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Cytogenetic and immunological efficacy of nicotiflorin and 
rutin combination on gamma irradiated rats 

INTRODUCTION 

Though radiotherapy is one of the main                     
therapeutic ways against malignant tumor                       
progression, its damaging effects even acute or 
chronic toxicities habitually will be appeared. So           
serious studies were carried on to provide evidence 
that, using free radical scavengers immediately             
before radiation exposure is a necessity to alleviate 
DNA damage and prevent cell death. Further research 
has led to a large number of experimental studies 
defining suitable radioprotectors (1). 

Natural compounds are non-toxic over wide dose 
ranges and are inexpensive and effective.                  
Additionally, pharmacological strategies have been 
developed that use radioprotectors to inhibit              
radiation-induced toxicities (2). Nicotiflorin, a                  
phenolic compound contains flavonoids moiety                 
O-glycosidically linked to carbohydrate moiety at the 
C3-position. It is found in many plants as ginkgo nuts 
and tea (3). Moreover, nicotiflorin was recorded as a 
potent compound against severe immunological and 
chemical injuries; this might be attributed to its             
antioxidant and immunoregulatory prospect (4). Rutin 
also is a plant pigment citrus flavonoid formed from 

glycoside combining the flavonol quercetin and the 
disaccharide rutinose (5). It is found in a wide variety 
of plants such as buckwheat, Japanese pagoda tree, 
lime tree flowers, and Eucalyptus. Rutin is                         
phytochemical with multiple pharmacological               
activities, anticancer effects on different cell lines, 
and decreases DNA damage (6). The combination of 
various flavonoids showed high scavenging activity 
on hydroxyl radicals either due to its direct potential 
in scavenging free radicals or modulating the                 
antioxidant defence system. In parallel, flavonoids 
have anti-inflammatory potency via different               
pathways as the inhibition of NO release, and the  
suppressing the TNF-α and IL-6 (7). 

There are various methods used for the                   
recognition of early DNA damage due to                       
environmental and occupational exposure to ionizing 
radiation (8). Comet assay was introduced for the         
detection of double-strand breaks, single-strand 
breaks, alkali labile sites, DNA cross-linking, and            
incomplete excision repair sites (9). Supporting comet 
assay, the MN assay has been developed for                   
genotoxicity and mutagenicity that can modify              
chromosome structure and induce segregation error 
(10). As so far the application of genotoxicity testing 
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Background: Cytogenetic and immunological damages after ionizing radiation 
exposure are critical factors that lead to many different events and consequences 
cascade reactions starting from inflammation, ending with cell damage. These 
biological events if not well controlled will lead to deleterious effects and cancer. The 
present study aimed to evaluate the efficacy of the Nicotiflorin and Rutin (NR) 
combination against drastic effects resulted from γ-irradiation. Materials and 
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assessing inflammatory cytokines Interluekines-1β (IL-1β), tumor necrosis factor (TNF-
α), and homeostasis maintenance cytokines (IL-6 & IL-10). Results: Irradiated group 
recorded a significant increase in micronuclei (MNi) incidences and significant DNA 
fragmentation. As well, immunological parameters displayed a significant increase in 
all measured interleukins except IL-10 which recorded a significant decline. The group 
injected with NR before irradiation showed significant improvement in all measured 
parameters. Conclusion: The efficacy of the NR combination may be attributed to its 
dual protective effects (cytogenetic and immunological enhancement) against damage 
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suggests that no single assay can fully detect all             
genotoxic aspects (11). 

Cytokines are glycoproteins produced by a variety 
of cells and are secreted into the extracellular space 
to participate in the immune response and                   
inflammatory regulation (12). Many studies report that 
inflammatory cytokines, such as IL-1β, TNF-α, and      
IL-6, all induced by ionizing radiation, significantly 
contribute to the disorders associated with               
radiotherapy in the blood (13). Moreover, the increase 
in TNF- α is counterbalanced by simultaneous           
synthesis of an anti-inflammatory cytokine IL-10, 
which suppresses the production of many activating 
and regulatory mediators (14). 

NR combination generates synergetic and dual 
power action to protecting animals from ionizing  
radiation drastic hazards. The present novel                   
combination NR made it strongly capable of being              
an antioxidant, free radical scavenger, and                             
immunoregulatory agent.  

 
 

MATERIAL AND METHODS  
 
Animals and management  

Twenty-four healthy adult male rats weighing 160
-190 gm aged 8±2weeks were acquired from              
the animal house of the NCRRT. They were                         
accommodated in polypropylene cages regarding 
typical laboratory circumstances and regulated             
temperature (24±4°C) throughout the experiment. All 
the study's protocols, animal precautions, and              
treatment were in agreement with the guiding           
principles allocated by the Research Ethics                  
Committee (REC-NCRRT) with No. (25A/20). 

 
γ- irradiation 

The γ-irradiation was done by the Canadian               
γ-cell-40 for biological irradiation (Cesium-137) in 
the NCRRT, Nasr city, Cairo, Egypt, giving a dose rate 
of 0.43Gy/minutes at the time of the experiment. It 
provides a constant exposure to the whole body of 
the animals (the total dose delivered to animals was 
6Gy) (15), whereas regarding the whole shielding for 
the working staff. 

 
Preparation of NR and its administration 

A mixture of nicotiflorin and rutin prepared in a 
ratio of 1:1and was dissolved in DMSO as solvent. The 
mixture was diluted by ratio 1solvent:9 distilled             
water. The mixture was freshly prepared before the 
administration. Dose at a concentration of 20 mg/kg 
body weight/ day was applied orally for 2 weeks  
before gamma radiation exposure (16, 17). 

 
Experimental design  

The rats were separated into four groups, six           
animals per group, and were managed as follows: 

456 

Control group administered the solvent diluted in 
distilled water, NR group received 20 mg/kg/day of 
NR orally for two weeks, Irradiation group which 
exposed to 6Gy γ-rays and finally, NR+ irradiation 
group which received NR 20 mg/kg/day orally for 2 
weeks before 6Gy γ-irradiation. After the end of  
treatments, rats were sacrificed under light ether 
anaesthesia. 

 

Cytogenetic study 
Micronucleus test: Bone marrow samples were 

collected from the rat’s femur at the sacrificing time, 
according to Schmid (18), three sample slides were 
prepared for each animal for the micronucleus assay. 
The slides were stained with 5% Giemsa stain diluted 
in phosphate buffer (Na2HPO4 0.06 M and KH2PO4 
0.06 M, pH 6.8). According to the study of Albanese 
and Middleton (19), they concluded that the scoring 
MNi in the PCEs is more accurate in the bone marrow 
due to the considerations of staining and sample size 
per animal. So, for each animal 1500 polychromatic 
erythrocytes (PCEs) were counted. The slides were 
scored blindly according to the conventional criteria 
(20, 21). 

Comet assay: Single-cell suspension preparation: 
Bone marrow from the femur of rats was washed 
three times with phosphate buffer solution (PBS: 
NaCl 8.0 g, KCl 0.2 g, Na2HPO4·12H2O 2.8 g, KH2PO4 
0.2 g, pH 7.4), homogenized and resuspended with 
PBS. The assay was performed according to Singh et 
al. (22). For each group, 1000 cells were analysed 
(original magnification ×200) under a fluorescent 
microscope (BX51, Olympus) equipped with a green 
light excitation and 590-nm barrier filter. The comet 
parameters were calculated and photographed by 
TriTek Comet Score v1.5 software. The recorded 
comet parameters to characterize the DNA damage 
are the percentage of DNA in the comet tail (TDNA 
%), tail length (TL), tail moment(TM), and olive           
moment (OTM). 

 

Immunological study 
Determination of IL-1β, IL-6, IL-10, and TNF-α: Its 

principles according to Catalog No. (MB5825017, 
MBS355410, MBS355232, and MBS355371)               
respectively, MyBioSource (China). 

Sandwich Enzyme-Linked Immunosorbent Assay 
for quantitative detection of rat IL-1 beta, IL-6,                
IL-10, and TNF-α concentrations in cell culture                       
supernatants, serum, plasma, tissue homogenates. An 
antibody specific for IL-1β, IL-6, IL-10, and TNF-α 
well-coated plate was used. Standards and samples 
(plasma) are pipetted into the wells, each one present 
in a sample is bound to the immobilized antibody 
specific for it. Then were washed and biotinylated 
anti-interleukins were added. After washing away the 
unbound biotinylated antibody, conjugated                   
streptavidin is pipetted to the wells. Then were 
washed, finally, a substrate solution was added so 
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color developed in proportion to the amount of              
interleukin bound. The Stop Solution changes the 
color from blue to yellow, and the intensity of the 
colour is measured at 450 nm. 

All previous immunological parameters were 
measured by Eliza reader: TECAE, A 5082 made in 
AUSTRIA with serial No: 9000308 type spectra               
classic. 

 
Statistical analysis  

Obtained data were expressed as mean ± standard 
error. Statistical analysis was performed using 
(Statistical Package for Social Science) (SPSS)                
software version 20 for windows by one-way analysis 
of variance (ANOVA) followed by Tukey multiple 
comparison tests (P values < 0.05 were considered as 
significant (23).  

 
 

RESULTS 

 
The effect of NR treatment (20 mg/kg body 

weight) once daily for two weeks on the MN                  
frequencies induced by γ-irradiation in rats’ bone 
marrow is represented in table 1. The data revealed 
that NR had no significant effect on the induction of 
MNi and aberrant cells as compared with that of the 
control group. On the other hand, radiation exposure 
provoked a significant increase in both (total number 
of aberrant cells and MNi frequencies) by ≈20 and 
≈22 folds respectively when compared with control. 
Table 1 also revealed that the micronucleated cells 
with 1MN and 2MNi were increased significantly in 
the irradiated group with ≈18 and ≈29 folds,               
respectively when compared with the control group. 
In addition, the first and only appearance of cells with 
3MNi was detected in the irradiated group.                    
Meanwhile, treatment with NR before the irradiation 
showed a significant reduction of total aberrant cells 
and total frequencies of MN by ≈0.6 and ≈0.5 fold  
respectively when compared with the irradiated 
group, but still significantly higher than that of              
control values. 

Likewise for comet assay results which are            
represented in figure 1 and table 2, the data revealed 
that NR had no significant effect on the induction of 
DNA damage as indicated by comet parameters when 
compared with the control group. On the other hand, 
radiation caused a significant increase in the TL, 
TDNA%, TM, and OTM by ≈19 folds,≈12 folds, ≈29 
folds, and ≈17 folds, respectively when compared 
with the control group. Meanwhile, NR treatment 
before irradiation showed a significant reduction of 
the TL, TDNA%, and TM by ≈0.4 fold, and reduction of 
OTM by ≈0.2 fold when compared with the irradiated 
group, but still significantly different from control 
values.  

 
 
 
 
 
 
 

 

Figure 2 symbolized different responses of             
interleukins. First of all, NR treated group recorded 
non-significant changes when compared with the 
control group. Exposure to γ-irradiation causes a  
significant increase in pro-inflammatory interleukins 
(IL-1β, IL-6, and TNF-α), while regulatory interleukin 
(IL-10) recorded drastic inhibition. On the other 
hand, the treatment with NR before irradiation could 
inhibit the inflammatory effect and re-enhance the 
regulatory effect of IL-10. These levels didn't reach 
normal values but recorded considerable                 
enhancements.  
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Groups 
Normal 

cells 

No. of MNi/ 1000 Cells 
Total 
MNi 

Total No. of 
aberrant 

cell 
Cell+ 
1MN 

Cell+ 
2MN 

Cell+ 
3MN 

Control 
997.00±

0.63 
2.67± 
0.61 

0.33± 
0.21 

00.00 
3.33± 
0.71 

3.00± 0.63 

NR 
997.17±

0.48 
2.50± 
0.34 

0.33± 
0.21 

00.00 
3.17± 
0.65 

2.83± 0.48 

Irrad 
938.83±
3.96ab 

48.33± 
4.22ab 

9.67± 
0.99ab 

2.33± 
0.21ab 

74.67± 
4.67ab 

61.17± 
3.96ab 

NR+ 
Irrad 

965.00±
2.89abc 

31.33± 
2.29abc 

2.83± 
0.79abc 

0.83± 
0.31abc 

39.50± 
3.84abc 

35.00± 
2.89abc 

Table 1. Bone marrow MNi frequencies of rats treated with 
NR and/or 6 Gy γ-irradiation. 

Data expressed as mean ± standard error.  a: Significant difference 
with the control group, b: Significant difference with NR group.c: 
Significant difference with Irrad group.*p<0.05. 

A B 

Figure 1. Demonstrative photomicrograph showing, (A):  
Typical nuclei of undamaged cells of the control group and (B): 

DNA damage observed as comets. 

Groups TL TDNA% TM OTM 
Control 3.90±0.61 5.60±1.48 1.20±0.45 1.38±0.19 

NR 4.28±0.75 7.25±1.49 0.93±0.56 1.63±0.17 
Irrad 72.60±2.60ab 67.85±5.71ab 34.68±3.66ab 23.33±3.32ab 

NR+Irrad 27.85±1.57abc 23.75±1.81abc 12.58±0.52abc 5.08±0.92c 

Table 2. The effect of NR administration with or without 6 Gy 
γ-irradiation on the comet assay parameters 

Legends as in Table (1). TDNA %: The percentage of DNA in the comet 
tail. TL: Tail length. TM: Tail moment. OTM: Olive moment. 

Figure 2. The Effect of NR treatment with or without 6 Gy          
γ-irradiation on rats serum pro-inflammatory and regulatory 

cytokines IL-1β, IL-6, IL-10, and TNF-α. 
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DISCUSSION 
 

Ionizing radiation could directly affect sensitive 
cellular constituent causing excitation and initiation 
of sequence events that end with biological cell             
injury, whichever through killing the cell or altering 
the DNA (24). As well, this may happen indirectly due 
to the radiolysis of water molecules producing              
reactive chemical species which by its role lead            
to cellular macromolecules damage. Excessive                
production of these radicals leads to oxidative injury 
and induces chromosomal damage coupled with MNi 
manifestation (25). The induced DNA damage either 
single or double-strand breaks can be detected by the 
alkaline comet assay (26). In the present work, the 
group of animals which was exposed to 6Gy                      
γ-irradiation shows a significant increase in the DNA 
damage detected by MN test and comet assay. In a 
like manner, our results were in agreement with the 
study of Azzam et al. (27) which denoted the                 
deleterious effect of free radicals on DNA.   

Recently, a strong association was discovered 
between MNi formation and increased inflammation 
markers (28). MNi are formed by lagging acentric  
fragments or whole chromosome that straggled 
through mitosis telophase (29). However, evolving 
novel information reveals that chromosomes               
enclosed in MNi may go through a high                           
fragmentation rate. Additional track of latest studies 
revealed that leaked DNA and chromatin material 
from ruptured MNi activate the instinctive                 
immune process through cyclic guanosine                                    
monophosphate-adenosine monophosphate (cyclic 
GMP–AMP) synthase (cGAS) and its downstream  
signalling effectors stimulator of interferon                   
genes (STING) [cGAS-STING] which stimulates                      
inflammation reaction (28). This stimulation is done 
by variable pathways and streaming consequences, 
including the progress and transcription of the              
pro-inflammatory cytokines as IL-1β and IL-6           
respectively (30). Not only free radicals production but 
also inflammatory reactions are induced by ionizing 
radiation mediated by many inflammation-related 
cytokine genes (31). Given these points, the massive 
increase of the IL-1β and IL-6 levels after exposing 
the experimental animals to 6Gy, in the present 
study, could be explained as a cumulative and              
progressive consequence of either γ-irradiation        
effectors disrupted MN implication.   

The elevation of serum IL-1β, IL-6, IL-8, and          
TNF-α levels after exposure to ionizing radiation was 
confirmed by many studies in various human or 
mammalian cells (31). In Linard et al. (32) study,                
abdominal irradiation (10Gy) induced a cascade of 
inflammatory events characterized by an early (6 h 
after exposure) increase in IL-1β, TNF-α, and IL-6 
mRNA levels in the rat ilealmuscularis layer, while         
IL-10 (an anti-inflammatory cytokine) expression 
vanished completely. In the present study, the serum 
IL-1β, IL-6, and TNF-α levels were elevated after 6Gy 

γ-irradiation, while, IL-10 recorded an inhibitory 
manner. The elevated levels of IL-1 β, IL-6, TNF-α are 
associated with radiation oxidative stress (14). A            
significant elevation of IL-6 was recorded after          
irradiation which is considered as a multifunctional 
cytokine involved in cell proliferation and                
differentiation, maintaining immune homeostasis, 
macrophage function, and other key functions (32). The 
equilibrium between TNF-α and IL-10 is a vital            
process to sustain immune homeostasis (33). Necrosis 
is a result of enormous damage to DNA. It causes          
alterations in the immune system response which are 
allied with the development of oxidative stress and 
inflammation. The manifestation of inflammatory and 
pro-oxidant factors depends on time and tissue type 
(1). 

The immunomodulation, anti-inflammatory, and 
anti-mutagenic properties are the most important 
characters must be found in applied medicinal plants. 
Many studies focused on these effects in different 
ways (34-36). 

In the same fashion, our results show that NR has 
an anti-mutagenic effect against γ-irradiation which 
was detected by reducing MNi frequencies and comet 
measurements. This may be ascribed to either a          
reduced authentic number of injuries or to increase 
repair effectiveness (37). Anderson et al. (38) and Huang 
et al. (39) studies revealed that protective                       
anti-genotoxic effects of nicotiflorin and rutin may be 
attributed to their antioxidant properties as they 
cause reduction of DNA damage detected by comet 
assay. However, nicotiflorin was more efficient than 
rutin. This powerful free radical scavenging activity of 
nicotiflorin intensely is ascribed to the existence of 
free hydroxyl groups at C-3 and C-5 (40). As                     
mutagenesis inhibition is frequently a complex              
process and done by several pathways (41). So, the 
present study preferred to use rutin in a combination 
with nicotiflorin which is a common dietary flavonoid 
and has numerous pharmacological antioxidant and 
anti-inflammatory effects (42). Rutin protects cells 
against oxidative stress due to the presence of the 
phenolic groups which donate hydrogen to scavenge 
free radicals induced by radiation (43). In agreement 
with our results, nicotiflorin has a strong ability to 
enhance all inflammatory IL-6, IL-1β, and IL-10 as its 
structure with many hydrogen bonds leads to free 
radicals scavenging. In addition to reducing oxidative 
stress and consequently reduce inflammation (44). Our 
gained results exude a novel combination NR, where 
nicotiflorin’s unique distinct structure (many-ranched 
hydrogen bonds and phenolic rings) made it strongly 
capable of being an antioxidant, free radical              
scavenger, and immunoregulatory agent (4). Also, 
combined with rutin a strong antioxidant protector 
which can scavenge free radicals (40) via                          
polyhydroxylated substitutions on rings A and B, a 2, 
3-double bond, a free 3-hydroxyl substitution, and a 4
-keto moiety (45). This combination, generates         
synergetic power action protecting animals from    
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ionizing radiation drastic hazards. A group of treated 
animals injected with NR mixture before irradiation 
merrily proofed a significant enhancement of the  
antimutagenic (MNi frequencies and comet                 
measurements decline) and anti-inflammatory             
responses (adjusting IL-10) protecting animals body 
from escalating inflammatory responses (decreasing 
IL-1β, IL-6, and TNF-α) when compared with                   
irradiated group measurements.  

In conclusion, the present study on NR mixture as 
a radioprotector revealed that NR can protect DNA 
from damage induced by γ-irradiation and decrease 
the incidence of MNi frequency by scavenging free 
radicals. Also, it can improve the inflammatory          
cascade process which aggressively happened after 
ionizing irradiation. So, NR may play a radio-
protective role due to the cytogenetic and                      
immunological efficacy of its components. We           
recommend further studies on the ability of NR in 
protection against radiation exposure hazards. 

 
 

ACKNOWLEDGEMENTS  
We are thankful to our colleges and members of 

NCRRT, EAEA for providing the necessary irradiation 
facilities.  

 
Conflicts of interest: Declared none. 
Ethical considerations: All the study protocols,           
animal precautions, and treatment were in                    
agreement with the guiding principles allocated by 
the Research Ethics Committee (REC-NCRRT) with 
No. (25A/20). 
Author contributions: All authors were involved in 
the research, data generation and preparation of the 
manuscript. 
Financial support: No funds received. 

  
 

REFERENCES 
 
1. Khodamoradi E, Hoseini Ghahfarokhi M, Amini P, Motevaseli E, 

Shabeeb D,  Musa AE, Najaf M, Farhood B (2020) Targets for pro-
tection and mitigation of radiation injury. Cell Mol Life Sci, 77: 
3129–3159. 

2. Dar RA, Shahnawaz M, Rasool S, Qazi PH (2017) Natural product 
medicines: A literature update. J Phytopharmacol, 6(6): 340-342.  

3. National Center for Biotechnology Information (2020) Pub Chem 
Compound Summary for CID 5318767, Nicotiflorin. https://
pubchem.ncbi.nlm.nih.gov/compound/Nicotiflorin. 

4. Zhao J, Zhang S, You S, Liu T, Xu F, Ji T, Gu Z (2017) Hepatoprotec-
tive effects of nicotiflorin from nymphaea candida against conca-
navalin a-induced and d-galactosamine-induced liver injury in 
mice. Int J MolSci, 18(3): 587. 

5. Calzada F, Solares-Pascasio JI, Valdes M, Garcia-Hernandez N, Veláz-
quez C, Ordoñez-Razo RM, Barbosa E (2018) Antilymphoma poten-
tial of the ethanol extract and rutin obtained of the leaves from 
schinusmollelinn. Pharmacog Res, 10(2):119-123. 

6. Smith TA, Kirkpatrick DR, Smith S, Smith TK, Pearson T, Kailasam A, 
Herrmann KZ, Schubert J, Agrawal DK (2017) Radioprotective 
agents to prevent cellular damage due to ionizing radiation. J 
Transl Med, 15(1): 232. 

7. Al-Snafi AE (2015) The chemical constituents and pharmacological 
effects of Adiantumcapillus-veneris-A review. Asian J Pharma-
ceutSciTechnol, 5(2): 106-111. 

8. Garaj-Vrhovac V, Kopjar N, Razem D, Vekic ´B, Miljaniτ S, Ranogajec-
Komor M (2002) Application of the alkaline comet assay in biodo-
simetry: assessment of in vivo DNA damage in human peripheral 
leukocytes after gamma radiation incident. RadiatProtDosim, 98: 
407–416. 

9. Fairbairn DW, Olive PL, O'Neill KL (1995) The comet assay: a com-
prehensive review. Mutat Res, 339: 37-59. 

10. Savage JR (1988) A comment on the quantitative relationship 
between micronuclei and chromosomal aberrations. Mutat Res, 
207: 33-36.  

11. Lee RF, Steinert S (2003) Use of the single cell gel electrophoresis/
comet assay for detecting DNA damage in aquatic (marine and 
freshwater) animals. Mutat Res, 544: 43-64.  

12. Yin J, Huang Y, Gao G, Nong L, Xu N, Zhou D (2017) Changes and 
significance of inflammatory cytokines in a rat model of cervical 
spondylosis. ExpTher Med, 15: 400-406. 

13. Holler E, Kolb HJ, Moller A, Kempeni J, Liesenfeld S, Pechumer H, 
Lehmacher W, Ruckdeschel G, Gleixner B, and Riedner C, 
Ledderose G, Brehm G, Mittermüller J, Wilmanns W (1990) In-
creased serum levels of tumor necrosis factor alpha precede major 
complications of bone marrow transplantation. Blood, 75: 1011–
1016. 

14. Shmarina GV, Pukhalsky AL, Kokarovtseva SN, Pukhalskaya DA, 
Shabalova LA, Kapranov NI, Kashirskaja NJ (2001) Tumor necrosis 
factor-a/interleukin-10 balance in normal and cystic fibrosis chil-
dren. Mediators Inflamm, 10: 191–197.  

15. Demirel C, Kilçiksiz, S, Ay OI, Gürgül S, Erdal N (2009) Effect of N-
acetylcysteine on radiation-induced genotoxicity and cytotoxicity 
in rat bone marrow. J radiat res, 50(1): 43-50.  

16. Ren J, Lu Y, Qian Y, Chen B, Wu T, Ji G (2019) Recent progress 
regarding kaempferol for the treatment of various diseases 
(Review). Exp Ther Med, 18: 2759-2776.  

17. Abarikwu SO, Olufemi PD, Lawrence CJ, Wekere FC, Ochulor AC, 
Barikuma AM (2017) Rutin, an antioxidant flavonoid, induces glu-
tathione and glutathione peroxidase activities to protect against 
ethanol effects in cadmium-induced oxidative stress in the testis of 
adult rats. Androl, 49: e12696. 

18. Schmid W (1975) The micronucleus test. Mutat Res, 31: 9-15. 
19. Albanese R, Middleton B J (1987) The assessment of micronucleat-

ed polychromatic erythrocytes in rat bone marrow Technical and 
statistical considerations. Mutat Res, 182(6): 323-332. 

 20. Titenko-Holland N, Windham G, Kolachana P, Reinisch F, Parvat-
ham S, Osorio AM, Smith MT (1997) Genotoxicity of malathion in 
human lymphocytes assessed using the micronucleus assay in vitro 
and in vivo: A study of malathion-exposed workers. Mutat Res, 
338: 85-95. 

21. Mozdarani H and Gharbali A (1993) Radioprotective effects of 
cimetidine in mouse bone marrow cells exposed to γ-rays as as-
sayed by the micronucleus test. Int J Radiat Biol, 64(2): 189-194.  

22. Singh NP, McCoy MT, Tice RR, Schneider EL (1988) A simple tech-
nique for quantitation of low levels of DNA damage in individual 
cells. Exp Cell Res, 175: 184-91.  

23. Festing MF and Altman DG (2002) Guidelines for the design and 
statistical analysis of experiments using laboratory animals. ILAR J, 
43(4): 244–258. 

24. Hall S, Rudrawar S, Zunk M, Bernaitis N, Arora D, McDermott CM, 
Anoopkumar-Dukie S (2016) Protection against radiotherapy-
induced toxicity. Antioxidants, 5: 22. 

25. Halliwell B. 2002. Effect of diet on cancer development: Is oxida-
tive DNA damage a biomarker? Free Rad Biol Med, 32: 968-974. 

26. Majdaeen M, Banaei A, Abedi-Firouzjah R, Gorji KE, Ataei G, Mo-
meni F, Zamani H (2020) Investigating the radioprotective effect of 
sesamol oral consumption against gamma irradiation in mice by 
micronucleus and alkaline comet assays. Appl Radiat Isot, 
159:109091. 

27. Azzam EI, Jay-Gerin JP, Pain D (2012) Ionizing radiation-induced 
metabolic oxidative stress and prolonged cell injury. Cancer Lett, 
327: 48–60. 

28. Fenech M, Knasmueller S, Bolognesi C, Holland N, Bonassi S, Kirsch
-Volders M (2020) Micronuclei as biomarkers of DNA damage, 
aneuploidy, inducers of chromosomal hypermutation and as 
sources of pro-inflammatory DNA in humans. Mutat Res, 786: 
108342. 

29. Fenech M (2010) The lymphocyte cytokinesis-block micronucleus 
cytome assay and its application in radiation biodosimetry. Health 
Phys, 98: 234-243. 

30. Motwani M, Pesiridis S, Fitzgerald KA (2019) DNA sensing by the 
cGAS–STING pathway in health and disease. Nat Rev Genet, 20
(11):657-674. 

Mohammed et al. / Radioprotective role of rutin and nicotiflorin combination 459 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
20

.2
.2

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

8-
24

 ]
 

                               5 / 6

http://dx.doi.org/10.52547/ijrr.20.2.29
http://ijrr.com/article-1-4279-en.html


31. Di Maggio FM, Minafra L, Forte GI, Cammarata FP, Lio D, Messa C, 
Gilardi MC, Bravatà V (2015) Portrait of inflammatory response to 
ionizing radiation treatment. J Inflamm, 12: 14.  

32. Linard C, Ropenga A, Vozenin-Brotons MC, Chapel A, Mathe D 
(2003) Abdominal irradiation increases inflammatory cytokine 
expression and activates NF-B in rat ilealmuscularis layer. Am J 
Physiol Gastrointest Liver Physiol, 285: G556–G565. 

33. Li W, Liu T, Wu L, Chen C, Jia Z, Bai X, Ruan D (2014) Blocking the 
function of inflammatory cytokines and mediators by using IL-10 
and TGF-β: A potential biological immunotherapy for interverte-
bral disc degeneration in a beagle model. Int J MolSci, 15: 17270-
17283. 

34. Amirghofran Z, Ahmadi H, Karimi MH (2012) Immunomodulatory 
activity of the water extract of Thymus vulgaris, Thymus daenensis, 
and Zatariamultiflora on dendritic cells and T cells responses. J 
Immunoass Immunochem, 33(4):388-402. 

35. Ahmed MM, Said ZS, Montaser SA, El-Tawil GA (2018) Antioxidant 
and antimutagenic properties of calcium sennosides in γ-Irradiated 
human blood cultures. Int J Radiat Res, 16(3): 323–332. 

36. Farid A, Kamel D, Montaser SA, Ahmed MM, El Amir M, El Amir A 
(2020) Synergetic role of senna and fennel extracts as antioxidant, 
anti-inflammatory and anti-mutagenic agents in irradiated human 
blood lymphocyte cultures. J Radiat Res Appl Sci, 13(1): 191–199. 

37. Wojewódzka M, Kruszewski M, Iwanenko T, Collins AR, Szumiel I 
(1999) Lack of adverse effect of smoking habit on DNA strand 
breakage and base damage, as revealed by the alkaline comet 
assay. Mutat Res, 440(1): 19-25. 

38. Anderson D, Basaran N, Dobrzyńska MM, Basaran AA, Yu TW 
(1997) Modulating effects of flavonoids on food mutagens in hu-

man blood and sperm samples in the comet assay. Teratog Car-
cinog Mutagen, 17(2): 45-58. 

39. Huang JL, Fu ST, Jiang YY, Cao YB, Guo ML, Wang Y, Xu Z (2007) 
Protective effects of Nicotiflorin on reducing memory dysfunction, 
energy metabolism failure and oxidative stress in multi-infarct 
dementia model rats. Pharmacol Biochem Behav, 86(4):741-748. 

40. Orhan DD, Ergun F, Yeşilada E, Tsuchiya K, Takaishi Y, Kawazoe K 
(2007) Antioxidant activity of two flavonol glycosides from Cirsium-
hypoleucum dc. Through bioassay guided fractionation. Turkish J 
Pharm Sci, 4(1): 1-14. 

41. Edenharder R, Rauscher R, Platt KL (1997) The inhibition by flavo-
noids of 2-amino-3 methylimidazow4, 5-fxquinoline metabolic 
activation to a mutagen: a structure–activity relationship study.  
Mutat Res, 379: 21–32. 

42. Gullón B, Lú-Chau TA, Moreira MT, Lema JM, Eibes G (2017) Rutin: 
A review on extraction, identification and purification methods, 
biological activities and approaches to enhance its bioavailability. 
Trends Food Sci Technol, 67: 220-235. 

43. Patil SL, Mallaiah SH, Patil RK (2013) Antioxidative and radiopro-
tective potential of rutin and quercetin in Swiss albino mice ex-
posed to gamma radiation. J Med Phys, 38(2): 87-92. 

44. Pan X, Liu X, Zhao H, Wu B, Liu G (2020) Antioxidant, anti-
inflammatory and neuroprotective effect of Kaempferol on rote-
none-induced Parkinson s disease model of rats and SH-S5Y5 cells 
by preventing loss of tyrosine hydroxylase. J Funct Foods, 74: 
104140. 

45. Ratty AK, Das NP (1988) Effects of flavonoids on non-enzymatic 
lipid peroxidation: structure-activity relationship. Biochem Med 
Metab Biol, 39(1): 69-79.  

460 Int. J. Radiat. Res., Vol. 20 No. 2, April 2022 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
20

.2
.2

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

8-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.52547/ijrr.20.2.29
http://ijrr.com/article-1-4279-en.html
http://www.tcpdf.org

