standards to the analyzed extract samples. Results are expressed as µg/g of extract and in mg per 100 g of fig DW (dry weight).




3.6. Total Phenolic Content (TPC)


Total phenolic content was estimated according to the method described by Singleton and Rossi [91]. Briefly, 200 µL of the extract was added to an 800 µL Folin–Ciocalteu reagent (FCR) (diluted in distilled water at a ratio of 1/10), before 1 mL of a mixture of 7.5% (w/v) sodium carbonate was added. The absorbance of the mixture was measured at 765 nm, after incubation for one hour at room temperature, against a reagent blank. Gallic acid was used as a standard for establishing the calibration curve (R2 = 0.999).




3.7. In Vitro Antioxidant Activity


The antioxidant capacity of the fig varieties was evaluated in vitro using the DPPH radical scavenging method and their ability to reduce compounds by donating electrons (FRAP method).



3.7.1. DPPH Assay


The DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity was determined as follows: A mixture of 2 mL, containing 50 µL of the extract and 1950 µL of DPPH solution (60 µM) prepared in methanol, was prepared and kept at 23 ± 2 °C for 30 min. Absorbance was measured at 515 nm against a control containing the extraction solvent and DPPH reagent only. A calibration curve was constructed with ascorbic acid and was used as a positive control for quantifying the antioxidant activity.



The percentage of inhibition of DPPH radical or radical scavenging activity (RSA) was calculated as follows:


  R S A   %   =     Abs   control − Abs   sample     Abs   control   × 100  











RSA—otherwise known as IC50 or 50% inhibitory concentration—is the concentration responsible for scavenging 50% of DPPH radical (sample concentration range from 0 to 1 mg/mL) [92].




3.7.2. Ferric Ion Reducing Antioxidant Power (FRAP)


The assay was performed as follows [93,94]: FRAP reagent was freshly prepared by mixing three stock solutions of sodium acetate buffer (0.3 M, pH = 3.6), 20 mM of FeCl3 (in demineralized water), and 10 mM of 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) in a 40 mM HCl solution, in a ratio of 10:1:1. The mixture was warmed in a water bath for 6 min. In total, 50 µL of each extract or standard solution was added to 1500 µL of FRAP reagent. The mixture was incubated for 5 min at 23 ± 2 °C. Absorbance was measured at 594 nm against the control. Iron (II) sulfate heptahydrate was used as the standard for the calibration curve and the results were expressed as micrograms of ferrous sulfate equivalents per gram of DW.





3.8. Determination of the Antioxidant Activity In Vivo


A total of 75 Wistar female rats (Rattus norvegicus domestica), weighing approximately 180 ± 15 g, were purchased from the Pasteur Institute Kouba, Algiers, Algeria; housed in polypropylene cages (21.5 × 15.5 × 8 feeder); and transported to the animal research facility of the Mostaganem University, Algeria. The rats were kept in a specific-pathogen-free environment and under controlled conditions, as follows: temperature (22 ± 2 °C) and light cycle system (12 h darkness, 12 h brightness). The acclimatization period was 14 days, with ad libitum access to water and food, which were dry pellets obtained from the National Livestock Feed Office (N.L.F.O) in Bouzaréat, Algeria. The in vivo studies were conducted according to the European Communities Council Directive (2010/63/EU) for animal experiments and the protocol employed was approved by the Ethical Committee (University of Mostaganem) under the inscription number 01/LPAP-SNV/23.



3.8.1. Acute Toxicity Test (ATT)


The test was performed according to guideline 425 of the Organization for Economic Cooperation and Development (OECD) [95]. Forty rats were divided into eight groups (A to H) of five rats each, with similar body weight and received, via intragastric gavage (IGG), the doses of Az and Ta hydroethanolic fig extract, respectively, at 250 mg/kg (body weight) (for A and B groups); 350 mg/kg body weight (bw) (for C and D groups); 500 mg/kg bw (for E and F groups); and 2000 mg/kg bw (for G and H groups). The rats were observed for any signs of toxicity, such as convulsions, diarrhea, and increased locomotion, after the first 6 h of extract administration and then daily for 14 days [96].




3.8.2. In Vivo Antioxidant Activity


Thirty-five rats were divided into seven groups of similar body weight (n = 5), with the first group serving as a negative control that received no intoxication or treatment; groups 2 to 7 were intoxicated with a single dose of CCl4 (1.25 mL/kg in olive oil (1:1); IP) to induce hepatic damage [86]. After the CCl4 injection, rats were subjected to daily intragastric gavage (IGG) for seven days with distilled water for groups 1 and 2 as negative and positive control groups (healthy and intoxicated with no treatment, respectively); ascorbic acid (vitamin C) at 50 mg/kg bw dissolved in 0.9% NaCl as a standard group 3; extracts of Az and Ta varieties at a dose of 300 mg/kg bw, respectively, for groups 4 and 5; and extracts of Az and Ta varieties at a dose of 600 mg/kg bw, respectively, for groups 6 and 7.




3.8.3. Monitoring of Rat Body Weight


The body weight of the rats was monitored on a regular and daily basis. It was measured in grams (g), with a Scaltec SBA 52 balance, and the growth rate of the rats from day one was expressed as a percentage and calculated according to the following formula [97]:


  Growth   rate   %   =     W d − W d   0     W d   0   × 100  








where Wd is the weight on the day of weighing and Wd 0 is the weight on the first day of the study.




3.8.4. Biochemical Analysis


On day 8, a blood sample was collected from the rats, who were slightly anesthetized, via a puncture in the retro-orbital sinus at the level of the eye, using capillary tubes with microhematocrit. The blood was collected in tubes containing an anticoagulant (0.1% heparin) and was centrifuged at 2000 rpm for 10 min using a HETTICH model Rotofix 32 centrifuge. The serum obtained was used to determine the hepatic enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP), as well as total bilirubin (BILT) and direct bilirubin (BILD) [98,99,100,101,102]. The rats were euthanized and a ventromedial dissection was performed; the liver was removed and rinsed with ice-cold physiological water and divided into two parts; one part was used for histological study and the other part was stored at −86 °C for the study of oxidative stress enzymatic parameters.





3.9. Tissue Assay of Oxidative Stress Parameters


3.9.1. Preparation of the Cytosolic Fraction of Tissues


A total of 1 g of liver was added to 9 mL of potassium chloride solution (0.15 M) at 4 °C. The mixture was homogenized with a Dounce homogenizer and then centrifuged at 3000 rpm for 20 min at 4 °C [103].




3.9.2. Determination of Tissue Proteins


Proteins were determined according to the Bradford technique [104]. Briefly, 50 µL of the cytosolic fraction was added to 2 mL of Coomassie Blue Reagent. The mixture was vortexed and incubated for 5 min at 23 ± 2 °C. Absorbance was measured at 595 nm against a blank. Bovine serum albumin (BSA) was used as a standard, under the same conditions, for a calibration curve, with concentrations ranging from 0 to 1 mg/mL.




3.9.3. Malondialdehyde (MDA) Determination


In total, 0.5 mL of the tissue homogenate, 0.5 mL of trichloroacetic acid (TCA 20%), and 1 mL of thiobarbituric acid (TBA) 0.67% were mixed. The mixture was vortexed and incubated in a water bath at 100 °C for 15 min. The mixture was then cooled and 4 mL of n-butanol was added. After centrifugation for 15 min at 3000 rpm, the supernatant was collected and the optical density was measured at 532 nm, against a blank. The calibration curve was prepared under the same conditions with 1,1,3,3-tetramethoxypropane concentrations ranging from 0 to 10 nmol. Results are expressed as nmol/g tissue [105].




3.9.4. Cytosolic Catalase (CAT) Determination


A 1 mL reaction mixture contained 780 µL phosphate buffer (pH = 7.4, 0.1 M), 200 µL hydrogen peroxide (0.5 M), and 20 µL sample homogenate. Absorbance was measured at 240 nm. Results are expressed as mmol H2O2/mg protein, using the following equation: [80,106].


  C A T [ m m o l     H   2     O   2   / m i n / m g   P r o ) =     Δ D o     ε × W × Y   m g   p r o t e i n    








where



ΔDo: Delta of absorbance measurements



ε: Molar linear extinction coefficient = 0.0436 mM



W: Width of the measuring vessel in cm = 1 cm



Y: Protein content in mg/mL





3.10. Histological Analysis


The histological study was effectuated according to the protocol of Cardiff et al. [107]. The liver sections were cut and stained with hematoxylin and eosin, then examined microscopically for histopathological changes.




3.11. Statistical Analysis


The HPLC analyses, TPC, and in vitro antioxidant tests were performed in triplicate.



In vitro data were expressed as the mean ± standard deviation (SD), while the in vivo were expressed as mean ± standard error of the mean (SEM), using software XLSTAT version 2020.4. The Tukey post hoc test was used to analyze differences between groups after a one-way analysis of variance (ANOVA). A value of * p < 0.05 indicated significance, ** p ˂ 0.01 indicated high significance, and *** p ˂ 0.001 indicated very high statistical significance.





4. Conclusions


Our results show that our hydroethanolic F. carica fruit extracts, especially the azendjar variety, are rich in several phenolic compounds, with a dominance of rutin. In vitro, the extracts exerted a potent antioxidant capacity in both DPPH and FRAP assays, where the azendjar variety of the dark peel color indicated the strongest potency. In vivo tests have shown that the extracts helped to reduce the damages caused by carbon tetrachloride intoxication, presented by the increases in serum enzymes, the decreases in catalase activity, and histological damage to the liver tissues. These results confirm the antioxidant activity of the extracts and their potential to reduce the risk in some conditions connected with oxidative stress such as cancer, aging, and inflammatory diseases.
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	analysis of variance



	ALT
	alanine aminotransferase



	ALP
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	aspartate aminotransferase



	ATT
	acute toxicity test



	Az
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	bilirubin direct
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	bilirubin total
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	bovine serum albumin



	bw
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	GAE
	gallic acid equivalent



	DPPH
	2,2-diphenyl-1-picryl-hydrazyl



	DW
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	FW
	fresh weight



	FRAP
	ferric ion reducing antioxidant power



	HPLC-DAD
	high-performance liquid chromatography with diode array detection



	IC50
	half-maximal inhibitory concentration



	IGG
	intragastric gavage



	IP
	intraperitoneal



	ITAFV
	Technical Institute for Fruit Trees in Algiers, Algeria



	MDA
	malondialdehyde



	NLFO
	National Livestock Feed Office



	OECD
	Organization for Economic Cooperation and Development



	ROS
	reactive oxygen species



	RSA
	radical scavenging activity



	SEM
	standard error of the mean



	SD
	standard deviation



	Ta
	taamriouth



	TBA
	thiobarbituric acid



	TCA
	trichloroacetic acid



	TE
	Trolox equivalent
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Figure 1. HPLC−DAD chromatograms (257 nm) of hydroethanolic extracts of azendjar (A, blue) and taamriouth (B, black) fig varieties. 
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Figure 2. Hepatic protein assay, expressed in µg/mg tissue. Values are given as mean ± SEM (n = 5). Two symbols indicate p < 0.01; three symbols indicate p < 0.001 significantly different. Symbols: * compared to T+, # compared to STD, δ compared to T-, a’ is a comparison between groups treated with Dose 1 (300 mg/kg); b’ is a comparison between groups treated with Dose 2 (600 mg/kg). 
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Figure 3. Hepatic MDA assay expressed in nmol/g tissue. Values are given as mean ± SEM (n = 5). Two symbols indicate p < 0.01; three symbols indicate p < 0.001 significantly different. Symbols: * compared to T+, # compared to STD, δ compared to T-, a’ is a comparison between groups treated with Dose 1 (300 mg/kg); b’ is a comparison between groups treated with Dose 2 (600 mg/kg). 
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Figure 4. Hepatic catalase levels assay expressed in mmol H2O2/mg protein. Values are given as mean ± SEM (n = 5). Two symbols indicate p < 0.01; three symbols indicate p < 0.001 significantly different. Symbols: * compared to T+, # compared to STD, δ compared to T-, a’ is a comparison between groups treated with Dose 1 (300 mg/kg); b’ is a comparison between groups treated with Dose 2 (600 mg/kg). 
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Figure 5. Histology sections of hepatic tissues (HE) × 40 (A): negative control group, (B): positive control group, (C): standard group (Vit C), (D): treated group with the Az F. carica extract at 300 mg/kg, (E): treated group with the Ta F. carica extract at 300 mg/kg, (F): treated group with the Az F. carica extract at 600 mg/kg, and (G): treated group with the Ta F. carica extract at 600 mg/kg. cv: centrilobular vein; Ha: hepatic arteriole; Bc: bile duct; Fs: fibrous septa; Ps: portal space; St: steatosis; Cong: congestion; Pn: polynuclear. 
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Table 1. Values of determined chemical compounds of ethanolic extracts from Az and Ta varieties of F. carica fruits.
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Component

	
Retention Time

[min]

	
Mass Per 100 g of Fig DW [mg]

	
Mass Per 1 g of Fig Extract [µg]




	
Az

	
Ta

	
Az

	
Ta




	
Average

	
RSD [%]

	
Average

	
RSD [%]

	
Average

	
RSD [%]

	
Average

	
RSD [%]






	
3,4-dihydroxybenzoic acid

	
8.63

	
1.892

	
2.5

	
0.744

	
2.1

	
29.72

	
2.5

	
10.28

	
2.1




	
4-hydroxybenzoic acid

	
12.70

	
0.585

	
2.7

	
0.625

	
1.7

	
9.19

	
2.7

	
8.64

	
1.7




	
vanillic acid

	
14.95

	
2.771

	
3.5

	
1.761

	
3.9

	
43.51

	
3.5

	
24.34

	
3.9




	
rutin

	
28.88

	
8.957

	
2.0

	
2.544

	
0.8

	
140.64

	
2.0

	
35.16

	
0.8




	
rosmarinic acid

	
30.44

	
0.055

	
40.2

	

	

	
0.87

	
40.2

	

	




	
cinnamic acid

	
33.93

	
0.049

	
4.3

	
0.100

	
9.3

	
0.77

	
4.3

	
1.38

	
9.3




	
quercetin

	
35.61

	
0.644

	
2.9

	
0.151

	
3.8

	
10.11

	
2.9

	
2.09

	
3.8











 





Table 2. Extraction yields, TPC, and antioxidant activity in vitro with DPPH and FRAP assays of F. carica fruit extracts.
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Studied Parameter

	
Extraction Yields

	
Total Phenolic Content (TPC)

	
In Vitro Antioxidant Activity




	
DPPH Assay

	
FRAP Assay




	
Unit of Measurement

	
%

	
mg GAE/100 g of Extract

	
mg GAE/100 g DW of Figs

	
IC 50 mg/mL

	
mmol Fe (II)/100 g of Extract

	
mmol Fe (II)/100 g DW of Figs






	
Az variety

	
10.15

	
403.66 ± 32.11 *

	
257.06 ± 20.44

	
0.417 ± 0.032 1***

0. 655 ± 0.050 2***

	
31.55 ± 1.43 **

	
20.09 ± 0.91




	
Ta variety

	
9.95

	
339.44 ± 10.33

	
245.57 ± 7.47

	
0.582 ± 0.015 1

0.804 ± 0.021 2

	
26.08 ± 0.66

	
18.86 ± 0.47




	
Ascorbic acid

	
/

	
/

	
0.0995 1

	
/








The data are expressed as a mean ± SD. 1 Result expressed per pure extract/substance, 2 result expressed per dry weight of figs, * p ˂ 0.05 indicates a statistically significant difference, ** p ˂ 0.01 indicates a highly statistically significant difference, and *** p ˂ 0.001 indicates a very highly statistically significant difference between the results of the Az variety and those of the Ta variety.













 





Table 3. Evolution of body weight of rats in the differently treated groups during the experiment. T-: (no intoxication, untreated); T+: (intoxicated, untreated); STD, Dose 1, and Dose 2 (intoxicated, treated with vitamin C 50 mg/kg, fig extracts 300 mg/kg, and 600 mg/kg bw, respectively).
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