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5-Flurouracil induced hematological alterations in 

wistar rats and its amelioration with naringenin 
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Abstract 
The present study was aimed to evaluate protective effect of NARENGENIN (NG) on 5-Flurouracil (5-

FU) induced hematological alterations in Wistar rats. A total of forty eight (48) adult male abino Wistar 

rats were divided into 4 groups each. The group 1 (control), group 2 treated with 5-FU (@ 20 mg/kg b. 

wt., IP) for 5 days, group 3 administered with NG (@ 100 mg/kg b.wt, P/O) for 28 days and group 4 rats 

provided with 5-FU (@ 20 mg/kg b. wt) +NG (@ 100 mg/kg b. wt). The experiment was carried out for a 

duration of 28 days and each group were sacrificed on 14th and 28th day of the experiment. Hematological 

parameters were significantly reduced in group 2 expect TLC and significant improvement of all 

parameters was noticed in ameliorative group (group 3). 
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1. Introduction 

5-FU is an antimetabolite, fluropyrimidine analogue, broad-spectrum anti-cancer drug used 

clinically since 1957’s (Heidelberger et al., 1957) [1]. It is the third most commonly used 

chemotherapeutic agent in treatment of solid malignancies across the World and second most 

common drug associated with cardiotoxicity after anthracyclines (Sorrentino et al., 2012; Polk 

et al., 2014 and Yuan et al., 2019) [2-4]. It incorporates its metabolites into DNA and RNA and 

interferes with nucleoside metabolism which inhibits thymidylate synthase (TS) which 

interfere DNA replication leads to cytotoxic cell death and apoptosis (Longley et al., 2003 and 

Miura et al., 2010) [5, 6]. 

5-FU produces some adverse effects like nausea, vomiting, stomatitis, mucositis, diarrhoea, 

leucopenia, hemolytic anemia, thrombocytopenia and neurotoxicity (Eskandari et al., 2014 and 

Yousef and Aboelwafa, 2017) [7, 8]. Anti cancerous drugs, heavy metals and pesticides induce 

haemotoxicity apart from damaging other organs viz: kidneys, liver, heart, lungs, retina and 

bones in humans and experimental animals [9, 10]. 5-FU also decreases in the activity of 

antioxidant enzymes results in cardiac (Sengul et al., 2021) [11], pulmonary (Gedikli and Erbas, 

2021) [12], hematological (Gelen and Sengul, 2018) [13] through oxidative stress, inflammation 

and apoptosis (Gelen et al., 2018) [14].  

Nowadays, the main focus is on using natural products like Quercetin, Rutin and Resveratrol 

(RES) that have rich sources of phyto chemicals, provide a pool of anti-oxidants. Naringenin 

(NG) is a flavonoid found in grapefruit, citrus, orange and tomato (Igual et al., 2013) [15]. It has 

protective effects against cardiotoxicity (Rajadurai and Prince, 2007) [16], pulmonary (Gedikli 

and Erbas, 2021) [12], hepatotoxicity, nephrotoxicity (Gelen et al.,2018) [14] and hematological 

toxicities (Gelen and Sengul, 2018) [13] through anti-oxidant, immune-modulatory and anti-

inflammatory properties (Nie et al., 2012) [17]. 

 

2. Materials and Methods 

All chemicals were of analytical grade and they are obtained from Qualigens Pvt. Ltd., 

Mumbai and SRL Pvt. Ltd., Mumbai, India. 5-FU was procured from Celon laboratories 

private limited, Hyderabad. 

 

2.1 Experimental Animals  

A total 48 healthy male albino Wistar rats of 3 months of age, weighing between 180-220 g, 

were obtained from Jeeva Life Science (ISO 9001:2015 certified company), Hyderabad. The 

Experiment was carried out according to the guidelines and prior approval of Institutional  
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Animal Ethics Committee (No.9/24/C.V.Sc., Hyd. IAEC-

Rats/ 12.06.2021). Before beginning of experiment, all 

animals were kept one week for acclimatization under the 

same environmental conditions of temperature 20-22 0C, 12 h 

light/dark cycle. Animals were placed on commercial 

standard bedding material and provided with standard pellet 

feed and ad libitum water through out the experimental 

period. 

 

2.2 Experimental design

 
Table 1: Experimental design with group wise treatment protocol 

 

Group No. of rats Treatment 

Group 1 12 Control (Saline @ 1 mL/ rat/ single dose/ Oral) 

Group 2 12 5-Flurouracil (5-FU @ 20 mg/ kg body wt/ Intra-peritoneal route of administration (ROA) for 5 days 

Group 3 12 Naringenin powder (NG @ 100mg/rat once daily orally for 28 days 

Group 4 12 
5-Flurouracil  (5-FU @ 20 mg/ kg body wt/ Intra-peritoneal  ROA + Naringenin powder (@ 1 mL/rat once daily 

orally for 28 days). 

 

2.3 Sample collection and analysis 

Six (6) rats from each group were sacrificed on 14th and 28th 

day of experiment. On the day of sacrifice, 2-3 mL of blood 

was collected from retro-orbital plexus with the help of 

capillary tube in an anticoagulant coated vaccutainers {K3- 

EDTA tube, 13 mm x 75 mm, 4 mL (Rapid Diagnostics Pvt. 

Ltd., Delhi)} to carry out all hematological parameters. Prior 

to blood collection, the selected experimental rats were put to 

fast for 12 hours. All the blood samples were used for 

estimation of Total Erythrocyte Count (TEC-millions/μL), 

Total Leukocyte Count (TLC-thousands/μL), Hemoglobin 

(Hb-g%) concentration, Packed Cell Volume (PCV), platelets 

by using automatic whole blood analyzer (Humacount, med 

source ozone biomedical Pvt. Ltd., Faridabad, Haryana) and 

results were tabulated for statistical analysis. 

  

2.4 Statistical analysis  

Data obtained were subjected to statistical analysis by 

applying one-way ANOVA using statistical package for 

social sciences (SPSS) version 16.0. Differences between the 

means were tested by using Duncan’s multiple comparison 

tests and significance level was set at P< 0.05 (Snedecor and 

Cochran, 1994) [18]. 

 

3. Results 

Haematological studies revealed that in group 2 there were 

significantly reduced mean values of total erythrocyte count 

(TEC), haemoglobin (Hb) concentration, packed cell volume 

(PCV), platelets and significantly elevated mean values of 

total leucocyte count (TLC) when compared to group 4 on 

14th and 28th day of experiment. Significantly (P< 0.05) 

increased mean values of TEC, Hb, PCV, platelets and 

decreased TLC values were recorded in group 4 when 

compared to group 2 rats on day 14th and 28th day of the 

experiment. Statistically, no significant difference were 

observed between the groups 1 and 3.  
 

Table 2: Effect of 5-FU and NG on haematological parameters 
 

Groups Group 1 Group 2 Group 3 Group 4 

Days 14th 28th 14th 28th 14th 28th 14th 28th 

TEC (mil/µL) 8.78±.17a 9.48±.36a 5.54±.15c 4.78±.08c 8.91±.08a 9.38±.04a 7.51±.3b 5.99±.06b 

Hg (g%) 16.43±.716a 16.60±.16a 9.64±.08c 8.81±.09c 16.18±.04a 16.48±.14a 11.67±.17b 12.51±.17b 

TLC (thou/µL) 9.36±.17c 9.12±.10c 15.26±.10a 17.01±.23a 8.89±.09c 9.01±.07c 12.75±.15b 13.23±.10b 

PCV (%) 44.46±.20a 49.44±1.92a 37.50±.65c 32.06±.4c 43.52±.5a 47.16±.60a 39.16±.31b 41.95±.51b 

Platelets (Lakhs/µL) 8.31±.41a 9.23±.23a 3.89±.14c 4.12±0.39c 8.12±.53a 9.13±.25a 5.23±.27b 7.13±.24b 

Values are Mean±SE (n=6); One-way ANOVA 

Means with different superscripts in a column differ significantly at (P<0.05) 

 

 
 

Fig 1: Total Erythrocyte Count: (TEC-Mill/µL) in different groups 
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Fig 2: Haemoglobin concentration: (Hb-g %) in different groups 

 

 
 

Fig 3: Total Leucocytes Count: (TLC-Thousands/µL) in different groups 

 

 
 

Fig 4: Packed Cell Volume (Hematocrit): (PCV-%) in different groups 
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Fig 5: Platelets count (Lakhs/µL) in different groups 

 

4. Discussion 

Haematological examination assess the harmful effects of 

chemotherapeutic drugs on living organisms and provides the 

opportunity to clinically investigate the presence of 

metabolites, other constituents in the body of animals and it 

plays a vital role in the physiological, nutritional and 

pathological status of an animal (Lijuvet al., 2013) [19]. In the 

present study, significantly (P<0.05) decreased mean values 

of various haematological parameters viz., TEC, Hb 

concentration, PCV, platelets and numerically elevated mean 

values of TLC were observed in the present study among 

group 2 rats when compared with group 1 rats on 14th and 28th 

day of experiment. A significant change in hematological 

parameters may be due to destruction of bone marrow cells or 

enhancement of osmotic fragility and brittleness of RBCs, 

disrupts erythropoiesis, altered RBCs membrane permeability 

and increased LPO and MDA levels of erythrocytes. There is 

also change in RBC morphology due to deoxygenation of Hb 

along with impaired iron metabolism which lead to anemia 

and thereby decreased in Hb concentration. Decrease in the 

PCV per cent may be due to the increased rate of breakdown 

of RBCs. A significant (P<0.05) increase in mean values of 

TLC could be due to generation of ROS production is 

associated with intense inflammatory process that leads to 

influx of inflammatory cells by activation of animal’s defence 

mechanism. These findings are in agreement with Spasojevic 

et al. (2009; Zhao et al. 2014; Gelen and Sengul 2018 and 

Mao et al. 2019 [13, 20-22]. 

In group 4 rats, a significant increase in erythrocyte indices 

were observed in comparison to group 2. Hypothetically, NG 

might have helped in promoting hematopoiesis through 

secretion of erythropoietin which stimulate proliferation and 

differentiation of myeloid progenitor cells and protect cells 

against oxidative damage (Mahmoud, 2013; Karale and 

Kamath, 2016 and Gelen and Sengul, 2018) [13, 23, 24]. 

 

5. Conclusion  

In conclusion, 5-FU caused significant reduction TEC, Hb, 

PCV and platelets by the formation of free radicals and 

increased TLC due to immune response. However, naringenin 

supplementation to treated rats exhibited comparatively 

reduced adverse effects indicating its protective antioxidant, 

anti-inflammatory property. Thus, present investigation 

confirmed the moderate protective role of NG against 5-

Flurouracil toxicity.  
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