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Gonggan (Citrus reticulata Blanco var. gonggan) is one of the most popular citruses. In this study, the effect of Gonggan peel extract (GPE) on gastric injury was investigated. The components in GPE were analysed by HPLC and the gastric injury model in mice was established by ethanol/hydrochloric acid. After treatment by GPE, the pathological changes of gastric tissue were observed by optical microscope. The levels of oxidative stress and inflammation were measure by kit. And the mRNA expression of related gene was determined by qPCR assay. HPLC result showed GPE mainly contained the flavonoids narirutin, hesperidin, nobiletin, tangeretin and 5-demethylnobiletin. Morphological and pathological analysis of gastric tissue revealed that GPE could relieve gastric injury. Also, GPE increased the levels of SOD, GSH-Px, and CAT and decreased the level of MDA. Moreover, GPE decreased the levels of the inflammatory cytokines TNF-α, IFN-γ, IL-1β, and IL-6 to suppress inflammation. In addition, the q-PCR results showed that GPE upregulated the mRNA expression of SOD1, SOD2, γ-GCS, GSH-Px, CAT, and IκBα and downregulated the mRNA expression of NF-κB. In conclusion, GPE alleviated gastric injury caused by ethanol/hydrochloric acid by inhibiting oxidative stress and the inflammatory response. The mechanism by which GPE protects gastric tissues may involve the antioxidative pathway. Therefore, GPE has great potential to be developed as a product to prevent gastric injury.
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INTRODUCTION
Citrus is the largest category of fruit in the world, which has a long history of cultivation in China (Liu et al., 2012). Moreover, citrus has high healthcare, medical and economic value (Liu et al., 2012). The peel of citrus fruit contains a variety of bioactive substances, such as essential oil and flavonoids (Gao et al., 2018; Tripoli et al., 2007; Asikin et al., 2012). Pharmacological studies have shown that bioactive compounds in citrus peel are active ingredients, with antioxidant (Zou et al., 2016), anti-inflammatory (Chen et al., 2017; Gabriele et al., 2017), lipid metabolism-regulating (Toth et al., 2016), anticancer (Ke et al., 2015), neuroprotective and other biological activities (Cirmi et al., 2016). The Gonggan (Citrus reticulata Blanco var. gongan) is abundant in Guangdong Province of China. The annual output of it was over 320,000 tons (Cai et al., 2021). And Gonggan is rich in nutrition and unique in taste, so it is popular among the people. After Gonggan is picked, a large amount of by-products, such as peel, fruit seeds, will be produced. There are few researches on the application and activity of flavonoids in Gonggan peel, only the study of its antibacterial effect was reported (Deng and Chao, 2013). Therefore, related research about the utilization of active ingredients in peel residue needs to be explored, which provides an opportunity for the development of citrus industry and human health (Ledesmaescobar and Castro, 2014).
With the development of economy, alcoholic beverages have become one of the main beverages in people’s daily life, especially in occasions such as weddings and parties. The total alcohol consumption per capita increased from 5.5 L in 2005 to 6.4 L in 2016 in the population aged over 15 years (World Health Organization, 2019). Excessive drinking is a factor leading to more than 200 diseases and injuries (World Health Organization, 2019). Thus, it is of great significance to study the related diseases caused by alcohol. Gastric injury is a common clinical disease, and alcohol is an important factor that induces gastric injury (Qin et al., 2019). Ethanol is the main component of liquor and alcoholic beverages. High concentrations of ethanol can not only directly erode gastric mucosal tissues, but also cause the production and release of many free radicals and inflammatory mediators, which leads to gastric injury (Zhang et al., 2006; Raish et al., 2018). As a common solvent, ethanol residues are strictly limited in food and pharmaceutical products. Flavonoid monomers have good anti-inflammatory and antioxidant properties. Citrus peels are rich in flavonoids, but there are few studies on the physiological activities of citrus peel extract in gastric injury models. Based on gastric injury caused by alcohol is a common phenomenon, the study of citrus peel extract to protect against gastric injury not only helps to promote the research of gastric diseases, but also makes full use of the waste of citrus peel.
In this study, we used the Gonggan peel extract (GPE) and established acute gastric injury in mice induced by ethanol/hydrochloric acid to evaluate the effect of GPE. The mouse gastric lesion area, pathological changes, biochemical indicators, and cytokines, were examined. Moreover, the expression of related genes was measured by q-PCR to elucidate the possible mechanism of GPE. This study provides experimental support for the utilization and exploitation of citrus peel.
MATERIALS AND METHODS
GPE Preparation
Gonggan (Citrus reticulata Blanco var. gonggan from Yulin City, Guangxi Zhuang Autonomous Region, China) peel was removed and crushed into powder after being freeze-dried in lyophilizer (Ningbo Scientz Biotechenology Co., Ltd. Ningbo City, China). One hundred grams of dried citrus peel powder was added to 80% ethanol with a liquid-to-material ratio of 20:1 and then heated at 80°C for 4 h (Sharma et al., 2019). AB-8 macroreticular resin (Beijing Solarbio Science and Technology Co., Ltd. Beijing, China) was used to purify the crude extract. The macroporous adsorption resin was eluted by 90% ethanol (5 BV) and the eluent rate was 15 ml/min (Nie et al., 2017). Ethanol eluent was combined and evaporated under reduced pressure. The residue was freeze-dried and then ground to produce powder of GPE. The total flavonoids of GPE were obtained by detecting the absorbance at the wavelength of 500 nm (Evolution 300 ultraviolet spectrophotometer, Thermo Fisher Scientific, Inc. Waltham, MA, United States) with rutin as the standard substance according to the literature (Liu et al., 2019).
Determination of GPE Composition
We accurately weighed 2 mg of each of the following: narirutin, hesperidin, nobiletin, tangeretin, and 5-demethylnobiletin (Shanghai Yuanye Biological Technology Co., Ltd. China). Then, the standard substances were dissolved in methanol (HPLC grade) individually to afford standard solutions of different concentrations. Then, 5 mg of GPE was dissolved in methanol (1 ml). This sample solution was filtered through a microporous membrane (0.22 μm) to afford the test solution.
The chromatographic separation conditions were carried out as follows: a liquid chromatography system (UltiMate3000 HPLC System, Thermo Fisher Scientific, Waltham, MA, United States) with a Welch C18 column (4.6 × 250 mm long, 5 μm) was used, mobile phase A was acetonitrile (HPLC grade), and mobile phase B was 0.5% glacial acetic acid aqueous solution. The mobile phase gradient was as follows: 0 min, 12% A; 0–20 min 25% A; 20–35 min 45% A; 35–40 min, 100% A. The flow rate was set at 0.5 ml/min, and the column temperature was 35°C. The injection volume was 5 μl, and the detection wavelength was 285 nm. The sample solution and standard solutions of different concentrations were analysed under these conditions. The compounds in GPE were analysed according to the chromatographic peak area of the standard substance.
Determination of Antioxidant Capacity in Vitro
The antioxidant capacity of GPE in vitro was studied. GPE was dissolved in absolute ethanol to prepare gradient concentration of test solution (0.1–0.8 mg/ml). The antioxidant capacity of GPE was evaluated by measuring 2,2′-diphenyl-1-picrylhydrazyl radical (DPPH˙), 2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS˙+), hydroxyl radical (HO˙) scavenging activity following the method previously reported (Kavoosi and Amirghofran, 2017).
Animal Models and Treatments
Fifty specific pathogen-free (SPF) Kunming mice aged 6 weeks (20 ± 2 g, male, from Chongqing Medical University, Chongqing, China) were kept at 25°C with humidity of 50 ± 5%, alternating between day and night for 12 h. After adaptive feeding for a week, mice were divided into five groups with 10 mice in each group: the normal group (control), model group, the low-concentration GPE group (GPE-L group), the high-concentration GPE group (GPE-H group), and the ranitidine group. Ranitidine could reduce gastric acid and pepsin activity, which is often used as a positive agent in gastric injury (Liu et al., 2019). All mice in the normal group were fed a normal maintenance diet and drank water. The GPE powder was dispersed in 0.5% carboxymethylcellulose sodium aqueous solution to prepare GPE solution for gavage. Mice in the GPE-H group and GPE-Lgroup were intragastrically administered 300 (6 mg/ml) and 150 (3 mg/ml) mg/kg GPE daily, respectively. Mice in the ranitidine group were intragastrically administered 50 mg/kg ranitidine daily. The mice in model and normal group were intragastrically administered same volume of 0.5% carboxymethylcellulose sodium aqueous solution. After 14 days drug treatment (before established gastric injury model), the average weight of each group of mice is about 38 g. And the mice with smooth fur move normally and react quickly. On the 15th day, all mice were fasted for 24 h, and the mice, except those in the normal group, were intragastrically administered a solution of anhydrous ethanol and 15% hydrochloric acid (volume ratio = 4:6, 0.1 ml/10 g) (Zhao et al., 2013; Suo et al., 2016). After 0.5 h, mice were anesthetized with ether, and then blood was collected from the orbital sinus. Subsequently, the mice were sacrificed by cervical dislocation. Blood was centrifugated at 3,000 rpm/min for 10 min, the supernatant was collected and stored at −80°C for further serological analysis. The gastric tissue was cut along the great curve of the stomach and photographed. Formula (1 - gastric injury area of sample treated mice/gastric injury area of injured group mice × 100%) was used to calculate the inhibitory rate of gastric injury. Part of the gastric tissue was resected for histopathological examination. The remaining tissues were stored at −80°C for further analysis.
Histological Analysis of Gastric Tissue
After fixation in 10% formalin solution for 48−h, gastric tissue (∼0.5 cm2) was dehydrated, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. An optical microscope was used to examine the pathological changes in the gastric tissue (BX43 microscope, Olympus, Tokyo, Japan). Histological score of gastric tissues was evaluated according to the method previously reported (Amirshahrokhi and Khalili, 2015): 1) mucosal edema (score 0–4), 2) hemorrhage (score 0–4), 3) inflammatory cell infiltration (score 0–3), and 4) epithelial cell loss (score 0–3).
Determination of SOD, CAT, GSH-Px and MDA Levels in Gastric Tissue
A 10% tissue homogenate was obtained by grinding the gastric tissue in a 0.9% sodium chloride solution. After centrifugation at 10,000 rpm/min for 15 min, the supernatant of the 10% tissue homogenate was collected for analysis. The levels of SOD (catalog number: A001-1–2), GSH-Px (catalog number: A005-1–2), CAT (catalog number: A007-1-1) and MDA (catalog number: A003-1–2) in gastric tissue were analysed by using corresponding test kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China). The tissue homogenate was processed according to the kit instructions, and the absorbance was measured at the required wavelength in Varioskan LUX Multimode Microplate Reader Fluoroskan (Thermo Fisher Scientific, Waltham, MA, United States).
Determination of EGF, SS, TNF-α, IFN-γ, IL-1β, and IL-6 in Serum
After the serum thawed, the serum levels of EGF (catalog number: H031), SS (catalog number: H092), TNF-α (catalog number: H052-1), IFN-γ (catalog number: H025), IL-1β (catalog number: H002), and IL-6 (catalog number: H007-1-1) were measured by Mouse ELISA Kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China). After treating the serum according to the kit instructions, the absorbance was measured at 450 nm in Varioskan LUX Multimode Microplate Reader Fluoroskan (Thermo Fisher Scientific, Waltham, MA, United States) to calculate the content.
Quantitative PCR
The gastric tissue (50 mg) was minced in 1 ml Trizol reagent (Invitrogen, Carlsbad, CA, United States). The homogenate was added to 200 μl of trichloromethane and the mixture was left on ice for 5 min. After centrifuged at 14,000 rpm/min for 15 min, the supernatant was added with equal volume of isopropanol. The solution was centrifuged at 14,000 rpm/min for 15 min. Then, the supernatant was discarded and the precipitation was cleaned with the solution of enzyme free water and ethanol (volume ratio = 1:3). After centrifuged at 14,000 rpm/min for 15 min, residue was dissolved in 20 μl enzyme free water to afford the total RNA. The purity and concentration of the total RNA were tested via ultra-microspectrophotometry (Nano-100, All for Life Science, Hangzhou, Zhejiang, China), The RNA was diluted to a concentration of 1 μg/μl with enzyme free water. Reverse transcription kit (Tiangen Biotech Co., Ltd., Beijing, China) was used to synthesize cDNA template. Oligo (dT) primer (9 μl) was added into the solution of diluted RNA (1 μ) and enzyme free water (10 μl), then the mixed solution was put into the polymerase chain reaction (PCR) equipment at 65°C for 5 min. After cooling, the reaction system was added with 4 μl of 5× reaction buffer, 1 μl of RiboLock RNase inhibitor, 2 μl of 10 mM dNTP mix, and 1 μl of RevertAid Reverse transcriptase. The cDNA template was synthesized in PCR equipment at 42°C for 60 min and 70°C for 5 min. A solution of SYBR Green PCR Master Mix (10 μl) and cDNA template (1 μl) was added to the upstream and downstream primers (Table 1, 1 μl) to prepare the qPCR reaction system. The reaction was carried out at Applied Biosystems StepOnePlus ™ Real-Time PCR Instrument (Thermo Fisher Scientific Co., Ltd., Massachusetts, United States) as follows: 95°C for 90 s, 40 cycles of 95°C for 30 s, 60°C for 30 s, 72°C for 30 s, then 95°C for 30 s, and 55°C for 35 s. The 2−ΔΔCt method was used to calculate relative gene expression, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a housekeeping gene.
TABLE 1 | Sequences of primers used in this study.
[image: Table 1]Statistical Analysis
The experimental data were analysed with SPSS 17.0 (SPSS Inc. Chicago, IL, United States) and GraphPad Prism seven statistical software (GraphPad Software Inc. La Jolla, CA, United States). The results are expressed as the mean ± standard deviation. Comparisons among groups were made by Kruskal-Wallis ANOVA, post hoc Dunn’s multiple comparison test (non-parametric tests). A value of p ≤ 0.05 indicated that the difference was statistically significant.
RESULTS
Composition Analysis of GPE
The total flavonoids in GPE were determined to be 11.7%. The regression equations of flavonoid standards were shown in Table 2, where x is the concentration of flavonoids and the y is the peak area tested by HPLC. The HPLC results (Figure 1) showed the flavonoids monomer in GPE as follows: narirutin (11.9 mg/g), hesperidin (84.9 mg/g), nobiletin (24 mg/g), tangeretin (27.2 mg/g), and 5-demethylnobiletin (9.9 mg/g).
TABLE 2 | The regression equations of flavonoid standards.
[image: Table 2][image: Figure 1]FIGURE 1 | Flavonoids in GPE (A) Standard chromatograms; (B) Flavonoid constituents of GPE: 1. narirutin; 2. hesperidin; 3. nobiletin; 4. tangeretin; 5.5-demethylnobiletin.
The Scavenging Activity of GPE
Figure 2 shows that as the concentration of GPE was increased, the ability to scavenge free radicals was gradually increased. When the GPE concentration is 0.8 mg/ml, the scavenging rates of DPPH˙, ABTS˙+ and OH˙ are 80.8,88.2, and 72.2%, respectively.
[image: Figure 2]FIGURE 2 | Radical scavenging activity of DPPH˙, ABTS˙+ and OH˙. Data are shown as means ± SD (n = 3).
Inhibition of Gastric Injury
After treatment with ethanol/HCl solution, the gastric mucosa was severely damaged in the model group (Figure 3). Compared with the model group, the gastric injury of treatment group was relieved to varying degrees. It was obvious that the damage in the GPE-L group was more serious than that in the GPE-H and ranitidine groups. By calculating the gastric injury area with ImageJ software, the inhibition of gastric injury in each group could be directly compared. As shown in Table 3, the area of gastric injury in the model group was largest, which was significantly different from that of GPE-H and ranitidine group (p < 0.05). The inhibition rates of gastric injury in the treatment groups were increased to different degrees. There were no significant differences between the treatment groups. However, inhibition rates of gastric injury in GPE-H and ranitidine groups were more similar to that in the normal group.
[image: Figure 3]FIGURE 3 | Images of stomach specimens from mice of each group. ranitidine, mice treated with 50 mg/kg ranitidine; GPE-H, mice treated with 300 mg/kg GPE; GPE-L, mice treated with 150 mg/kg GPE.
TABLE 3 | The gastric injury area and gastric injury inhibitory rate of mice.
[image: Table 3]Histopathological Examination of Gastric Tissue
As shown in Figure 4, the structure of the epithelium was complete and continuous, and the glandular structure was arranged in order. In the model group, the surface structure of the gastric mucosa was seriously damaged, which had a disordered arrangement of glands. After treatment with GPE and ranitidine, the damage to gastric tissues was alleviated to a certain extent. Epithelial cells exhibited less necrosis, and the arrangement of glands was more orderly than that in the model group. The protective effect of GPE was dose-dependent. The results showed that GPE protected the gastric mucosa from injury induced by ethanol/hydrochloric acid to a certain extent. As shown in Table 4, compared with the model group, the injury degree of epithelial cells in treatment group was effectively alleviated, while no significant changes of hemorrhage and cell infiltration were observed in treatment groups.
[image: Figure 4]FIGURE 4 | Histopathological observation of gastric tissues sections in mice of the different groups after staining with hematoxylin and eosin (H&E).
TABLE 4 | The pathological changes in gastric mucosa induced by ethanol/HCl in mice.
[image: Table 4]SOD, CAT, GSH-Px, and MDA Levels in Gastric Tissue
Compared to the normal group, ethanol/hydrochloric acid reduced the levels of SOD, CAT, and GSH-Px and elevated the level of MDA in the gastric tissue of the model group (Figure 5, p < 0.05). After treatment with GPE and ranitidine, the overall levels in the GPE-H and ranitidine groups were close to those in the normal group. The SOD level of ranitidine group was not significantly different from that of model group (p > 0.05), indicating that effect of ranitidine on SOD improvement was poor.
[image: Figure 5]FIGURE 5 | Gastric tissue levels of SOD, CAT, GSH-Px and MDA in mice. The data are shown as mean ± SD (n = 8). a–c Mean values with different letters are significant difference (p < 0.05) according to analysis of variance.
Serum EGF, SS, TNF-α, IL-6, IL-1β, and IFN-γ Levels in Mice
As endogenous protective factors, serum EGF and SS levels were significantly reduced in the model group compared with those in normal group (p < 0.05; Figure 6). Compared with model mice, an increase of EGF induced by GPE-H and ranitidine were detected (p < 0.05). However, no significant change of SS level was observed between GPE group and model group.
[image: Figure 6]FIGURE 6 | Serum levels of EGF, SS, TNF-α, IL-1β, IL-6, and IFN-γ in mice. The data are shown as mean ± SD (n = 8). a–c Mean values with different letters are significant difference (p < 0.05) according to analysis of variance.
TNF-α, IL-6, IFN-γ and IL-1β are common proinflammatory cytokines, and their levels could indicate the degree of inflammatory response (Strober and Fuss, 2011; Long et al., 2019). Compared with those in healthy mice, the levels of the inflammatory cytokines TNF-α, IL-6, IL-1β and IFN-γ were evidently increased in mice with gastric injury induced by ethanol/hydrochloric acid (p < 0.05; Figure 6), which showed that the mice were in an inflammatory state. After the mice were administered GPE-H and ranitidine by gavage, the decrease of inflammatory factor IL-6 and IL-1β was obvious compared with gastric injury model mice (p < 0.05), the effect was close to the normal group. A significant difference in TNF-α and IFN-γ levels was detected in GPE-H and ranitidine group in contrast to the model group (p < 0.05), and no significant difference compared with normal mice (p > 0.05). These results indicated that GPE-H and ranitidine efficiently alleviated inflammation.
SOD1, SOD2, GSH-Px, CAT, γ-GCS, NF-κB, and IκBα mRNA Expression Levels in Gastric Tissue
The mRNA expression of the antioxidant-related genes SOD1, SOD2, γ-GCS, GSH-Px, and CAT in gastric tissue was examined to explain the mechanism of GPE. The NF-κB pathway was also examined. The results showed that the mRNA expression levels of SOD1, SOD2, GSH-Px, CAT, γ-GCS and IκBα were significantly suppressed, and the mRNA expression of NF-κB was enhanced in the model mice compared with the normal mice (p < 0.05, Figure 7). GPE-H and ranitidine upregulated GSH-Px, CAT, γ-GCS and IκBα mRNA expression levels and simultaneously downregulated NF-κB mRNA expression levels at different degree compared with those in the model group (p < 0.05). Compared with the model group, ranitidine did not significantly increase the mRNA expression level of SOD (p > 0.05), but GPE-H had obvious effect on increasing that of SOD (p < 0.05), which was close to the normal group level. The results are consistent with the biochemical result.
[image: Figure 7]FIGURE 7 | mRNA expression levels of SOD1, SOD2, CAT, γ-GCS, GSH-Px, NF-κB p65 and IκBα in gastric tissue of the different groups were investigated by qPCR. The data are shown as mean ± SD (n = 8). a–c Mean values with different letters are significant difference (p < 0.05) according to analysis of variance.
DISCUSSION
At present, more than 60 kinds of flavonoid monomers have been identified in citrus. According to their structures, they can be divided into five categories: flavones, flavanones, flavonols, flavanols and anthocyanins (Gao et al., 2018). Flavanones are the most abundant flavonoids in citrus. The common aglycones are hesperitin and naringenin. They exist in the form of glycosides, mainly rutinoside and neohesperidin (Tripoli et al., 2007). Polymethoxy flavonoids are abundant in citrus fruits, and the most common flavonoids are nobiletin, tangeretin and sinensetin. They show good pharmacological activities (Tripoli et al., 2007). In GPE, the main flavanones were narirutin and hesperidin, and the polymethoxy flavonoids were nobiletin, tangeretin and 5-demethylnobiletin. In the nutrition survey, dietary flavonoid intake varies among people in different regions. The British adult’s dietary intake is 490 mg. The intake of dietary flavonoids of adults is 340 mg in US, which is low in China (Wang et al., 2020). Based on this study, 340 mg was selected as the reference for flavonoid intake. The equivalent dose ratio was obtained between humans and animals based on body surface area. The conversion factor between mouse (20 g) and human (70 kg) is 0.0026 (Nie et al., 2018). At the same time, the content of flavonoids in GPE was 16% by HPLC. The calculation process is as follows: 340 mg × 0.0026/0.02 kg/0.16 = 277 mg/kg. Based on the citrus peel extract was used in the literature (Ke et al., 2020), the high dose was finally determined to be 300 mg/kg and the low dose to be 150 mg/kg.
Ethanol, as an organic solvent, exerts strong corrosiveness on the gastric mucosa (Zhao et al., 2015). During ethanol metabolism in vivo, neutrophils release oxygen free radicals, which induce endothelial injury and microcirculatory disturbances, resulting in gastric mucosal injury (Alrashdi et al., 2012; Beiranvand and Bahramikia, 2020). As one of the components of human gastric juice, hydrochloric acid can promote the necrosis and abscission of gastric mucosa epithelium, and cause the rupture of vascular wall cells to accelerate gastric injury (Hamauzu et al., 2007). Pathological sections and morphological images of gastric tissue showed that the area of gastric injury and the shedding of gastric mucosal were reduced by GPE.
As one of the important protective factors of the gastrointestinal tract, EGF promotes the proliferation and differentiation of epithelial tissue and accelerates mucosal healing (Hui et al., 1993). SS could inhibit the secretion of gastric acid and pepsin, and promote the healing of gastric injury to protect the gastric mucosa (Pawlikowski and Melen-Mucha, 2003; Schubert, 2009). The results showed GPE had no significant effect on enhancing gastric mucosal defence factors.
Oxygen free radicals are one of the important mechanisms of ethanol-induced gastric injury (Tamura et al., 2013; Bhattacharyya et al., 2014). Excessive production of oxygen free radicals leads to lipid peroxidation. As the final metabolite of lipid peroxidation, MDA content indirectly reflects the degree of ROS attack on gastric tissue (Amirshahrokhi and Khalili, 2016). SOD, CAT and GSH-Px are important antioxidant enzymes that scavenge oxygen free radicals (Ozcan et al., 2013; Tan et al., 2018). GPE could improve the activities of SOD, CAT, and GSH-Px in gastric tissue and reduce MDA level, thus enhancing the antioxidant capacity. Also, studies have shown that stimulation of ethanol/hydrochloric acid can increase proinflammatory factors and trigger an inflammatory response (Wang et al., 2021). On the other hand, ROS promote the release of proinflammatory factors, thereby enhancing the intracellular signal cascade to exacerbate inflammation (Schoonbroodt and Piette, 2000; Reuter et al., 2010; Arulselvan et al., 2016). The results showed that GPE reduced the levels of the proinflammatory cytokines TNF-α, IL-6, IFN-γ and IL-1β to suppress the inflammatory response.
Oxidative stress is one of the important mechanisms of gastric tissue injury and is involved in many pathological processes (Bhattacharyya et al., 2014). Oxidative stress causes oxidative damage to biomolecules, leading to the release of damage-associated molecular patterns and cytokines (Gill et al., 2010). Cytokines can activate signaling pathways downstream of pattern-recognition receptors, such as NF-κB, and mitogen-activated protein kinase (MAPK) (Nakajima and Kitamura, 2013; Gunaseelan et al., 2017). It leads to increase the release of cytokines and chemokines, and then recruit and activate more inflammatory cells. Inflammation is closely related to oxidative stress, and NF-κB is the key link between them (Rodríguez-Ayala et al., 2005). When the body is under oxidative stress, the IκBα protein is degraded and activated to release NF-κB, further causing the production of proinflammatory factors (Lawrence, 2009; Mitchell and Carmody, 2018). Moreover, inflammatory factors, such as TNF-α, could induce the production of oxygen free radicals and promote the “oxidation burst” of neutrophils, to cause tissue damage (Pamir et al., 2009). Oxidative stress and inflammation influence each other by regulating transcription levels, forming a vicious circle. SOD, CAT, GSH-Px, glutathione are typical antioxidants. After the mice were treated with GPE, the mRNA expressions of SOD1, SOD2, CAT, GSH-Px and γ-GCS were enhanced. Furthermore, GPE suppressed the expression of NF-κB and elevated the expression of IκBα to inhibit inflammation, which may be related to its antioxidation abilities.
It is reported that hesperidin, a citrus flavonoid, protected against alcohol or acetic acid induced gastric injury by increasing the levels of SOD, glutathione, and CAT in the gastric mucosa. The protective effect is associated with the reduction of oxidative damage (Selmi et al., 2017; Silva et al., 2019). As the representative polymethoxyflavone compounds found in citrus peels, nobiletin and tangeretin could relieve ethanol-induced gastric injury by its antioxidant and anti-inflammatory activity (Li et al., 2017; Arafa and Islam., 2019). Nobiletin may inhibit the expression of inflammatory cytokines (TNF-α and IL-6) through the MAPK pathway to exert anti-inflammatory effects. Another type of polymethoxyflavone, 5-demethylnobiletin also showed good antioxidant and anti-inflammatory activities in other models (Wang et al., 2018; Wang et al., 2019). Although physiological activity of narirutin in a gastric injury model has not been investigated. But narirutin could restore anti-oxidation capability and inhibit the increase of NF-κB, TNF-α, IL-1β and other pro-inflammatory factors in the ethanol-induced liver injury (Park et al., 2013). Therefore, flavonoids in GPE may work cooperatively to possess anti-oxidant and anti-inflammatory effects, thereby alleviating ethanol/HCl-induced gastric damage. However, the main flavonoids in citrus peel, such as hesperidin and polymethoxyflavones, are poor in water solubility, which limited their bioavailability. Also, this property may also limit the clinical application of citrus peel flavonoids.
CONCLUSION
In summary, GPE mainly contains the flavonoids narirutin, hesperidin, nobiletin, tangeretin and 5-demethylnobiletin. GPE has a protective effect against gastric injury induced by ethanol/hydrochloric acid by increasing antioxidant activity and inhibiting the inflammatory response. The qPCR results revealed that GPE enhanced the expression of antioxidant genes, which explained the possible mechanisms. This current study showed that GPE protected gastric tissue from ethanol/hydrochloric acid.
But improvement of bioavailability and the in-depth mechanism of GPE need to be further studied.
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ABBREVIATIONS
GPE, Gonggan peel extract; HPLC, high performance liquid chromatography; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; CAT, catalase; MDA, malondialdehyde; EGF, epidermal growth factor; SS, somatostatin; TNF-α, tumour necrosis factor-α; IFN-γ, interferon-γ; IL-1β, interleukin-1β; IL-6, interleukin-6; SOD1, copper/zinc superoxide dismutase; SOD2, manganese superoxide dismutase; γ-GCS, γ-glutamylcysteine synthetase; NF-κB, nuclear factor kappa-B; IκBα, inhibitor of NF-κB alpha; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ROS, reactive oxygen species; DPPH, 2,2′-diphenyl-1-picrylhydrazyl; ABTS, 2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).
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Forward: 5'-AACCAGTTGTGTTGTCAGGAC-3'
Reverse: 5'-CCACCATGTTTCTTAGAGTGAGG-3’
Forward: 5'-CAGACCTGCCTTACGACTATGG-3"
Reverse: 5'-CTCGGTGGCGTTGAGATTGTT-3'
Forward: 5'-AGCGACCAGATGAAGCAGTG-3"
Reverse: 5'-TCCGCTCTCTGTCAAAGTGTG-3'
Forward: 5'-CTTCCCTCCCTTCGGATCG-3'
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Data are presented as median values with minimum and maximum values in parentheses. Ranitidine, mice treated with 50 mg/kg ranitidine; GPE-H, mice treated with 300 mg/kg GPE;
GPE-L, mice treated with 150 mg/kg GPE.
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mice treated with 150 mg/kg GPE. ¢ Mean values with different letters in the same
column are significantly different ( < 0.05).
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