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The current study aimed to investigate the potential 

immunomodulatory and antigenotoxic impacts of propolis in 

paclitaxel (PTX)-treated rats. Twenty four male Sprague Dawley 

rats were used in the present study and randomly/equally   

divided into four groups; control group, PTX group that was 

intraperitoneally injected with 5 mg/kg PTX (once/week), 

propolis group that received orally/daily 50 mg/kg propolis, and 

the last group received both PTX and propolis. All treatments 

were given for four weeks. The results showed a significant 

upregulation in the nuclear factor kappa B (Nf-b) gene 

expression in the spleen of PTX group, as compared with the 

control group. In addition, substantial increases in tumor necrosis 

factor-, interferon-, C-X-C motif ligand 10, CC motif ligand 2, 

and interleukin (IL)-4 concentrations, while a significant 

reduction in IL-10 concentration, were detected in the spleen of 

PTX group compared with the control group. Moreover,         

PTX resulted in a significant elevation in the frequency of 

micronucleated polychromatic erythrocytes in bone marrow cells 

compared with the control group. On the other hand, the 

treatment with propolis alone did not significantly affect all of 

these parameters, as compared with the control group. However, 

propolis decreased significantly all recorded side effects in the 

PTX-treated rats. In conclusion, propolis can be used as an 

adjunct with PTX to modulate the cytokines and chemokines 

release of splenic immune cells, as well as to counteract the 

genotoxic effect of PTX on bone marrow cells, through 

downregulating the splenic Nf-b gene expression, and reducing 

the bone marrow micronuclei formation, respectively. 

 

INTRODUCTION 

Paclitaxel (PTX) is one of the most effective 

drugs used in chemotherapy. It exerts its 

effect by stabilizing microtubules during cell 

division, inhibiting spindle fiber formation 

thus arresting the cell cycle, and inducing 

cell death of tumor cells
[1,2]

. In the past 

decades, PTX has been widely used as an 

anticancer agent for the treatment of a wide 

variety of tumors such as breast, ovary, lung, 

colon, as well as head and neck cancers
[3,4]

. 

Since PTX cannot differentiate between 

normal and tumor cells, it has serious side 

effects including inflammatory disorders, 
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hypersensitivity, and immunosuppression 

that severely limit its effectiveness
[5]

.          

In addition, PTX is one of the          

cytostatic drugs
[6]

 and its administration      

is accompanied by peripheral neuro-

inflammation, as a result of macrophage 

recruitment along with elevating release of 

various inflammatory mediators such as 

cytokines and chemokines
[7,8]

, as well as 

induction of micronucleus formation
[9]

.  

Many transcription factors like nuclear 

factor kappa B (NF-B) and cytokines such 

as tumor necrosis factor- (TNF-), 

interleukin(IL)-6, and IL-8 were proven to 

be vital mediators for inflammation-induced 

cancer cell proliferation, metastasis, invasion, 

angiogenesis, and apoptosis inhibition
[10]

. 

Noteworthy, NF-B is a group of dimeric 

transcription factors that control different 

biological processes
[11]

. NF-B activation 

leads to upregulation of many genes, 

including those responsible for the 

production of proinflammatory cytokines 

like TNF-
[12-14]

 and chemokines such as  

CC motif ligand 2 (CCL2)
[15]

. Besides, an    

in vivo enhanced antigen-specific interferon-

 (IFN--)-secreting CD8
+
 T-cells is ascribed 

to PTX treatment
[16]

. Consequently, non-

pharmaceutical substances with anti-

inflammatory, antioxidant, and immuno-

modulatory properties, as well as with the 

ability to diminish the incidence of 

micronuclei formation may act as potential 

therapeutic agents to diminish the side 

effects of PTX. 

Propolis is a resinous product of the 

honeybee, which is also known as bee glue 

with a wide range of biological activities 

including immunomodulatory, antitumor, 

and free radical scavenging activities
[17-22]

. 

Propolis has more than 300 constituents 

including; amino acids, phenolic acids, 

phenolic acid esters, flavonoids, cinnamic 

acid, terpenes, caffeic acid, volatile oils, 

aromatic acids, waxes, resins, balms, and 

pollen grains
[23]

. The different components 

of propolis vary according to the geo-

graphical regions, the vegetation from which 

the bee collects, and the species of bee that 

collect it. However, various studies have 

confirmed that wherever the region from 

which propolis originates, it exhibits similar 

properties
[23]

. Two main immunopotent 

components have been identified in propolis; 

caffeic acid phenethyl ester (CAPE) and 

artepillin C
[17]

. It has been reported that 

CAPE inhibits the secretion of IL-1 

through the reduction of NF-B activation, 

blocks the release of proinflammatory 

cytokines, increases the secretion of anti-

inflammatory cytokines, and diminishes the 

infiltration of inflammatory cells such as 

neutrophils and monocytes
[17,24]

. Propolis 

molecules were proven to exhibit a crucial 

immunomodulatory impact through inhibit-

ing the release of various inflammatory 

cytokines/chemokines and NF-B activation, 

and exerts a substantial antigenotoxic impact 

via inhibition of the occurrence of 

micronuclei in cells of mice with Ehrlich 

ascites tumor
[25,26]

. 

The current study aimed to investigate  

the potential modulatory effects of propolis, 

as a promising adjunct, against the side 

effects of the chemotherapeutic agent  

“PTX”, with a special reference to the 

splenic inflammatory mediators and the 

micronucleus formation in the bone marrow 

of rats. 

 

MATERIAL AND METHODS 

Ethical statement 

The experimental techniques were carried 

out in agreement with the NIH (National 

Institutes of Health) guide for the care      

and use of laboratory animals, and were 

approved by the Local Committee of 

Animals Ethics of National Organization of 

Drug Control and Research (NODCAR), 

Egypt.  
 
Chemicals 
PTX ampules (100 mg/ampule) were 

purchased from local pharmacy in Egypt.    

It was produced by Corden Pharma Latina   

S.p.A. (Sermoneta, Latina, Italy) for Bristol-

Myers Squibb Company (New York, NY, 

USA). Propolis capsules (400 mg/capsule) 

were obtained from Sigma Pharmaceutical 

Industries (Cairo, Egypt).  
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Experimental design 
Twenty four adult male Sprague Dawley  

rats (150-200 g) were randomly divided   

into four different groups (n = 6). (a) The 

control group, which intraperitoneally (i.p.) 

injected with 0.9% saline solution            

(1.0 mL/kg) once/week for four weeks.        

(b) The PTX-treated group, which i.p. 

injected with PTX (5 mg/kg diluted in       

1.0 mL 0.9% saline solution) once/week    

for four weeks
[27]

. (c) The propolis-treated 

group, which orally supplemented with 

propolis (50 mg/kg/day in 1.0 mL distilled 

water) for four weeks
[28]

. (d) The PTX + 

propolis-treated animals, which received 

both PTX and propolis, concurrently, as 

indicated above for four weeks. 
 

Tissue samples’ collection 
At the end of the experiment, animals     

were anesthetized using xylazine/ketamine 

anesthesia and decapitated. The spleen and 

femur were removed and rinsed in ice-    

cold phosphate buffered saline (0.1 mol,   

pH 7.4). The spleen was weighed before 

homogenization and divided into two parts. 

The first part was homogenized in phosphate 

buffer saline (PBS) and sonicated for         

the enzyme-linked immunosorbent assay 

(ELISA). Thereafter, the homogenates were 

centrifuged for 5 minutes at 5000 g at 4C 

and the supernatant was stored at ≤ 20C 

for determination of cytokines and chemo-

kines’ levels. The amount of protein was 

measured in the homogenates according to 

the Bradford method
[29]

 by using the Bio-

Rad protein assay kit (Hercules, CA, USA). 

The second part was kept in RNA           

lysis solution for determination of gene 

expression of rat Nf-b. Samples of bone 

marrow were collected from femur for 

micronucleus test.     
 

Estimation of splenic inflammatory 

mediators  

The levels of TNF-, IFN-, IL-4, IL-10,   

C-X-C motif ligand 10 (CXCL10), and 

CCL2 were estimated in the supernatant of 

spleen tissue by sandwich ELISA kits 

specific for rats (Merck Millipore, San 

Francisco, California, USA) following the 

manufacturer's instruction. The absorbance 

was measured at 450 nm with a Dynatech 

MR7000 microplate reader (Dynex 

Technologies Inc., Chantilly, VA, USA). 
 

Determination of Nf-b gene expression 

by real-time (quantitative) polymerase 

chain reaction (qPCR) assay 
Total RNA isolation and qPCR were done 

according to Lee et al.
[30]

 by using SV    

Total RNA Isolation System (Promega 

Corporation, Madison, WI, USA) and 

Applied Biosystems StepOne™ (Applied 

Biosystems, Foster City, CA, USA), 

respectively. The absorbance at 260 nm and 

280 nm was used to assess the purity of 

RNA samples and measured by NanoDrop™ 

2000c Spectrophotometer (Thermo Fisher 

Scientific, Waltham, MA, USA). RNA 

samples are considered pure when the 

260/280 ratio values are ~2.0. The relative 

levels of rat Nf-b mRNA (forward     

primer: 5′-CCTCCTCCACCCTACCAAGT-

3′, reverse primer: 5′-CACCCAAAGTGC 

TTCAGTCA-3′, 199 base pairs) were 

normalized based on the house keeping gene 

“glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH)”.  
 
Micronucleus test 
Two slides of bone marrow smears were 

prepared for each animal and stained       

with May-Grünwald-Giemsa according to 

Schmid
[31]

. Two thousands polychromatic 

erythrocytes (PCEs) were recorded per 

animal and the number of micronucleated 

polychromatic erythrocytes (MNPCEs) was 

counted. The analysis of slides was carried 

out blindly using a light microscope with      

a 100x immersion objective. Data were 

expressed as mean of MNPCEs’ percentages 

 standard deviation. 
 
Statistical methods 
Data were expressed as means ± standard 

deviation. The statistical analysis was 

performed by the one-way analysis             

of variance (ANOVA). The significant 

differences among groups were determined 

by Duncan’s multiple range test at 5% level 
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using statistical package for social science 

(SPSS 17, SPSS Inc. Chicago, IL, USA). 

Value of P<0.05 among groups was 

considered statistically significant. 

 

RESULTS 

Effects of propolis on the levels of 

cytokines and chemokines in the spleen of 

the PTX-treated rats 

The levels of TNF-, IFN-, IL-4,   

CXCL10, and CCL2 elevated significantly 

(P<0.05), while the IL-10 level decreased 

significantly (P<0.05) in the spleen of the 

PTX (alone)-treated group when compared 

with the control and the propolis (alone)-

treated groups (Table 1). However, no 

remarkable difference in the production       

of these cytokines and chemokines was 

recorded between the propolis (alone)-

treated group and the control group  

(P>0.05). By treating rats with PTX and 

propolis together, the levels of spleen     

TNF-, IFN-, IL-4, CXCL10, and        

CCL2 were substantially reduced (P<0.05) 

when compared with their levels in the    

PTX (alone)-treated group, but still    

elevated significantly (P<0.05) when 

compared with the control group (Table 1). 

On the contrary, the production of the anti-

inflammatory cytokine “IL-10” substantially 

augmented (P<0.05) in the spleen of the 

group treated with PTX + propolis, as 

compared with the PTX (alone)-treated 

group, but still remained significantly   

lower (P<0.05) than its level in the       

control group (Table 1).  

 

Table 1: Effect of paclitaxel (PTX), propolis, and PTX + propolis treatments on cytokines 

and chemokines’ levels of rat spleen. 

 

 
TNF-α IL-4 IL-10 IFN-γ CXCL10 CCL2 

(pg/mg protein) 

Control 27.01.8 19.61.0 143.51.5 26.42.5 48.82.0 18.25.8 

PTX 115.04.8
a
 37.51.7

a
 54.21.5

a
 116.32.8

a
 134.525.2

a
 111.91.1

a
 

Propolis 29.52.4
b
 16.30.8

b
 140.61.8

b
 30.21.6

b
 50.31.9

b
 17.71.2

b
 

PTX + Propolis 63.57.8
ab

 27.11.5
ab

 99.83.4
ab

 66.64.4
ab

 86.52.8
ab

 75.11.6
ab

 
 

The data are expressed as mean  standard deviation (n = 6). CCL: CC motif ligand,     

CXCL: C-X-C motif ligand, IFN: interferon, IL: interleukin, TNF: tumor necrosis factor. 
a
P<0.05 data are statistically significant versus control rats, 

b
P< 0.05 data are statistically 

significant versus PTX-treated rats. 

 

Effect of propolis on the Nf-b gene 

expression in the spleen of the PTX-

treated rats 

The current study demonstrated that PTX 

injection upregulated significantly (P<0.05) 

the splenic Nf-b gene expression, as 

compared with the control and the propolis 

(alone)-treated groups (Figure 1). On the 

other hand, the treatment with propolis  

alone did not induced a significant 

difference (P>0.05) in the splenic Nf-b 

gene expression, as compared with the 

control group. By treating animals with  

PTX + propolis, the Nf-b gene expression 

was remarkably reduced, as compared with 

the PTX (alone)-treated animals (P<0.05). 

Meanwhile, its expression in the group 

treated with PTX + propolis was still 

significantly higher (P<0.05) than its 

expression in the control group (Figure 1).  

 

Effect of propolis on the frequency of 

bone marrow micronuclei formation in 

the PTX-treated rats 

Figure “2” showed one normochromatic 

erythrocyte and one MNPCE with one 
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micronucleus in the bone marrow cells of  

rat. The treatment with PTX increased 

significantly (P<0.05) the percentage of 

MNPCEs when compared with the control 

and the propolis (alone)-treated groups 

(Table 2). On the other hand, the treatment 

of rats with propolis alone did not 

significantly alter the frequency of MNPCEs 

in rat bone marrow cells compared with the 

control rats (P>0.05).  
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     Control          PTX          Propolis        PTX +  

                                                                               Propolis                                                        
 
Figure 1: Effect of paclitaxel (PTX), 

propolis, and PTX + propolis treatments on 

Nf-b gene expression of rat spleen.
 
The data 

are expressed as mean  standard deviation 

(n = 6). 
a
P<0.05 data are statistically 

significant versus control rats, 
b
P< 0.05 data 

are statistically significant versus PTX-

treated rats. 

 

 

 
Figure 2: Photomicrographs showing            

a normochromatic erythrocyte (NCE), and    

a micronucleated polychromatic erythrocyte 

(MNPCE) with one micronucleus (MN) in 

the bone marrow cells of rat. 

 

Administration of propolis along with 

PTX caused a significant decrease in the 

percentage of MNPCEs, as compared with 

the PTX (alone)-treated group (P<0.05).     

In spite of this decrement in the percentage 

of MNPCEs, it was still significantly higher 

(P<0.05) than the normal values of the 

control group (Table 2). 

 

DISCUSSION 

Various reviews indicate collaboration 

between conventional chemotherapeutic 

agents and immunotherapy. That reinforce-

ment is facilitated via different mechanisms 

such as the release of inflammatory 

cytokines
[32]

 and induced immunogenicity  

to tumors treated with chemotherapy
[33]

. 

Chemotherapy is a double-edged sword   

that exhibits its anticancer effect as               

a result of its cytotoxic impact, while the 

cytotoxicity effect of the chemotherapeutic 

agents was reported to influence multiple 

organs apart from the tumor
[34]

. PTX is          

a cytostatic agent that was selected to       

treat solid tumors
[35]

. Nevertheless, PTX 

treatment was accompanied by several 

adverse reactions such as myelo- 

suppression, immunosuppression, kidney 

damage, peripheral neurotoxicity, bone 

marrow suppression, as well as micro-

nucleus formation
[10]

.    

The present research revealed that the   

Nf-b gene expression in the spleen      

tissues was significantly induced in PTX-

treated rats; and that upregulation was 

reversed by propolis. In addition, the      

levels of TNF-, IFN-, and IL-4     

increased significantly, while the anti-

inflammatory cytokine “IL-10” level 

diminished significantly in the spleen tissues 

of PTX-injected group; all of the above  

PTX effects were modulated in the   

presence of propolis. The overexpression of 

Nf-b gene in the current experiment is       

in consistent with Wang et al.
[36]

, who 

demonstrated that PTX managed to induce 

Nf-b gene expression, which controlling 

cell survival, proliferation, invasion and 

metastasis
[37]

. It has also been reported that 

NF-B gene expression is ascribed with    

the inflammatory situation
[38]

. Therefore, it   

is a vital key target for mitigation of 

inflammation.  
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Table 2: Effect of treatment with propolis on the frequency of bone marrow micronuclei 

formation in PTX-treated rats. 

 

 
Number of  

examined cells 

Number of  

MNPCEs/1000PCEs 

MNPCEs %  

(mean ± standard deviation) 

Control 

12000 

4.3 0.43 0.05 

PTX 30.6 3.030.32
a
 

Propolis 6.3 0.650.17
b
 

PTX + Propolis 19.6 1.980.13
ab

 
 
MNPCEs: micronucleated polychromatic erythrocytes, PCEs: polychromatic erythrocytes. 
a
P<0.05 data are statistically significant versus control rats, 

b
P< 0.05 data are statistically 

significant versus PTX-treated rats. 

 

Besides, NF-B activation is achieved   

as a result of proinflammatory cytokines 

through IB kinase (IKK) complex 

induction
[39]

, as endotoxin, carcinogen, 

ionizing radiation, and free radical. 

Moreover, NF-B activation is responsible 

for the release of proinflammatory 

cytokines
[14]

 and chemokines
[40]

 in different 

cell types. Consequently, the elevated levels 

of TNF- and IFN- can be induced via   

NF-B activation and is attributed to the 

upregulation of NF-B gene expression
[41]

.  

It has been reported that the levels of TNF- 

and IFN- increased in the spinal cord         

of male C57BL/6J mice following PTX 

treatment
[42]

. Noteworthy, IFN- is one of 

the cytokines, which is responsible for 

activation of signal transducer and activator 

of transcription 3 (STAT3) homodimers and 

secretion of both proinflammatory and anti-

inflammatory cytokines
[43]

. Moreover, there 

is a tendency towards promotion of NF-B 

pathway, secretion of more T-helper-1 

cytokines such as TNF- and IFN-, and  

less production of T-helper-2 cytokines such 

as IL-10, which is ascribed for better 

antitumor response
[44]

. The elevated release 

of IL-4 may ascribe with the temporary 

modulation of the immune response that is 

sometimes linked with the chemotherapy to 

reinforce additional immunotherapeutic and 

vaccination trials for cancer treatment
[45]

. 

Intriguingly, IL-4 cytokine was proven to 

exert paradoxical, pro- or anti-inflammatory, 

effects on the developing immune response 

depending on various factors such as the 

primary target cell for this cytokine during 

immune reaction
[46]

. Hence, it can be 

deduced that the elevation in the release of 

the proinflammatory cytokines and the 

reduction in the IL-10 secretion shown in the 

current study in the spleen tissue of rats  

were due to the upregulation of Nf-b gene 

expression following PTX injection. The 

previous findings along with our findings 

confirm the role of NF-B in inflammation, 

and the use of natural adjuncts that are able 

to target this gene can modulate the toxic 

effects of PTX in spleen. Current study 

showed that propolis downregulated Nf-b 

gene expression, as well as reduced the 

levels of TNF-, IFN-, and IL-4, while       

it elevated the secretion of IL-10 in spleen 

tissue of PTX-treated rats. This modulation 

control of propolis is in agreement with 

Tiveron et al.
[47]

, who demonstrated that low 

concentrations of propolis reduced NF-B 

activation and decreased TNF- secretion in 

RAW 264.7 macrophages as a result of its 

anti-inflammatory and immunomodulatory 

impacts.  

The levels of CXCL10 and CCL2 

elevated in PTX group, while propolis 

reduced the release of the previously 

mentioned mediators by PTX. It has been 

reported that gene expression of CXCL10, 

which is also known as interferon gamma-

induced protein 10, was induced by PTX    
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in DA-3 breast cancer cell line
[48]

. It has 

been shown that upregulation of IFN- 

pathway is accompanied by increasing      

the expression of IFN- inducible gene 

“CXCL10” in the spleen
[49]

. Moreover, 

CXCL10 is also one of the targets for      

NF-B2 transcript
[12]

 and the injection with 

PTX could elevate expression of NF-B 

gene, nuclear transition, and consequently 

can combine with the CXCL10 promoter    

to induce the expression of CXCL10 gene 

along with the increase in CXCL10 

chemokine secretion
[50]

. Regarding the 

chemokine CCL2, the current result was in 

line with Makker et al.
[42]

, who showed an 

increased level of CCL2 in dorsal root 

ganglia of PTX-treated male C57BL/6J mice. 

It was demonstrated that NF-B is a crucial 

transcription factor for CCL2 gene 

expression and subsequently for CCL2 

release
[13]

. Consequently, propolis can 

modulate PTX effects via inhibition of rat 

Nf-b gene expression and a subsequent 

reduction of proinflammatory cytokines and 

chemokines, as well as augmentation of    

IL-10 release.  

PTX is a genotoxic agent as indicated    

by the significant increase in the number    

of MNPCEs when compared with the 

control group. These results are in agreement 

with the reported genotoxicity of PTX         

by several authors, both in vitro
[51]

 and        

in vivo
[52]

. Digue et al.
[53]

 stated that         

PTX showed a strong aneugenic effect         

in vitro in normal human T-lymphocytes      

at therapeutic doses. Moreover, the 

genotoxic potential of the PTX was 

confirmed in mammalian cells using           

the mouse bone marrow micronucleus 

assay
[54,55]

. Micronucleus is formed during 

anaphase from lagging acentric chromosome 

or chromatid fragments caused by 

chromosomal breaks or due to non-

disjunction of chromosomes as a result of 

dysfunctional spindle apparatus. This in turn 

explains the genotoxic potential of PTX 

since its mechanism of action includes 

disturbances in microtubule assembly and 

results in disruption of mitotic spindle 

formation, obstruction of cell cycle 

progression in late Gap 2-mitotic phases
[56]

, 

as well as induction of DNA single strand 

breaks
[53]

. The PTX has been reported         

to induce oxidative DNA damage by 

generating increased levels of reactive 

oxygen species and altering the 

mitochondrial membrane permeability
[57]

. 

The protective effect of propolis against 

PTX-induced chromosomal damage was 

indicated by the reduction in the number     

of MNPCEs. However, this decrement did 

not return the number of MNPCEs         

down to the control value. Our results 

confirmed the antigenotoxic effects of 

propolis that have been previously 

reported
[58,59]

. In addition, Padmavathi         

et al.
[60]

 studied the synergistic effects of 

propolis with PTX by using a 7,12-dimethyl-

benz[a]anthracene-induced breast cancer rat 

model; and it was found that the combined 

intake of PTX and propolis achieved the 

lowest tumor weight compared with those 

with either PTX or propolis alone. The 

propolis may also protect against PTX-

induced DNA damage due to its free radical 

scavenging potency without affecting PTX 

antitumor activity
[61]

.  

In a nutshell, PTX injection upregulated 

rat Nf-b gene expression, which in turn 

increased the secretion of the cytokines 

“TNF-, IFN-, and IL-4” and chemokines 

“CXCL10 and CCL2”, and decreased IL-10 

level. Propolis showed immunomodulation 

impact against PTX effects through 

inhibition of Nf-b gene expression in the 

spleen of rat. Moreover, propolis was 

capable of modulating the genotoxic effect 

of PTX via inhibition of micronuclei 

formation in the rats’ bone marrow cells. 
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 التعديل المناعي والتأثيراث المضادة للُسميت الىراثيت لصمغ النحل

 في الِجرذان المعاملت بالباكليتاكسيل

 

 اهيم سعيد سالمنهى إبر ٬سماح ممدوح محمد فتحي

 جًهىرٌتيصرانؼربٍت٬انفٍىو٬جايؼتانفٍىو٬كهٍتانؼهىو٬قسىػهىانحٍىاٌ

 

هذفجانذراستانحانٍتإنىيؼرفتانخأثٍراثانًحخًهتانًؼذنتنهًُاػتوانًضادةنهُسًٍتانىراثٍتنصًغانُحمفًانِجرراٌ

ٌخراوحوزَهابٍٍ٬"Sprague Dawleyرِجرراٌيٍسالنت"انًؼايهتبانباكهٍخاكسٍم.وقذحىإجراءانذراستػهىركى

(كاَحً:انًجًىػتيجًىػتوانخًوزػجبطرٌقتػشىائٍتإنىأربغيجًىػاث)سختِجرراٌنكم٬جراو200و150

بانباكهٍخاكسٍم٬انضابطت انًؼانجت انخجىٌف٬يجى/كجى5) وانًجًىػت فى انحقٍ طرٌق ػٍ أسبىػٍا واحذة جرػت

وانًجًىػتاألخٍرة٬جرػتواحذةٌىيٍاػٍطرٌقانفى(٬يجى/كجى50)وانًجًىػتانًؼايهتبصًغانُحم٬ٌخىًَ(انبر

جًٍغانًؼايالثنًذةأربغأسابٍغ.وأوضحجانُخائجأٌإػطاء.واسخًربكميٍانباكهٍخاكسٍموصًغانُحمحىيؼانجخها

وحركٍساثػايمَخرانىرو ٬"Nf-bفًانخؼبٍرانجًٍُنهؼايمانُىوي"أدثإنىزٌادةيؼُىٌتانباكهٍخاكسٍمانًؼايهتب

"" وانكًٍىكٍُاث جايا وإَخرفٍروٌ CCL2أنفا و"CXCL10و َقص4٬إَخرنىكٍٍ نىحع حركٍسابًٍُا فً يؼُىٌا

ؼذدانكهًنخالٌافًخالٌاانطحاليقارَتبانًجًىػتانضابطت.كًاأظهرثانُخائجارحفاػايهحىظافًان10إَخرنىكٍٍ

َخاعانؼظىيخؼذدةانصبغٍاثانخًبهاأَىٌتدقٍقتفًانِجرراٌانًؼايهتبانباكهٍخاكسٍميقارَتبانًجًىػتانضابطت.بًٍُانى

انُحم بصًغ انًؼايهت "حظهر انضابطت.يُفردا" بانًجًىػت يقارَخها ػُذ انقٍاساثانسابقت أيحغٍٍريؼُىيفًجًٍغ

يؼايهت َخججػٍ انخً انجاَبٍت انخأثٍراث جًٍغ فً َقصيؼُىي إنى انُحم بصًغ انًؼايهت أدث رنك٬ إنى باإلضافت

نهباكهٍخاكسٍمنخؼذٌمحركٍساثبانباكهٍخاكسٍم.وخهصجانذراستإنىأَهًٌكٍاسخخذاوصًغانُحمكؼايميساػذانِجرراٌ

انًُاػٍتبانطحال انخالٌا ونخقهٍمانُسًٍتانىراثٍتنهباكهٍخاكسٍمػهىخالٌاَخاع٬انسٍخىكٍُاثوانكًٍىكٍُاثانخًحفرزها

دةانؼذدانكهًنخالٌاَخاعانؼظىيخؼذوحقهٍص٬فًانطحال"Nf-bانُىوي"انؼظىيٍخاللحُظٍىانخؼبٍرانجًٍُنهؼايم

 .انصبغٍاثانخًبهاأَىٌتدقٍقت٬ػهىانخىانً

 


