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Abstract: 5-Fluorouracil (5-FU), an antineoplastic agent, causes intestinal mucositis (IM) that limits the drug efficacy. The aim of 

this study was to reveal the protective and/or therapeutic effects of berberine (BER), an isoquinoline quaternary alkaloid, on IM 
induced by 5-FU in rats. Forty Wistar albino male rats were randomly divided into five groups: Control, 5-FU, 5-FU+BER75 (75 

mg/kg/day), 5-FU+BER150 (150 mg/kg/day) and 5-FU+BER300 (300 mg/kg/day). 5-FU was intraperitoneally (i.p) injected at a 

dose of 60 mg/kg on alternate days for 4 days, while other groups were orally received BER daily for 7 days. By the end of study, 
intracardiac blood samples were collected and intestinal tissues were removed for histological examination. TNF-α, IL-6 and NF-κB 

levels were measured in serum using commercial ELISA kits. Results showed that BER at increasing doses ameliorated body 

weight loss and histopathological damage. It was concluded that BER may be effective in the treatment and/or prophylaxis of the 
damage in the gastrointestinal system caused by 5-FU in a dose-dependent manner. 
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Özet: Çalışmamızda, sıçanlara 5-florourasil uygulanması ile oluşturulan gastrointestinal mukoza hasarına karşı berberinin terapötik 

potansiyelinin araştırılması. Gereç ve Yöntem: Çalışmada 6-8 haftalık Wistar Albino erkek sıçanlar kontrol, 5FU, BER75, BER150 

ve BER300 olarak 5 gruba ayrılmıştır (n=8/grup). 5FU, BER75, BER150 ve BER300 gruplarına 0-7. günler arasında gün aşırı 5-FU 
(60 mg/kg, ip) uygulanarak mukozit oluşturuldu. BER75, BER150 ve BER300 gruplarına sırasıyla 75, 150 ve 300 mg/kg/gün 

dozlarda berberin yine 0-7. günler arasında hergün po uygulandı. Deneyin başında ve sonunda hayvanların vücut ağırlıkları ölçüldü. 

Total antioksidan aktivite (TAS), total oksidan aktivite (TOS), TNF-α, IL-6 ve NF-κB düzeylerinin serumda tayinleri için ELISA 
yöntemi kullanıldı. Jejenum ve ileum doku kesitlerinde histopatolojik değerlendirme yapıldı. Bulgular: Deneyin sonunda 

hayvanların vücut ağırlıklarındaki yüzde değişimi (%VA) tedavi gruplarında kontrol grubuna göre anlamlı derecede daha düşüktü 
(her biri için p ˂0,001), ancak berberin tedavisi 5-FU’in oluşturduğu kilo kaybını düzeltmemiştir. Oksidatif stres indeks değerleri 

açısından gruplar arasında anlamlı fark bulunamadı (p >0,05). IL-6 düzeyi 5FU grubuna kıyasla BER75 grubunda hafif, BER150 ve 

BER300 gruplarında anlamlı derecede azaldı (sırasıyla, p>0,05; p=0,002 ve p=0,002). TNF-α düzeyi 5-FU grubuna kıyasla BER75, 
BER150 ve BER300 gruplarında azaldı (sırasıyla p> 0,05; p=0,003; p> 0,05). NF-κB düzeyi kontrol grubuna kıyasla 5FU grubunda 

bir miktar yüksek bulunmuştur (p> 0,05). BER75, BER150 ve BER300 gruplarında ise anlamlı derecede azaldı (sırasıyla p<0.05, 

p<0,001 ve p<0.05). Histopatolojik olarak 5-FU grubunda yoğun epitel hasarı, inflamatuvar hücre infiltrasyonu, kanama ve ödem 
odakları görüldü. Tedavi gruplarında ise berberinin doz bağımlı bir şekilde bu hasarı azalttığı tespit edildi. Sonuç: Berberinin doz 

bağımlı olarak sıçanlarda 5-florourasil ile oluşturulan gastrointestinal mukozitte potansiyel bir terapötik ajan olabileceği 

düşünülmektedir. 
 Anahtar Kelimeler: 5-Florourasil, Berberin, gastrointestinal mukozit, invivo 
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1. Introduction 

5-fluorouracil (5-FU), an antimetabolite agent, 

has been used for almost 70 years in the 

treatment of several malignant tumors such as 

hepatocellular, breast, colorectal, head and 

neck cancer (1). It inhibits thymidylate 

synthase (TS) enzyme, which plays a role in 

nucleotide synthesis (2).  

Because 5-FU has cytotoxic effects on tumor 

cells, it is also highly irritant and toxic drug 

for helathy cells. Therefore, one of the 

important challenges in the treatment with 5-

FU is the narrowness of its therapeutic 

window (3). Although 5-FU has many 

hematological, dermatological, neurological, 

and acute cardiotoxic adverse effects (4-6), 

the most commonly seen adverse effects are 

in gastrointestinal system (nausea, vomiting, 

diarrhea and mucositis). One of the major 

adverse effects decreasing the treatment 

compliance of patients receiving 5-FU is 

mucositis which also reduces the quality of 

life (7).  

Mucositis, can develop in entire 

gastrointestinal tract from the mouth to the 

anus, and increases the risk of ulceration and 

inflammation of the mucosal tissue. The 

pathological change in the intestinal mucosa 

caused by chemotherapy occurs in five stages. 

The formation and up-regulation of the 

chemotherapy-induced messenger signals, 

followed by the increase of mucosal damage, 

ulceration and the onset of the healing process 

via inflammatory mediators, respectively (7). 

The mechanisms involved in the development 

of mucositis due to 5-FU administration are 

oxidative stress, proinflammatory cytokines 

[especially IL-6, interleukin-1β (IL-1β), and 

TNF-alpha] and apoptosis (7, 8). Although 

opioid receptor agonists or cannabinoid 

receptor antagonists are currently used in the 

treatment of mucositis to inhibit the 

gastrointestinal motility, these treatments can 

also cause serious adverse effects (7).  

It has been reported that essential oils, 

tannins, saponins, flavonoids and alkaloid 

derivatives play a role in the healing of 

mucositis by reducing the synthesis of 

proinflammatory cytokines (9). Berberine 

(BER), a constituent of Rhizoma coptidis 

(RC), commonly used for the treatment of 

gastroenteritis for a long time in Chinese 

medicine (10) is currently used as an over-the-

counter drug for colitis, diarrhea,  and 

gastroenteritis (11). In a previous study, BER 

was reported to improve 5-FU induced 

intestinal mucositis in mice by modulating the 

gut microbiota (12). There are also several 

studies reporting many beneficial effects of 

BER including antidiarrheic, anti-

inflammatory, and antitumoral effects (13). 

In our study, the preventive effect of BER in 

5-FU-induced gastrointestinal damage in rats 

was evaluated through its anti-inflammatory 

activity. It is among the objectives of the 

study to enrich the literature on berberine and 

to be a step in bringing this active substance 

to modern medicine as well as traditional 

medicine. 

2. Materials and Methods 

Forty adult male Wistar Albino rats (8-10 

weeks old, weighing 200-300 g) were used in 

the experiment. They were housed in a 

temperature (24±1°C) and relative humidity 

of 65%-70% controlled room with a 12:12-h 

light-dark cycle with food and water ad 

libitum.  

Study design 

5-FU (Kocak Farma, Turkey) has been 

reported to induce intestinal mucositis in rats 

by intraperitoneal (i.p.) administration for 7 

days on alternate days (14). BER (Fluoro 

Chem, England) was administered daily for 

the same 7 days. Forty male Wistar albino rats 

were randomly divided into five groups 

(n=8/per group).  

• Control group: Phosphate-buffered 

saline (PBS) (Biomatik, Canada) (p.o by 

gavage) for 7 days  

• 5FU group: 5-FU (60 mg/kg) i.p for 7 

days on alternate days 

• BER75 group: Berberine (75 mg/kg, 

p.o, daily), 5-FU (60 mg/kg, i.p, on alternate 

days) for 7 days 

• BER150 group: Berberine (150 

mg/kg, p.o, daily), 5-FU (60 mg/kg, i.p, on 

alternate days) for 7 days 



Effect of Berberine On Gastrointestinal Mucositis 

141 
 

• BER300 group: Berberine (300 

mg/kg, p.o, daily), 5-FU (60 mg/kg, i.p, on 

alternate days) for 7 days 

At the end of the 7-day treatment period and 

24 hours after the last drug dose, all animals 

were euthanized by cervical dislocation under 

high-dose general anesthesia. Intracardiac 

blood was collected, and centrifuged at 5000 

rpm for 15 minutes at room temperature. 

Serum samples were stored at -80°C. The 

ileum and jejunum were removed and stored 

in 10% formaldehyde solution until 

histological evaluation. Animals were 

weighed on Day 0 (BW1) and on Day 7 

(BW2) of the experiment. Body weight 

change (BW%) was calculated as percentages 

[BW% = (BW2–BW1)x100/BW1].  

Biochemical evaluation 

Commercially available IL-6 (Shanghai YI 

biotech Co. Ltd. Rat Interleukin 6 ELISA Kit, 

China), NF-kB (Shanghai YI biotech Co. Ltd. 

Rat NF-kB ELISA Kit, China) and TNF-α 

(Shanghai YI biotech Co. Ltd. Rat TNF-α 

ELISA Kit, China) ELISA kits were used to 

evaluate cytokine levels in rat plasma 

samples. 

Histological evaluation 

Jejunum and ileum tissues were fixed in 10% 

formaldehyde solution for 24 hours. After the 

fixed tissues were washed for 6 hours, they 

were turned into paraffin blocks by going 

through routine tissue follow-up processes 

(dehydration, clearing, paraffin impregnation 

and embedding in paraffin). 5 µm thick 

sections were taken from paraffin blocks and 

routine hematoxylin-eosin (H&E) staining 

(deparaffinization, hydration, HE dye steps 

and dehydration) was performed and the 

slides were closed with entellam. Images 

representing the findings of the examination 

performed under a binocular microscope were 

taken with a digital camera.  

Statistical analysis 

Statistical analysis was performed with SPSS 

Version 21.0 statistics software package 

program (IBM, Armonk, NY, USA). One-way 

analysis of variance (ANOVA) followed by 

post hoc Tukey's test was applied to the 

variables consisting of independent groups 

and showing normal distribution (IL-6). The 

comparison of continuous variables of more 

than two groups that did not meet the normal 

distribution was analyzed by the Kruskal-

Wallis test (TNF-α, NF-κB). Descriptive data 

were expressed as mean± standard error of the 

mean (SEM) and median (25%-75% 

percentiles). The p-value less than 0.05 was 

considered as statistically significant.  

3. Results 

Body weight change 

The percentage change in body weight 

(BW%) was significantly different in 5FU, 

BER75, BER150 and BER300 group 

compared to the control group (p<0.001). 

BW% was significantly decreased in 5-FU 

group compared to control group  (p<0.001). 

Berberine treatment at the dose of 150 mg/kg 

slightly prevented weight loss induced by 5-

FU (p>0.05) (Figure 1).  

Biochemical evaluation 

Serum IL-6 level was not found to be 

significantly different in 5-FU group 

compared to control group (p>0.05), however 

it was significantly decreased in the BER150 

and BER300 groups compared to 5FU group 

(p=0.002) (Figure 2) 

Serum TNF-α level was not found to be 

significantly different in 5-FU group 

compared to control group (p>0.05), however 

it was significantly decreased in the BER150 

group compared to 5FU group  (p=0.003). 

Serum NF-kB level was slightly increased in 

5-Fu group compared to control group and it 

was significantly decreased in BER75, 

BER150 and BER300 groups compared to 

5FU (p<0.001, p=0.003 and p=0.043, 

respectively) (Table 1) 

Histological Evaluation  

In contrast to the normal histological structure 

seen in both jejunum and ileum preparations 

of control group, epithelial damage, 

inflammatory cell infiltration, bleeding and 

edema foci were observed in the 5-FU group. 
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However, all these pathological changes seen 

in 5-FU group were more intense in the 

jejunum than the ileum. On the other hand, 

berberine treatment reduced the damage 

caused by 5-FU in a dose-dependent manner 

both in jejunum and ileum (Figure 3 and 4).  

 

 

Figure 1. The percent change observed in body weight at the end of the study (BW%). 

***, p<0.001 compared to control; ++, p<0.01 compared to BER75 

 

 

Figure 2. Serum IL-6 levels of rats in all groups. 

**: p=0.002 compared to 5FU 

(One-way analysis of variance) 

 

Table 1. Serum TNF-α and NF-κB levels  

Kruskal-Wallis One Way Analysis of Variance on Ranks (Median 25%-75%) 

 
Groups 

N 
Mean 

Std. error of mean 
Median (25%-75%) p  

Pairwise 

comparisons 

TNF-α 

(ng/l) 

Control 8 109.843±10.820 92.06 (86.01-144.13) 

p=0.003** 

p=0.003 5FU vs 
BER150 

5FU 8 125.718±11.413 109.81 (104.98-148.47) 

BER75 7 96.709±11.618 94.72 (77.51-118.73) 

BER150 8 63.467±8.763 63.69 (46.34-81.98) 

BER300 5 69.511±15.173 85.39 (43.79-96.44) 

NF-κB 

(ng/l) 

Control 8 1.839±0.116 1.9635 (1.787-2.0375) 

p=0.002** 

p=0.003 BER150 
vs 5FU; p=0.043 

BER300 vs 5FU; 

p<0.001 BER75 
vs 5FU 

5FU 8 2.262±0.113 2.281 (2.0235-2.49) 

BER75 7 1.612±0.171 1.575 (1.3085-1.779) 

BER150 8 1.402±0.086 1.3045 (1.2095-1.6315) 

BER300 5 1.470±1.162 1.283 (1.2-1.823) 
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Figure 3. Hematoxylin-eosin staining of jejunum sections. 

 

The control group (A) was found to have normal histology. In the 5FU group (B), epithelial 

damage (thick arrow), inflammatory cell infiltration (thin arrow), bleeding (arrowhead) and 

edema (star) foci were determined. It was determined that the damage caused by 5-FU was 

reduced in a dose-dependent manner in the groups administered 75 (C), 150 (D) and 300 (E) 

mg/kg berberine. All bars are 100 µm 

 

 

Figure 4. Hematoxylin-eosin staining of ileum sections. 

 

The control group (A) was found to have 

normal histology. Epithelial damage (Bold 

arrow), bleeding (Arrowhead) and edema 

(Star) foci were determined in the 5FU group 

(B). It was determined that the damage caused 

by 5-FU was reduced in a dose-dependent 

manner in the groups administered 75 (C), 

150 (D) and 300 (E) mg/kg berberine. All bars 

are 100 µm. 

4. Discussion and Conclusion 

This study was carried out to investigate the 

effect of berberine at different doses against 
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5-FU-induced tissue damage in the 

gastrointestinal tract in rats in terms of body 

weight change, cytokine levels and 

histological findings. 

There are studies in the literature showing that 

there is a decrease in body weight of 

experimental animals due to 5-FU 

administration (15-17). Following the increase 

in apoptosis and decrease in proliferation in 

the intestines due to treatment with 5-FU, the 

homeostasis of crypt cells is impaired and the 

villus structures are shortened (12, 18). These 

processes result in the formation of intestinal 

mucositis. Worsening of intestinal mucositis 

with continued treatment results in decreased 

absorption of nutrients and loss of appetite 

and is the main cause of weight loss (19, 20). 

Moreover, some studies reported that death 

occurred in experimental animals due to 

excessive weight loss (20).  

In the study of Chen et al (12), 100 mg/kg 

berberine treatment significantly decreased 

weight loss in rats treated with 40 mg/kg 5-

FU. Although not stastitically different, 

weight loss was also slightly decresed in 

BER150 and BER300 groups in our study. 

Because it is possible that adverse effects of 

5-FU can increase dose-dependently, higher 

5-FU dose used in our study might resulted in 

the ineffectiveness of berberine to decrease 

the general toxic effects of 5-FU (21). In 

addition, the statistically significant higher 

weight loss in the BER75 group compared to 

the BER150 group can be considered as an 

insufficient berberine dose against intetinal 

mucositis induced by 5-FU (12). On the other 

hand, there was a slightly greater decrease in 

body weight in the BER300 group compared 

to the BER150, suggesting that the dose-

dependent side effects of berberine may have 

an additional effect in 300 mg/kg berberine 

administration (22). 

Two separate mechanisms play a fundamental 

role in the formation of intestinal mucositis. 

The first of these is the damage to cells, 

tissues and vessels following the formation of 

reactive oxygen derivatives due to 

chemotherapy. The other mechanism is 

through the synthesis of proinflammatory 

cytokines. The main cytokines synthesized are 

interleukin-6 (IL-6), interleukin-1β (IL-1β), 

tumor necrosis factor alpha (TNF-α), and 

interferon gamma (IFN-γ). The synthesis of 

cytokines is the first step in the formation of 

advanced tissue damage (23, 24). All these 

processes are of great importance in the 

destructive effect of 5-FU on intestinal barrier 

functions (25).  

It is known that one of the important 

processes that affect tissue damage with 

cytokines is the activation of nuclear factor 

kappa B (NF-κB). (25, 26). In their study, 

Pandey et al suggested that the effect of 

berberine is mediated by the NF-κB pathway, 

based on its regulatory effects on apoptotic, 

carcinogenic and inflammatory processes and 

on cyclooxygenase-2 (COX-2), IL-6, TNF-α  

levels (26). This study also supports our 

results that berberine decreased TNF-α and 

IL-6 proinflammatory cytokine levels besides 

the NF-κB level. Moreover, in a study 

conducted to prevent the development of 

mucositis induced by 5-FU through the 

inhibition of cytokines by using pentoxifylline 

and thalidomide, Lima et al. (27) reported that 

TNF-α inhibition has an important role in 

alleviating weight loss along with the 

improvement of diarrhea. In a similar study 

with cyclosporine, the effect of TNF-α 

inhibitor etanercept on chemotherapy-induced 

mucositis was investigated and it was reported 

that etanercept decreases the apoptosis 

induced in the intestinal epithelium, but does 

not cause any effect on diarrhea and weight 

loss (28). This can be explained by the 

possibility that cytokines other than TNF-α 

also have an important role in the 

development of chemotherapy-induced 

mucositis and gastrointestinal adverse effects  

(29). In this study, berberine treatment 

significantly decreased IL-6 and NF-κB 

levels, as well as TNF-α in varying doses, 

however, weight loss was less affected.  

In accordance with the literature, 

histopathological evaluation in our study 

revealed normal jejunum and ileum tissues 

with no damage in the control group. On the 

other hand, tissue damage characterized by 

epithelial damage, inflammatory cell 

infiltration, hemorrhage and edema foci was 

observed in 5-FU group (17, 30, 31). It should 
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be noted that, 5-FU caused greatest damage 

on the jejunum compared to the ileum. All 

these histopathological changes were dose-

dependently decreased in berberine-treated 

groups. Histopathological evaluation in this 

study support the biochemical and 

morphological findings and are compatible 

with the literature. 

In summary, one of the most important results 

obtained from our study is the possibility that  

tissue damage in the gastrointestinal tract due 

to 5-FU administration can be prevented by 

increasing the dose of berberine. This study 

will contribute to the literature of berberine, 

which has been mentioned many times in 

different studies in the prevention of side 

effects that may occur in cancer chemotherapy 

 

REFERENCES 

 

1. AlQahtani SA, Harisa GI, Alomrani AH, 

Alanazi FK, Badran MM. Improved 

pharmacokinetic and biodistribution of 5-

fluorouracil loaded biomimetic 

nanoerythrocytes decorated nanocarriers for 

liver cancer treatment. Colloids Surf B 

Biointerfaces. 2021;197:111380. 

2. Longley DB, Harkin DP, Johnston PG. 5-

fluorouracil: mechanisms of action and 

clinical strategies. Nat Rev Cancer. 

2003;3(5):330-8. 

3. Goirand F, Lemaitre F, Launay M, Tron C, 

Chatelut E, Boyer JC, et al. How can we 

best monitor 5-FU administration to 

maximize benefit to risk ratio? Expert Opin 

Drug Metab Toxicol. 2018;14(12):1303-13. 

4. Depetris I, Marino D, Bonzano A, Cagnazzo 

C, Filippi R, Aglietta M, et al. 

Fluoropyrimidine-induced cardiotoxicity. 

Crit Rev Oncol Hematol. 2018;124:1-10. 

5. Boileve A, Thomas L, Lillo-Le Louet A, 

Gaboriau L, Chouchana L, Ducreux M, et al. 

5-Fluorouracil-induced hyperammonaemic 

encephalopathy: A French national survey. 

Eur J Cancer. 2020;129:32-40. 

6. Polk A, Vaage-Nilsen M, Vistisen K, 

Nielsen DL. Cardiotoxicity in cancer 

patients treated with 5-fluorouracil or 

capecitabine: a systematic review of 

incidence, manifestations and predisposing 

factors. Cancer Treat Rev. 2013;39(8):974-

84. 

7. Atiq A, Shal B, Naveed M, Khan A, Ali J, 

Zeeshan S, et al. Diadzein ameliorates 5-

fluorouracil-induced intestinal mucositis by 

suppressing oxidative stress and 

inflammatory mediators in rodents. Eur J 

Pharmacol. 2019;843:292-306. 

8. Gori S, Inno A, Belluomini L, Bocus P, 

Bisoffi Z, Russo A, et al. Gut microbiota and 

cancer: How gut microbiota modulates 

activity, efficacy and toxicity of antitumoral 

therapy. Crit Rev Oncol Hematol. 

2019;143:139-47. 

9. de Morais EF, Batista Severo ML, Dantas 

Martins HD, Trevizani Martins MA, Martins 

MD, de Almeida Freitas R, et al. 

Effectiveness of phytotherapeutics in the 

prevention and treatment of 5-fluorouracil-

induced oral mucositis in animal models: A 

systematic review. Arch Oral Biol. 

2021;123:104998. 

10. Wang Y, Liu J, Huang Z, Li Y, Liang Y, 

Luo C, et al. Coptisine ameliorates DSS-

induced ulcerative colitis via improving 

intestinal barrier dysfunction and 

suppressing inflammatory response. Eur J 

Pharmacol. 2021;896:173912. 

11. Li C, Ai G, Wang Y, Lu Q, Luo C, Tan L, et 

al. Oxyberberine, a novel gut microbiota-

mediated metabolite of berberine, possesses 

superior anti-colitis effect: Impact on 

intestinal epithelial barrier, gut microbiota 

profile and TLR4-MyD88-NF-kappaB 

pathway. Pharmacol Res. 2020;152:104603. 

12. Chen H, Zhang F, Li R, Liu Y, Wang X, 

Zhang X, et al. Berberine regulates fecal 

metabolites to ameliorate 5-fluorouracil 

induced intestinal mucositis through 

modulating gut microbiota. Biomed 

Pharmacother. 2020;124:109829. 

13. Lu Y, Huang J, Zhang Y, Huang Z, Yan W, 

Zhou T, et al. Therapeutic Effects of 

Berberine Hydrochloride on Stress-Induced 

Diarrhea-Predominant Irritable Bowel 

Syndrome Rats by Inhibiting 

Neurotransmission in Colonic Smooth 

Muscle. Front Pharmacol. 2021;12:596686. 

14. Yigitaslan S. ÖA, Açıkgöz A., Balcı A.G., 

Toprak Ç., Göger F., Şahin E       

Therapeutic Potential of Morus Nigra on 5-

Fluorouracil-İnduced Gastrointestinal 

Mucositis in Rats. Osmangazi Tıp Dergisi. 

2020;42(4):363 - 72. 

15. Sakai H, Sagara A, Matsumoto K, Jo A, 

Hirosaki A, Takase K, et al. Neutrophil 

recruitment is critical for 5-fluorouracil-

induced diarrhea and the decrease in 

aquaporins in the colon. Pharmacol Res. 

2014;87:71-9. 

16. Cool JC, Dyer JL, Xian CJ, Butler RN, 

Geier MS, Howarth GS. Pre-treatment with 

insulin-like growth factor-I partially 



Osmangazi Tıp Dergisi,  2024 

146 
 

ameliorates 5-fluorouracil-induced intestinal 

mucositis in rats. Growth Horm IGF Res. 

2005;15(1):72-82. 

17. Ali J, Khan AU, Shah FA, Ali H, Islam SU, 

Kim YS, et al. Mucoprotective effects of 

Saikosaponin-A in 5-fluorouracil-induced 

intestinal mucositis in mice model. Life Sci. 

2019;239:116888. 

18. Torres DM, Tooley KL, Butler RN, Smith 

CL, Geier MS, Howarth GS. Lyprinol only 

partially improves indicators of small 

intestinal integrity in a rat model of 5-

fluorouracil-induced mucositis. Cancer Biol 

Ther. 2008;7(2):295-302. 

19. Trindade LM, Martins VD, Rodrigues NM, 

Souza ELS, Martins FS, Costa GMF, et al. 

Oral administration of Simbioflora(R) 

(synbiotic) attenuates intestinal damage in a 

mouse model of 5-fluorouracil-induced 

mucositis. Benef Microbes. 2018;9(3):477-

86. 

20. Yasuda M, Kato S, Yamanaka N, Iimori M, 

Matsumoto K, Utsumi D, et al. 5-HT(3) 

receptor antagonists ameliorate 5-

fluorouracil-induced intestinal mucositis by 

suppression of apoptosis in murine intestinal 

crypt cells. Br J Pharmacol. 

2013;168(6):1388-400. 

21. Kline CL, Schiccitano A, Zhu J, Beachler C, 

Sheikh H, Harvey HA, et al. Personalized 

dosing via pharmacokinetic monitoring of 5-

fluorouracil might reduce toxicity in early- 

or late-stage colorectal cancer patients 

treated with infusional 5-fluorouracil-based 

chemotherapy regimens. Clin Colorectal 

Cancer. 2014;13(2):119-26. 

22. Liu CS, Zheng YR, Zhang YF, Long XY. 

Research progress on berberine with a 

special focus on its oral bioavailability. 

Fitoterapia. 2016;109:274-82. 

23. Smith CL, Geier MS, Yazbeck R, Torres 

DM, Butler RN, Howarth GS. Lactobacillus 

fermentum BR11 and fructo-oligosaccharide 

partially reduce jejunal inflammation in a 

model of intestinal mucositis in rats. Nutr 

Cancer. 2008;60(6):757-67. 

24. Mashtoub S, Tran CD, Howarth GS. Emu 

oil expedites small intestinal repair 

following 5-fluorouracil-induced mucositis 

in rats. Exp Biol Med (Maywood). 

2013;238(11):1305-17. 

25. Liu JH, Hsieh CH, Liu CY, Chang CW, 

Chen YJ, Tsai TH. Anti-inflammatory 

effects of Radix Aucklandiae herbal 

preparation ameliorate intestinal mucositis 

induced by 5-fluorouracil in mice. J 

Ethnopharmacol. 2021;271:113912. 

26. Pandey MK, Sung B, Kunnumakkara AB, 

Sethi G, Chaturvedi MM, Aggarwal BB. 

Berberine modifies cysteine 179 of 

IkappaBalpha kinase, suppresses nuclear 

factor-kappaB-regulated antiapoptotic gene 

products, and potentiates apoptosis. Cancer 

Res. 2008;68(13):5370-9. 

27. Lima V, Brito GA, Cunha FQ, Reboucas 

CG, Falcao BA, Augusto RF, et al. Effects 

of the tumour necrosis factor-alpha 

inhibitors pentoxifylline and thalidomide in 

short-term experimental oral mucositis in 

hamsters. Eur J Oral Sci. 2005;113(3):210-7. 

28. Tung D, Cheung PH, Tudor G, Booth C, 

Saha S. In vivo effects of 

immunomodulators in a murine model of 

Fluorouracil-induced mucositis. Curr Ther 

Res Clin Exp. 2011;72(6):262-72. 

29. Huang L, Chiang Chiau JS, Cheng ML, 

Chan WT, Jiang CB, Chang SW, et al. 

SCID/NOD mice model for 5-FU induced 

intestinal mucositis: Safety and effects of 

probiotics as therapy. Pediatr Neonatol. 

2019;60(3):252-60. 

30. de Barros PAV, Rabelo Andrade ME, de 

Vasconcelos Generoso S, Mendes Miranda 

SE, Dos Reis DC, Lacerda Leocadio PC, et 

al. Conjugated linoleic acid prevents damage 

caused by intestinal mucositis induced by 5-

fluorouracil in an experimental model. 

Biomed Pharmacother. 2018;103:1567-76. 

31. Zhang L, Jin Y, Peng J, Chen W, Lisha L, 

Lin J. Qingjie Fuzheng Granule attenuates 5-

fluorouracil-induced intestinal mucosal 

damage. Biomed Pharmacother. 

2019;118:109223. 

 

 
Ethics 

 

Ethics Committee Approval: The study was 
performed in accordance with the guidelines for the 

care and use of laboratory animals approved by the 

local Ethics Committee (Decision no:693-1,  
Date: 14.10.2022). 

Informed Consent: The authors declared that it was 

not considered necessary to get consent from the 
patients because the study was a retrospective data 

analysis. 

Authorship Contributions: MK and SY conceived 
and planned this research. MK, NH, and EE conducted 

the experiments. MK, EŞ, and NH contributed to 

sample preparation. SY, ÇÇÜ and MK contributed to 
the interpretation of the results. SY took the lead in 

writing the manuscript. All authors provided critical 

feedback and helped shape the research, analysis and 
manuscript. 

Copyright Transfer Form: Copyright Transfer Form 

was signed by all authors.  
Peer-review: Internally peer-reviewed.  

Conflict of Interest: No conflict of interest was 

declared by the authors.  
Financial Disclosure: This study was supported by 

Eskisehir Osmangazi University Scientific Research 

Projects Commission within the scope of the project 
numbered 201911A106 

 

©Copyright 2024 by Osmangazi Tıp Dergisi - Available online at tip.ogu.edu.tr ©Telif Hakkı 2024 ESOGÜ Tıp Fakültesi - Makale metnine dergipark.org.tr/otd web sayfasından 

ulaşılabilir. 

 

http://www.cocukenfeksiyon.org/
http://www.cocukenfeksiyon.org/

