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 Abstract 
Article Information The jejunum is delicate because of its nutrient absorptive and immune functions. This 

study aimed to investigate the potential protective effect of chrysin on methotrexate-

induced jejunal toxicity using adult female Wistar rats. This experiment used a total of 

24 rats, randomly divided into 6 groups. Group I, served as the normal control and 

received food and water. Group II, served as a negative control and was induced with 

methotrexate only (20 mg/kg), Group III received low dose of chrysin (50 mg/kg), Group 

IV was induced with methotrexate (20 mg/kg) and a low dose of chrysin (50 mg/kg), 

Group V received a high dose of chrysin (100 mg/kg) and Group VI induced with 

methotrexate (20 mg/kg) and a high dose of chrysin (100 mg/kg) respectively. At the end 

of the experiment, jejunal toxicity was measured biochemically and histo-pathologically 

by light microscopy, and body weight was statistically analyzed using the SPSS version 

23 package. Methotrexate elevated serum MDA in the methotrexate only group (1.24 ± 

0.71) compared to the control group (1.14 ± 0.32) and reduced antioxidant enzymes 

(SOD, GSH, CAT), indicating oxidative stress (p < 0.05). Serum TNF-α, IL-1β, IL-6, and 

PGE-2 levels showed an increase across groups induced with methotrexate, indicating 

inflammation. Chrysin treatment significantly reduced these biomarkers compared to 

the control group (p < 0.05). Histological analysis showed methotrexate caused jejunal 

necrosis, while chrysin alone or with methotrexate preserved normal histoarchitecture. 

Low and high doses of chrysin improved tissue structure, though high doses alone 

showed metaplasia. Chrysin is a potential therapeutic agent against methotrexate-

induced jejunal toxicity, reducing oxidative damage and inflammation. 
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1. Introduction 

Methotrexate (MTX) is one of the medications 

commonly prescribed for cancer, particularly in the 

management of leukemia, lymphoma, and breast 

cancer [1]. It is also employed in the management of 

autoimmune diseases such as rheumatoid arthritis 

and psoriasis [2]. Its mechanism of action is to prevent 

the function of dihydrofolate reductase (DHFR) [3]. 

This inhibition prevents the division of rapidly 

dividing cells which is a characteristic of cancerous 

cells. However, its use is restricted due to its toxicity 

to the gastrointestinal tract (GI), especially the small 

intestine (jejunum) [4]. GI toxicity of the drug is most 

apparent in the jejunum, during nutrient absorption 

[4, 5]. MTX also induces malnutrition via 

malabsorption of nutrients from the jejunum due to its 

actions on the villi and mucosal tissues [5, 6]. Patients 

undergoing chemotherapy with high-dose MTX at 

times come down with mucositis and/or enteritis, 

resulting from severe jejunal damage. This manifests 

clinically with symptoms such as nausea, vomiting, 

diarrhea, and malabsorption [4, 7]. These side effects 

reduce patient quality of life and the use of MTX in 

clinical practice is usually under professional 

monitoring [8].  

MTX causes jejunal toxicity through several pathways 

such as oxidative stress, inflammation, and apoptosis 

[5, 6]. Oxidative stress caused by MTX use is 

attributed to the release and accumulation of free 

radicals, such as reactive oxygen species, which have 

detrimental effects on lipids, proteins, and DNA of the 

cells [9]. Overall, the increase in oxidative stress and 

inflammation leads to injury and destruction of the 

jejunal epithelial cells, thereby affecting the integrity 

of the jejunal mucosa and its function [4]. 

Chrysin (5,7-dihydroxyflavone) is a flavonoid that 

naturally occurs in honey, propolis, and other plants 

[10]. It can serve as an antioxidant, which can be 

employed to protect against the negative effects of 

methotrexate chemotherapy [11]. Chrysin also 

possesses anti-inflammatory and anti-apoptotic 

effects, and this substance may help reduce the 

toxicity of MTX through antagonistic actions [12]. 

Flavonoids are natural polyphenolic compounds that 

are present in many fresh fruits, vegetables, and some 

drinks such as tea and wine [13]. As reported by Singh 

and Verma [14], flavonoids present in these beverages  

 

have antioxidant activity, reduce inflammation, and 

possess anti-cancer effects. Some evidence has 

revealed that chrysin can directly remove free radicals 

and also increase the level of the cellular antioxidant 

enzymes SOD and catalase and thus decrease 

oxidative stress [15]. These activities can be explained 

through the suppression of pro-inflammatory 

cytokines and enzymes [16]. Moreover, chrysin has 

been found to affect apoptotic pathways and 

minimize the extent of cell death as well as enhance 

cell survival in various tissues [17]. Although chrysin 

has the properties described above, there are few 

studies focused on the protective role of chrysin 

against MTX-induced jejunal toxicity, such as those 

reported by Sirichoat et al. [11], that evaluated the 

protective effects of flavonoids, including chrysin, 

against intestinal (jejunal) damage caused by various 

drugs, with implications for MTX treatment. 

MTX-induced jejunal toxicity is a significant clinical 

problem, as it can lead to severe morbidity and 

mortality [4]. The exact mechanisms of MTX-induced 

jejunal toxicity are not fully understood but are 

thought to involve the inhibition of DNA synthesis 

and cell division in the rapidly dividing cells of the 

intestinal mucosa [18]. Currently, there are limited 

treatment options for preventing or treating MTX-

induced gastrointestinal toxicity [19]. Supportive care, 

such as anti-diarrheal medications and nutritional 

supplements, is often inadequate, and there is a need 

to explore alternative strategies for mitigating this 

toxicity [7]. The aim of this study was to investigate 

the potential protective effect of chrysin in 

methotrexate-induced jejunal toxicity using adult 

female Wistar rats.  
 

2. Materials and methods 

2.1. Procurement of chemical and inducing agent  

The chrysin (5,7-dihydroxyflavone) was gotten from 

Sigma Aldrich company, St Louis, USA and the 

methotrexate was gotten from Healing Pharmacy LLC, 

USA. 
 

2.2. Experimental animal  

In the experiment, 24 female adult albino Wistar rats 

(120–200 g) were purchased and housed in the animal 

laboratory room at Sancta Maria Catholic College of 

Nursing Sciences Uzairue. The rats were acclimatized 
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for 3 weeks prior to experimental use. They were 

housed in a well-ventilated room at normal room 

temperature and in conducive conditions throughout 

the experiment. Animals were fed with certified 

livestock pellet feed and clean water. 
 

2.3. Experimental design 

The animals were randomly divided into six groups 

and treated as follows: Group I, served as the normal 

group; they were fed with food and water. Group II, 

served as a negative control and was induced with 

methotrexate only (20 mg/kg), Group III with a low 

dose of chrysin (50 mg/kg), Group IV was induced 

with methotrexate (20 mg/kg) and a low dose of 

chrysin (50 mg/kg), Group V received a high dose of 

chrysin (100mg/kg) and Group VI induced with 

methotrexate (20mg/kg) and a high dose of chrysin 

(100 mg/kg) respectively (Table 1). All the 

administration was done orally. methotrexate was 

induced daily for 8 days, while chrysin administration 

lasted for 28 days.  
 

2.4. Sacrifice of experimental animal 

Twenty-four hours after the last administration for 

various groups, the rats were weighed and sacrificed 

by cervical dislocation. A mild incision was made 

through the body. The small intestine (jejunum) is 

then removed and fixed for histological investigations. 

Blood was collected via retro-orbital sinus bleeding 

using a capillary tube, and clotting was allowed for 

about 2 hours. Thereafter, the clotted blood was 

centrifuged for 10 minutes to recover serum from the 

blood cell. The serum was separated from clotted 

blood for biochemical analysis. 
 

2.5. Histological procedure 

The small intestine (jejunum) was subjected to 

histological studies, in which tissues from all groups 

were fixed in 10% formalin solution, and tissue was 

processed using a paraffin wax embedding medium. 

Tissue blocks were microtome using a rotator 

microtome and sections stained with routine H&E 

stain for histological examination. 
 

2.6. Blood sample collection and serum preparation  

Blood samples were collected from all groups through 

the retro-orbital sinus, using a capillary tube. The 

blood samples were spined using an 800D centrifuge 

machine, after which the serum was separated from 

the blood cells. The serum is then collected and taken 

for biochemical analysis of inflammatory and 

oxidative stress markers. 
 

2.7. Statistical analysis 

Data were analyzed using a statistical package for 

social sciences (SPSS) version 23.0. Data obtained was 

presented as mean ± standard deviation. One-way 

analysis of variance (ANOVA) was used to check for 

differences between means, which was considered 

significant at p ≤ 0.05 following post-hoc test (Tukey).  
 
 

3. Results and discussion 

Findings from the malondialdehyde (MDA) levels 

amongst all the groups indicated that animals in 

Group B which were given 20 mg/kg of methotrexate, 

only showed mean elevated serum MDA levels (3.90 

± 1.63) when compared to the treatment Groups 1 and 

3, which had lower mean serum MDA levels (1.24 ± 

0.71 and 1.14 ± 0.32, respectively). However, the mean 

serum MDA levels of animal groups that received 

chrysin treatment following methotrexate exposure 

were restored to normal (Table 2). The Tukey post hoc 

test revealed that the mean serum level of MDA for 

animals in Group 2 was significantly (p < 0.05) higher 

than the mean level of MDA of animals in Group 1. 

The mean SOD, GSH and CAT levels of animals in 

Group 2 was significantly lower than the mean levels 

of animals in Group 1. In the treatment groups, 

following the administration of chrysin after the 

induction of methotrexate, the levels of SOD, GSH 

and CAT were elevated especially in Group 4 and 6 

which received 20 mg/kg of methotrexate and chrysin 

(50 and 100 mg/kg, respectively) treatment. Also, the 

administration of chrysin decreased the level of MDA 

in the treatment group. Thus, this study showed that 

chrysin inhibits high MDA levels in methotrexate-

induced oxidative stress. High levels of 

malondialdehyde (MDA) in serum are typically 

indicative of increased oxidative stress in the body. 

Reactive Oxygen Species (ROS) is one of the most 

important reasons in the mechanism of damage 

caused by anticancer agents in kidney tissue [20]. The 

formation of uncontrollable ROS causes lipid 

peroxidation in the cell membrane structure, 

oxidation of proteins and enzymes [21]. Tissue MDA 

level is an important and reliable marker of 

degradation in the oxidation of polyunsaturated fatty  
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Table 1. Experimental design 
 

Groups Number of rats Dosages  Ttreatments 

GROUP 1 

Normal Control 

4 Control 

Food and water only 

Food pellet and distilled water only 

will be given for 28 days. 

GROUP 2 

Negative control (Methotrexate only) 

4 Methotrexate (20mg/kg) 

only 

20mg/kg of methotrexate was given 

daily for 8 days. 

GROUP 3 

(Chrysin- low dose) 

4 Low dose of chrysin 

(50mg/kg) 

 

50mg/kg of chrysin was 

administered for 28 days 

GROUP 4 

(Methotrexate + low dose chrysin) 

4 Methotrexate (20mg/kg) 

and low dose of chrysin 

(50mg/kg) 

20mg/kg of methotrexate was given 

for 8 days and treated with 50mg/kg 

of chrysin which was administered 

for 28 days. 

 

GROUP 5  

(Chrysin–high dose) 

4 High dose of chrysin 

(100mg/kg) 

 

100mg/kg of chrysin was 

administered for 28 days. 

GROUP 6 

(Methotrexate + high dose chrysin) 

4 Methotrexate (20mg/kg) 

and high dose of chrysin 

(100mg/kg) 

20mg/kg of Methotrexate was 

administered for 8 days and treated 

with 100mg/kg of chrysin which 

was given for 28 days. 

 
 

 

Table 2. Effect of chrysin on anti-oxidative stress markers 
 

Group (n-4) SOD (U/ml) GSH (µmol/mL) CAT (U/ml) MDA (nmol/mL) 

GROUP 1 

Normal control 

1.33 ± 0.11 1.24 ± 0.16 32.50 ± 5.21 1.24 ± 0.71 

GROUP 2 

Negative control (Methotrexate only) 

0.74 ± 0.04b 0.26 ± 0.01b 4.88 ± 0.34b 3.90 ± 1.63a 

GROUP 3 

(Chrysin- low dose) 

1.13 ± 0.01 1.17 ± 0.24 22.75 ± 3.58 1.14 ± 0.32 

GROUP 4 

(Methotrexate + low dose chrysin) 

1.27 ± 0.03 1.02 ± 0.07 17.88 ± 8.12 1.66 ± 0.28 

GROUP 5  

(Chrysin–high dose) 

0.85 ± 0.08b 0.97 ± 0.18 21.38 ± 6.97 1.19 ± 0.66 

GROUP 6 

(Methotrexate + high dose chrysin) 

1.24 ± 0.10 1.14 ± 0.29 23.00 ± 4.42 1.70 ± 0.84 

Values were expressed as Mean ± SD; ap < 0.05 demonstrated a significantly higher level compared to Group 1; bp < 0.05 (SOD, GSH, and 

CAT) demonstrated a significantly lower level compared to Group 2. bp < 0.05 (MDA) demonstrated a significantly higher level compared 

to Group 1. 

 

acids. Chrysin has a pronounced protective effect 

against lipid peroxidation and reduced renal MDA 

production. Our results are in line with several reports 

of increased MDA levels in tissues due to 

methotrexate-induced oxidative stress. Chrysin’s 

ability to scavenge free radicals significantly 

contributes to its inhibitory effect on lipid 

peroxidation. SOD antioxidant enzyme, which is 

directly responsible for the detoxification of ROS, is 

present in high concentration in intestinal tissue. 

Methotrexate treatment in this study significantly 

reduced levels of SOD according to current published 

studies. Considering its antioxidant activity, chrysin 

used in the treatment was similarly able to prevent the 

decrease in SOD activities in the rat jejunum tissue 

[22]. This effect may be due to an improvement in 

antioxidant status and scavenging of excess free 

radicals such as O2- and peroxyl radicals. Similar  
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Table 3.  Effect of chrysin on inflammatory markers 
 

Group (n-4) IL-1β (pg/ml) TNF-α (pg/ml) IL-6 (pg/ml) PGE-2 (pg/ml) 

GROUP 1 

Normal control 

31.0 ± 0.6 42.6 ± 2.1 55.6 ± 2.4 218.1 ± 3.0 

GROUP 2 

Negative control (Methotrexate only) 

35.8 ± 2.3 261.9 ± 5.4 72.5 ± 3.7 95.3 ± 5.0 

GROUP 3 

(Chrysin- low dose) 

31.6 ± 8.2 66.8 ± 3.4 61.2 ± 2.0 239.1 ± 2.0 

GROUP 4 

(Methotrexate + low dose chrysin) 

33.7 ± 3.4 51.9 ± 3.0 56.1 ± 0.9 299.2 ± 3.0 

GROUP 5  

(Chrysin–high dose) 

35.1 ± 2.2 189.0 ± 5.3 65.2 ± 0.8 119.7 ± 2.0 

GROUP 6 

(Methotrexate + high dose chrysin) 

29.0 ± 0.5 48.2 ± 2.1 59.2 ± 7.5 201.2 ± 1.0 

 
 

results have been obtained with different antioxidants 

such as melatonin and proanthocyanidin, which 

structurally protect antioxidant enzymes and increase 

their activity in methotrexate -induced nephropathy 

[16]. 

Methotrexate’s effect on inflammatory markers was 

examined in this study. Findings from the TNF-α 

levels amongst all the groups indicated that animals 

in Group 2, which were given 20mg/kg of 

methotrexate only, showed mean elevated serum 

TNF-α levels (261.9 ± 5.4) when compared to the 

control and chrysin Groups 1 and 3, which had lower 

mean serum MDA levels (42.6 ± 2.1 and 66.8 ± 3.4, 

respectively). However, the mean serum TNF-α levels 

of animals’ groups that received chrysin treatment 

following methotrexate exposure were restored to be 

comparable to normal (Table 3). The mean IL-1β, IL-6 

and PGE-2 levels of animals in Group 2 were 

significantly higher than the mean levels of animals in 

Group 1 and other groups which received chrysin. 

Thus, this study showed that chrysin inhibits high 

levels of methotrexate-induced inflammation. The 

inflammatory pathway depending on the TNF-α 

transcription is an important mechanism which has 

been previously reported to be involved in the 

methotrexate-induced inflammatory response by 

increasing the interleukins expression [23]. In our 

study, methotrexate mediated the inflammatory 

response in the jejunum through elevation of the 

protein levels of TNF-a, IL-1β, IL-6 and PGE-2. While 

chrysin treated groups revealed significant decreases 

in the methotrexate-induced elevated inflammatory 

markers, as shown in Table 3. Chrysin, a natural 

flavonoid, demonstrates protective effects against 

methotrexate (MTX)-induced toxicity in various 

models of intestinal inflammation. These findings 

agreed with previous studies which concluded that 

the chrysin treatment reduced the inflammatory 

response via lowering the pro-inflammatory 

cytokines in jejunum tissue. Previous studies showed 

that chrysin and its derivatives reduced pro-

inflammatory cytokine levels, including TNF-α, IL-6, 

and MCP-1, in both in vitro and in vivo experiments 

[24, 25]. The anti-inflammatory action of chrysin is 

mediated through the inhibition of NF-κB signaling 

pathways in vascular endothelial cells [26], and 

suppression of JAK-STAT signaling in macrophages 

[25]. Additionally, chrysin exhibits antioxidant 

properties by scavenging reactive oxygen species, 

which act as upstream mediators of inflammatory 

signaling [25]. In colorectal cancer models, chrysin 

treatment significantly reduced levels of pro-

inflammatory factors such as amphiregulin, CXCL1, 

and MMP-9, while also demonstrating anticancer 

activity against SW620 cells by decreasing ERK and 

AKT phosphorylation [27]. These findings suggest 

that chrysin may be a promising therapeutic 

candidate for inflammatory bowel diseases. Hence, 

our data clarified that chrysin shows anti-

inflammatory activity against the MTX-induced 

inflammatory response. 

The histological features of the jejunum in our present 

study were analyzed to further study the 

histoarchitecture of the tissue (Fig. 1).   
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Figure 1. Group 1: Photomicrograph of the jejunum microstructure showing intestinal villi (V), submucosa 

(S) and the muscularis externa layer (M). Tissue appears normal. Group 2: Photomicrograph of the jejunum 

microstructure showing intestinal villi (V), submucosa (S) and the muscularis externa layer (M). Tissue 

appears normal. Group 3: Photomicrograph of the jejunum microstructure showing inter-villous space 

necrosis (arrow). Group 4: Photomicrograph of the jejunum microstructure showing intestinal villi (V), 

submucosa (S) and the muscularis externa layer (M). Tissue appears normal. Group 5: Photomicrograph of 

the jejunum microstructure showing general tissue metaplasia Group 6: Photomicrograph of the jejunum 

microstructure showing intestinal villi (V) and the muscularis externa layer (M). Tissue appears normal. H 

& E. X300 

 

The control group photomicrograph of the jejunum 

microstructure shows normal intestinal villi. The 

negative control induced with methotrexate presents 

inter-villous space necrosis, while groups 4 and 6, 

treated with MXT and chrysin, show normal intestinal 

villi. However, Group 5, which received a high dose 

of chrysin (100 mg/kg) only, the photomicrograph of 

the jejunum tissue microstructure shows general 

tissue metaplasia. Methotrexate (MTX) can cause 

significant intestinal damage, including villus 

shortening, crypt damage, inflammation, and 

oxidative stress [28, 29]. MTX-induced intestinal 

toxicity is associated with alterations in gut 

microbiota, particularly a decrease in Bacteroides 

fragilis, and changes in immune response, such as 

increased macrophage density [30]. Several studies 

have explored protective interventions against MTX-

induced intestinal injury. In rats exposed to 

propetamphos, chrysin mitigated oxidative stress, 

improved biochemical parameters, and reduced  

histopathological damage [31].  

These studies collectively demonstrate chrysin's 

potential as a protective agent against various organ 

toxicities and diseases, likely due to its antioxidant 

properties and ability to modulate key biochemical 

parameters. The findings suggest that chrysin may 

have therapeutic potential in treating conditions such 

as organ toxicity, while chrysin showed significant 

antioxidant and anti-inflammatory protection in 

MTX-induced rats. Histological analysis of Group 5 

(100 mg/kg chrysin alone) revealed metaplastic 

changes, suggesting dose-dependent toxicity. This 

may be attributed to chrysin’s poor oral 

bioavailability and metabolism, as previously 

reported [32]. Without absorption enhancers, 

systemic exposure is limited, potentially causing 

tissue-specific accumulation. Compared to standard 

protectants like folic acid, which is routinely co-

administered with MTX to reduce toxicity, chrysin's 

safety profile requires further clarification. Moreover, 
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species differences in metabolism and gut microbiota 

between rats and humans must be considered before 

clinical translation, given chrysin’s limited 

bioavailability in humans. 
 

4. Conclusions  
This study shows that 5,7-dydroxyflavone at a dose of 

50 mg/kg body weight has a protective effect in the 

treatment of methotrexate-induced jejunum toxicity 

in adult female Wistar rats. These findings suggest 

that chrysin, with its antioxidant and anti-

inflammatory properties, could serve as a potential 

therapeutic agent for protecting against methotrexate-

induced intestinal toxicity, reducing oxidative 

damage, and inflammation.  
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