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Abstract  

Grapefruit is commonly consumed around the world due to its nutritional and 

medicinal properties. Ulcerative colitis (UC) accounts for an inflammatory 

bowel disease (IBD) accompanied by irritation, recurrent inflammation, and 

ulceration of the colon's mucosa. Our objective was to assess the 

antiinflammatory and antioxidant impacts of grapefruit juice (GFJ) in rat with 

UC induced by acetic acid (AA). There were five groups made up of 35 mature 

male rats. Group 2 served as a positive control with UC, whereas group 1 was 

preserved as a negative control. For 8 weeks, groups 3, 4, and 5 received UC 

while also given 2.5, 5 or 10% of GFJ orally. Feed efficiency ratio (FER), body 

weight growth (BWG), and feed intake (FI) were computed. From rat eye 

orbital plexuses blood samples were taken to separate the serum after 

centrifugation.  The aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) activity were assessed utilizing serum samples. The 

antioxidant enzymes catalase (CAT), glutathione peroxidase (GPx), and 

superoxide dismutase (SOD) in serum were quantified. Serum inflammatory 

cytokines as tumor necrosis factor alpha (TNFα), interleukin 1 β (IL1 β), IL6 

and IL8, as well as triglycerides (TG) and total cholesterol (TC) were 

measured. In liver homogenate, glutathione (GSH) and malondialdehyde 

(MDA) were determined. Additionally, histopathology of the colon was 

accomplished. Our findings specified that GFJ at 10% significantly decreased 

FI, BWG and FER, cytokines TNFα, IL1 β, IL6 and IL8 and TC and TG. Relative 

to the positive controls, the rats treated with GFJ exhibited elevated serum 

concentrations of SOD, GPx, and CAT enzymes. Liver GSH was elevated and 

MDA was reduced. Histopathological examination of the colon showed that 

GFJ at 10% reduced ulcerative colitis. Because grapefruit juice has strong anti-

inflammatory and antioxidant characteristics and reduces oxidative stress and 

inflammation in rats, grapefruit juice, at a concentration of 10%, likely protects 

against ulcerative colitis. Patients with ulcerative colitis may find it helpful to 

consume grapefruit juice as a beverage.   

Key words: Grapefruit, Ulcerative colitis; Biochemical analysis, Anti-

oxidant, Cytokines; Colon   Histopathology. 

1. Introduction 
One of the most popular fruits consumed worldwide are the citrus fruits. They are well-liked for both 

their flavor and nutritional contents. According to Castro-Vazquez et al. (2016), citrus fruits provide a 

rich supply of Vit C, fiber, and flavonoids like naringin, naringinin, and quercetin. One of the fruits that 

people eat the most frequently is grapefruit. Due to its antioxidant, antiinflammatory, and 

neuroprotective properties, naringin from grapefruit guards against epilepticus state in rats (Golechha 

et al. 2011) . 

The health advantages of grapefruit juice, such as protection against inflammatory illnesses, 

cardiovascular diseases, diabetes, cancer, and neurodegenerative disorders, have increased interest in 

its bioactive constituents (Hwang et al. 2012 and Mendes et al. 2019). Fukuda et al. (1997), reported 

that the active ingredients in grapefruit juice include naringin, naringinin, limonin, and obacunone .      
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The inflammatory bowel diseases (IBD), a gastrointestinal tract persistent inflammatory disease, are 

marked by persistent recurrent colon ulceration (Khor et al. 2011). IBD is a collection of idiopathic 

chronic inflammation and ulceration affecting the large intestine. Ulcerative colitis (UC) and Crohn’s 

disease (CD) are the main IBD kinds that are characterized by long-lasting inflammation of the GIT 

tract (Xia et al. 1998 and Balmus et al. 2016). UC, an inflammatory condition of the GIT (IBD), is 

widely acknowledged to involve a complex interplay between environmental and genetic parameters, 

particularly, bacteria that can disrupt the mucosal barriers, leading to the interaction of the luminal 

bacteria with the mucosal immune system (Scaldaferri and Fiocchi, 2007) . 

UC is an idiopathic, recurrent, and autoimmune disease with recurrent episodes of damage, 

inflammation, irritation, and ulceration in the lining epithelium of the colon and its effects on the 

mucosa of the colon are of continued nature (Ng et al. 2013). The other type of IBD is CD, which is 

distinct patchy lesions likely dispersed within the GIT, without a specific pattern (Magro, 2017). 

2. Material and Methods 

Materials: 

Grapefruits: 

The Rutaceae family includes the genus Citrus, to which grapefruit belongs. Citrons, oranges, pomelos, 

limes, lemons, and mandarins (tangerines) are among the other members of the Citrus genus. Citrus 

fruits possess a unique characteristic of being classified as berries, featuring segmented internal 

structures. The photo of grapefruit is as follows: 

 

Grapefruits 

Grapefruit was obtained from a nearby market, then peeled and juiced with an electrical blender. The 

grapefruit juice (GFJ) was orally administered to rats via a stomach tube in 1 ml/rat at a concentration 

2.5, 5, or 10% for 8 weeks. 

Acetic acid (AA):  

AA represents a liquid material with the potential to trigger UC. It is a monocarboxylic acid with simple 

structure of two carbon atoms. It has a chemical formula of CH3 COOH. A 5% solution (V/V) of AA 

was acquired from El-Gomhorya Pharmaceutical Company, Cairo, Egypt in 100ml bottles. 

Basal diet: 

The basal diet formulation followed the procedure of Reeves et al. (1993). It comprised 20 % casein (as 

a protein), 10 % carbohydrate, 5% fiber, 4.7% corn oil (as a fat), 3.5 % salt mixture, 2% choline chloride, 

and 1% vitamin mixture. The remaining portion, up to 100%, was composed of corn starch. 

Rats:  

35 rats of the Sprague-Dawley strain (220±5 g b.wt) and 8 months age were acquired from the 

Agriculture Research Center, Ministry of Agriculture, Egypt. 

Ethical approval: 

This study was approved according to rules of Faculty of Specific Education Committee, Aswan 

University, under Ethical Code of ASWU/S E/ Nutrition/ 23 / 05 dated 15/9/2023. 

Methods: 

Ulcerative colitis induction:  

Rats were subjected to AA administration every 24 hours for a weak using a plastic catheter. 1 ml of 

AA (3%) was introduced to the rat's anus via a plastic dropper, and 15-minute period of positioning the 

rat in the Trendelenburg position was employed to trigger UC, as mentioned by Cagin et al. (2016) and 

Wang et al. (2019). 
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Experimental and grouping of rats: 

35 Sprague Dawley strain rats have been accommodated within adequately aired cages, maintaining a 

room temperature (25±3 °C). The humidity level was set at 50% ± 5%, and the rats underwent a 12-

hour light/dark cycle. The rats underwent 1-week adaption on AIN-93 basal diet, where water was 

provided ad libitum. The rats were allocated into 5 groups: group 1 fed a basal diet and served a negative 

control. Group 2 was the positive control and had UC induced by AA. Groups 3, 4, and, 5 were subjected 

to AA-triggered UC, followed by oral administration of GFJ (1ml /rat) at 2.5, 5, and 10%, respectively. 

The rats’ weights were recorded at the start and conclusion of the dietary course. On a daily basis 

throughout the 8-week experimental episode, the rats' feed intake (FI) was documented. The calculation 

of body weight gain (BWG) was undertaken. The assessment of feed efficiency ratio (FER) and body 

weight gain percentage followed the methodology of Chapman et al. (1959) with the subsequent 

formulas: 

Feed efficiency ratio (FER) = weight gain (g) ÷ feed consumed (g)  

BWG % = final weight (g) – initial weight (g) ÷ initial weight (g) ×100 

Upon the conclusion of the 8-week experimental period, the rats underwent an overnight fasting period 

before anesthetizing with sodium pentobarbital (Nesdonal®) at 50 mg/kg/rat. Clear serum samples were 

acquired by obtaining blood from the orbital plexuses of the eye from each rat and applying 15-minute 

centrifugation at 10.000 rpm. Livers were dissected out to prepare liver homogenates. The colons (large 

intestines) were excised and subsequently immersed within a solution of formaldehyde in a neutral 

buffer (10%) until used in histopathological inspection.  

Biochemical analysis: 

To estimate alanine aminotransferase (ALT) and aspartate aminotransferase (AST) serum levels, the 

technique of Bergmeyer et al. (1978) was adopted. The spectrophotometric determination of superoxide 

dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) enzymes activities followed the 

protocols of Nishikimi et al. (1972), Racz et al. (1967), and Aebi (1984). Inflammatory cytokines TNFα, 

IL1β, IL6 and IL8 were appraised with enzyme linked immunosorbent assay (ELISA) as outlined by 

Sutton et al. (2006).  The calorimetric assessment of serum triglycerides (TG) and total cholesterol (TC) 

followed the protocols of Wahlefeld (1974) and Allain et al. (1974). 

Preparation of liver homogenate:  

A liver sample weighing one gram was acquired from each rat and underwent washing within ice-cooled 

0.9% NaCl, followed by homogenizing within ice-cooled 10 ml potassium chloride solution (1.15%) in 

buffer solution of 50 mM potassium phosphate (pH 7.4) to acquire hepatic homogenates of 10% (W/V). 

Liver homogenates underwent 15-minute of centrifugation at 9000 rpm before utilizing in assessment 

of hepatic reduced glutathione (GSH) and malondialdehyde (MDA), as outlined by Jollow et al. (1974) 

and Ohkawa et al. (1979). 

Histopathological inspection:  

The fixed specimens of large intestines underwent trimming, washing, and subsequent dehydration in 

rising concentrations of alcohol (70% to 100%). The colon was extracted and washed with saline. Small 

amounts of tissue of the colon were sectioned for staining. These specimens underwent heamatoxylin 

and eosin (H&E) staining before microscopic examination following Bancroft and Stevens (1977). 

Statistical analysis:     

Data were presented as means ± SD. SPSS program was utilized for statistical analysis employing one-

way ANOVA test. Significance was adjusted at P < 0.05 according to Snedecor and Cochran (1986). 

3. Results and Discussion 

Table 1 shows that grapefruit juice at 2.5, 5.0 and 10 % in acetic acid-induced UC rats significantly 

decreased, in a dose dependent manner, FI, BWG%, and FER. 
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Table (1): Effect of grapefruit juice (GFJ) at 2.5, 5.0, and 10 % on FI, BWG percent, and FER in rats 

with UC (n=7 rats). 

 

 

 

 

 

 

In each column, the means ± S.D with distinct superscripted letters specify statistical significance at a 

P < 0.05. 

Data in Table 2 showed that grapefruit juice at 2.5, 5.0, and 10% in acetic acid-induced UC rats 

significantly decreased, in a dosage reliant manner, the levels of serum AST and ALT. 

Table (2): Effect of grapefruit juice (GFJ) at 2.5, 5.0, and 10 % on serum AST and ALT. 

 

In each column, the means ± S.D with distinct superscripted letters specify statistical significance at a 

P < 0.05 level. 

Compared to the positive controls, grapefruit juice at 2.5, 5.0 and 10 % in acetic acid-induced UC in 

rats caused significantly elevated serum antioxidant enzymes; SOD, GPx, and CAT (Table 3). 

Table (3): Impact of grapefruit juice (GFJ) at 2.5, 5.0 and 10 % on antioxidant enzymes; GPx, SOD, 

and CAT in UC rats  (n=7 rats). 

 

In each column, the means ± S.D with distinct superscripted letters specify statistical significance at a 

P < 0.05 level. 

According to Table 4, grapefruit juice (GFJ) at 2.5, 5.0, and 10% in acetic acid-induced UC rats 

significantly decreased, in a dosage reliant-manner, cytokines TNF α, IL-1β, IL6, and IL-8 relative to 

the positive controls. 

 

 

 

 

 

CAT 

(mg/dL) 

SOD 

(mg/dL) 

GPx 

(mg/dL) 

Parameters 

Groups 

 24.05 ± 0.46d 86.56 ± 0.06d 85.12 ± 0.22d Negative control 

   16.03 ± 1.12e 65.42 ± 1.13e 75.05 ± 0.34e Positive control 

 20.94 ± 0.63c 88.14 ± 1.26c 92.71 ± 0.28c GFJ at 2.5% 

 21.55 ± 0.63b 90.94 ± 0.63b 98.14 ± 0.80b GFJ at 5% 

 23.77 ± 0.43a 95.14 ± 0.40a  99.02 ± 0.32a GFJ at 10 % 

 

CAT 

(mg/dL) 

SOD 

(mg/dL) 

GPx 

(mg/dL) 

Parameters 

Groups 

 24.05 ± 0.46d 86.56 ± 0.06d 85.12 ± 0.22d Negative control 

   16.03 ± 1.12e 65.42 ± 1.13e 75.05 ± 0.34e Positive control 

 20.94 ± 0.63c 88.14 ± 1.26c 92.71 ± 0.28c GFJ at 2.5% 

 21.55 ± 0.63b 90.94 ± 0.63b 98.14 ± 0.80b GFJ at 5% 

 23.77 ± 0.43a 95.14 ± 0.40a  99.02 ± 0.32a GFJ at 10 % 

FER 
BWG 

(%) 

FI 

(g/day) 

Parameters 

Groups 

0.55 ± 0.001a 12.69 ± 0.36a 23.0 Negative control 

0.487 ± 0.002c 9.74 ± 0.21bc 20.0 Positive control 

0.455 ± 0.001b 8.66 ± 0.20b 19.0 GFJ at 2.5% 

0.466 ± 0.002c 7.69 ± 0.25c 16.5 GFJ at 5% 

0.518 ± 0.006d 6.89 ± 0.12d 13.3 GFJ at 10 % 
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Table (4): Table 4: Impact of grapefruit juice (GFJ) at 2.5, 5.0, and 10% on serum TNF α, IL-1β, IL6, 

and IL-8 in acetic acid-induce d UC in rats (n=7 rats). 

 

In each column, the means ± S.D with distinct superscripted letters specify statistical significance at a 

P<0.05. 

Our findings indicated that grapefruit juice (GFJ) at 2.5, 5.0, and 10% in acetic acid-induced UC in 

rats caused elevated GSH and lowered MDA relative to the positive controls (Table 5). 

Table (5): Table 5: Impact of GFJ at 2.5, 5.0, and 10% on GSH and MDA in UC rats. (n=7 rats). 

 

In each column, the means ± S.D with distinct superscripted letters specify statistical significance at a 

P < 0.05. 

Grapefruit juice (GFJ) at 2.5, 5.0, and 10% significantly decreased TC and TG as compared to the 

positive controls (Fig. 1). 

 

Fig. (1): Impact of grapefruit juice (GFJ) at 2.5., 5.0 and 10% on serum TC and TG levels within rats 

with ulcerative colitis. 

Histopathology: 

Fig. (2) illustrates the results of histopathological findings of rats' large intestines. 

 

MDA 

(nmol/mg protein) 

GSH 

(nmol/mg protein) 

 Parameters  

Groups 

57.57 ± 0.36e  45.12 ± 0.22a Negative control 

76.14 ± 1.88a 29.85 ± 0.34e Positive control 

70.72 ± 1.98b 34.71 ± 0.28d GFJ at 2.5% 

 68.85 ± 1.56c 39.14 ± 0.80c GFJ at 5% 

 60.71 ± 0.92d  42.28 ± 0.42b GFJ at 10 % 

 

IL8 

(Pg/ml)  

IL6 

(Pg/ml) 
 

IL1β 

(Pg/ml) 

 
 

TNF α 

(Pg/ml) 
 

Parameters 

Groups 

75.57±2.63d 54.08±2.20d 56.28±1.20d 118±2.30d Negative control 

85.14±6.52a 69.16±2.39a 89.57±2.39a 132±3.40a Positive control 

79.71±4.91b 56.42±1.80b 66.42±3.80b 127±2.50b GFJ at 2.5% 

65.80±2.74c 50.00±2.76c 46.00±4.76c 122±2.50c GFJ at 5% 

62.14±3.18c 45.42±1.19c 35.42±2.99c 119±2.50c GFJ at 10 % 
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Fig. (2): Photomicrograph of rat colons from various experimental groups  : 

 (a) Negative control group with a histologically normal colon's mucosa and sub-mucosa structure . 

 (b) Positive control rats with ulcerative colitis and orally given grapefruit juice at   .52%  exhibiting 

lamina propria and sub-mucosa with heavy inflammatory cells infiltration . 

    (c) Rats given orally grapefruit juice at 2.5% displaying moderate focal area where inflammatory cell 

infiltrated the submucosal layer  . 

 (d) Rats given orally grapefruit juice at 5.0 % displaying lamina propria with few foci of inflammatory 

cells aggregations . 

 (e) Rats given orally grapefruit juice at 10 % demonstrating apparent histologically normal architecture 

of colon mucosa and sub-mucosa. 

The current research is intended to examine the protective impact of grapefruit juice (GFJ) at 2.5., 5.0, 

and 10% regarding acetic acid-induced UC in rats     . 

The present results indicated that grapefruit juice (GFJ) at 2.5, 5.0, and 10% significantly reduced body 

weight gain (BWG), feed efficiency ratio (FER), and feed intake (FI), resulting in weight reduction. 

This concur with the findings of Chudnovskiy et al. (2014). They determined that mice on a high-fat 

diet and grapefruit juice demonstrated a 18.4% reduction in body weight and a 13-17% decline in fasting 

blood glucose. Moreover, Alam et al. (2022) reported that naringin, common flavonoids present in GFJ, 

produced an anti-obesity effect . 

The present data indicated that grapefruit juice (GFJ) at 2.5, 5.0, and 10% significantly decreased serum 

AST and ALT liver enzymes in UC rats. Our results coincide with Baleni et al. (2014), who documented 

that grapefruit juice and its bergamottin successfully inhibited the elevation of liver enzymes triggered 

by a paracetamol overdose, thus averting liver toxicity . 

The current results showed that grapefruit juice (GFJ) at 10% significantly increased serum activities 

of antioxidant enzymes (GPx, SOD, and CAT). These results partly coincide with Zargar et al. (2018), 

who recognized that grapefruit juice considerably increased antioxidant enzymes activities (GPx, SOD, 

and CAT) in mice. The authors concluded that GFJ has elevated polyphenol compounds that could 

potentially enhance and act synergistically with the therapeutic effects of aripiprazole (antipsychotic 

drug).  Castro-Vazquez et al. (2016) reported that grapefruit peel represents a valuable source of 

naturally occurring bioactive flavonoids with potent antioxidant effects, suggesting these compounds 

may serve as therapeutic agents that could be incorporated into multiple clinical approaches. Moreover, 

Alam et al. (2022) reported that naringin, common flavonoids present in GFJ, produced an antioxidant 

effect, anti-inflammatory, anti-atherosclerotic, hypochlosterolemic, hypolipidemic, neuroprotective, 

anti-diabetic, hepatoprotective, cardioprotective, and anti-obesity activities. In addition, broccoli extract 

produced anti-inflammatory and anti- oxidant effects during dextran sulphate sodium-induced UC 

within rats (Mueller et al. (2013 .) 

It was reported by Brody et al. (1996) that overproduction of reactive oxygen species (ROS) caused 

lipid peroxidation (LPO), which inhibited cellular anti-oxidant capacity that caused colon inflammation. 

Grisham and Yamada (1992) mentioned that inflammatory cytokines as TNFα, IL1 β, IL6 and IL8 are 

     Fig. (2) illustrates the results of histopathological findings of rats' large intestines. 

     

Fig. (2): Photomicrograph of rat colons from various experimental groups:  

     (a) Negative control group with a histologically  
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recognized to significantly impact mucosal immune system, as the macrophages and neutrophils have 

the ability to compromise epithelial integrity and provoke colonic inflammation. Al-Rejaie et al. (2013) 

concluded that naringinin which is a common flavonoid in grapefruit juice produced anti-oxidant and 

anti-inflammatory effects, signifying a protective activity in IBD. Moreover, Castro-Vazquez, et al. 

(2016) mentioned that naringin and naringinin abundantly occur in grapefruit juice (GFJ) and contribute 

to its anti-oxidant and anti-inflammatory potentialities . 

Our findings specified that, in rats with UC, the inflammatory effect is evidenced by the elevated 

proinflammatory cytokines levels, including TNF- α and interleukins. Oral administration of GFJ 

decreased serum inflammatory cytokines TNFα IL1 β, IL6 and IL8 in rats with UC. This finding agreed 

with Zargar et al. (2018), who reported that GFJ decreased serum inflammatory cytokines TNFα IL1 β, 

IL6 and IL8 in mice due to the anti-inflammatory and antioxidant effects . 

Concerning serum total cholesterol (TC) and triglycerides (TG), our study exhibited that GFJ 

significantly lowered serum TC and TG levels.  The obtained results agreed with Alam et al. (2022), 

who documented that naringin, a common flavonoid present in GFJ, produced hypochlosterolemic 

effect. In adults, Jonsson and Ellegard (2006) found that GFJ caused reduction in serum total cholesterol 

by 8% and LDL-c by 14%, but increased HDL-c by 6% in patients with hyperlipidemia. However, diet 

incorporating fresh GFJ induced a considerable reduction the serum lipid concentrations, particularly 

triglycerides. The inclusion of fresh GFJ in one's diet may provide benefits for patients with 

hyperlipidemia, particularly those with hypertriglyceridemia who are at risk of coronary atherosclerosis 

(Gorinstein et al. 2006). 

4. Conclusion 

It can be inferred that grapefruit juice at a concentration of 10% induces protection against ulcerative 

colitis because of its good anti-inflammatory and anti-oxidant effects by reducing inflammation and 

oxidative stress in rats. Therefore, consumption of grapefruit juice as a beverage could potentially offer 

benefits to individuals diagnosed with ulcerative colitis. 
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