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ABSTRACT 

The present study conducted to test the effect of Nigella Sativa (NS, 5 mg kg−1 of body weight), or γ-
irradiated Nigella Sativa (GRNS) on the changes of blood component profiles, liver, kidney functions and 
immune cytokines secretion in male Wistar rats. Moreover, the possible protection by propolis (200 mg kg−1 
B. W.) on the changes induced by NS and GRNS was examined. Results revealed that both NS and GRNS 
administration for two weeks induced changes in blood, GPT, GOT and urea levels and co-administration 
with propolis significantly ameliorated such changes. Also, liver histology showed numerous vacuolar 
degeneration and fatty changes in γ-irradiated groups which disappeared in presence of propolis. Kidney 
histology of NS administered rats showed less lymphocytic infiltration, while GRNS groups showed 
desquamation in the cytoplasm of the renal tubules, hemorrhage in the renal corpuscle and lymphocytic 
infiltration which disappeared when propolis given together with GRNS. Finally propolis induced protective 
effect on the changes induced in TNF-α and IL-10 secretion by either NS or GRNS in Wistar rats. In 
conclusion, the findings of present study clarified the protective effect of propolis on changes induced by γ-
irradiated NS on blood, liver, kidney and cytokines changes in Wistar rats. 
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1. INTRODUCTION 

During last decade the medical applications of 

radiation technology have been increased rapidly due to 

development of new diagnostics and therapeutic methods 

using gamma irradiation in medical therapy (Hendee, 

1992). Gamma irradiation treatment increases the annual 

dose received by both the patients and physicians because 

of regular exposure to radiation or radio-nuclides intake. 

Therefore, studying the biological damage induced by 

ionizing radiation is necessary in assessment of maximum 

absorbed dose during radiotherapy or diagnosis. 

Moreover, development of protective agents presented 

new solutions for recovery of undesired tissue damage 

induced by ionizing radiation (Borek, 2004). 
The ionizing radiations cause damage of the cells 

directly by ionization of DNA and other cellular targets 
and indirectly through Reactive Oxygen Species (ROS) 
(Borek, 2004). Ionizing radiation produces oxygen free 
radicals in tissues as superoxide anion radicals and other 
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oxidants as hydrogen peroxide. It has been shown that 
radiotherapy causes killing of tumor cells but its usage 
causes threatening for the integrity and survival of 
surrounding normal cells (Konopacka and Rogolinski, 
2004). Now days, there is increase attention in usage of 
radiation in diagnosis of diseases. However, exposure to 
medical irradiation has grown in the past two decades and 
still increasing to date. The biohazards of irradiation appear 
from its cumulative levels in body that leads to cancer, cell 
death, genetic damage and tissue pathology (Borek, 2004). 
Irradiation causes DNA strand breaking (Eric and Giaccia, 
2012). Lymphokines are molecules that mediate molecular 
pathways common to ionizing irradiation induced apoptosis 
(Epperly et al., 2001; 2003a). Irradiation causes activation 
of caspase-3 by DNA fragmentation (Epperly et al., 2002). 
These pathways are common in apoptosis induction by 
TNF-α and mediation of other cytokines as IL-1 and IL-8 
(Epperly et al., 2003a). The diversity of irradiation used in 
Medicine, Industry, Agriculture, scientific research and 
military process increases and protection against irradiation 
is an important issue (Epperly et al., 2003b; Pearce et al., 
2001). Nigella sativa is commonly known as black seed or 
black cumin and used as an herbal plant all over the world 
for prevention of various diseases as asthma, hypertension, 
diabetes, inflammation, cough, bronchitis, headache, 
eczema, fever, dizziness and influenza (Salem, 2005). The 
seeds or its oil used as a carminative, diuretics, lactagouge 
and vermifuge. NS is used in food preparation as a source 
of spicy and a condiment (Ali and Blunden, 2003). It has 
codeine like effect as anti-tussive factor (Boskabady et al., 
2004). Its water extract contain thymoquinone and oily 
substances called monoterpenes (El-Tahir et al., 1993). 
Both Houghton et al. (1995) and Worthen et al. (1998), 
reported anti-cancer and oxidant activity for NS. 

For centuries, beekeepers assumed that bees sealed 

the beehive with propolis to protect the colony from the 

elements, such as rain and cold winter drafts and as 

protector for the hive from diseases and parasites that 

may attack bees (Gregory et al., 2002). For human health 

propolis has various functions among which relief 

inflammation, viral diseases, ulcers, superficial burns or 

scalds and anti-microbial agents (Gregory et al., 2002). 

Also propolis has an emollient, immune-modulator, a 

dental anti-plaque, an anti-tumor growth and a radio-

protective factor (Ansorge et al., 2003; Benkovic et al., 

2009; Koo et al., 2002; Orsi et al., 2005; Wu et al., 

2011). So, the present study aimed to test the effect of 

normal and γ-irradiated NS on alterations in cyto-

immune-modulatory function and histopathology of liver 

and kidney in Wistar rats and possible effects of co-

administration of propolis together with NS. 

2. MATERIALS AND METHODS 

2.1. Irradiation Treatment 

Nigella Sativa seeds were purchased from local 

Egyptian market. Half of the seeds were irradiated with 

10 Gy of gamma radiations using caesium 137 units in 

the National Centre of Radiation Research and 

Technology (NCRRT), Nasr City, Cairo, Egypt. 

2.2. Nigella Sativa (NS) Extract Preparation 

All seeds (irradiated and non-irradiated) were dried 

and crushed to a powder with an electronic microniser. 20 

g of powder was dissolved in 200 mL phosphate buffer 

saline (pH 6.4) and centrifuged at 1000 rpm for 30 min at 

4°C to remove residual solid debris. The clear supernatant 

was collected as soluble extract after removal of the oily 

layer and insoluble pellet. Protein concentration was 

determined by Lowry et al. (1951) method. 

2.3. Propolis Extract Preparation 

Propolis (50 g) was dissolved in 100 mL diethyl ether 
with continuous shaking for 48 h then filtered in 
Wattmman paper and filtrate was again dissolved in 50 
mL diethyl ether for another 48 h then final filtrate was 
dissolved in 50 mL Distilled water. The final 

concentration was adjusted to be 200 mg mL−1 by protein 
assay method. 

2.4. Experimental Design 

Thirty eight weeks old of Wistar rats (200-250 g) 

were used for this experiment. After one week 

accommodation, rats were divided into six groups (5 

rats per group). The first group used as a negative 

control. The second group received non-irradiated 

Nigella sativa extract (NS group) in a dose of 5 mg kg−1 

of B.W. orally for two weeks. The third group received 

orally gamma irradiated NS extract (GRNS) in a dose 

of (5 mg kg−1 of B.W.) The fourth group received 

propolis (P group) at a dose of 200 mg kg−1 of B.W. for 

two weeks. Fifth group received normal NS extract for 

two weeks followed by propolis together with NS for 

other two weeks (NSP group). The sixth group received 

γ-irradiated NS extract for two weeks then γ-irradiated 

NS with propolis for other two weeks (GRNSP). At the 

end of the experiment, rats were killed by decapitation 

and plasma was collected for blood and cytokines 

measurements and assays. Liver and kidney tissues 

were collected in formalin for histopathology. 
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2.5. Blood Chemistry Analysis 

Plasma measurement for Complete Blood Picture (CBP) 
was measured using the commercial available kits (Mabaret 
Al asafra Lab, Alex. Eypt). GPT, GOT, Urea and creatinine 
were analyzed spectrophotometrically using kits imported 
by Clini lab, Giza, Egypt. 

2.6. Histo-Pathological Studies on Kidney and 

Liver Tissues 

Tissue samples from liver, spleen and kidney were 
fixed in 10% buffered formalin and embedded in 
paraffin. Tissue sections (5 µm) were stained with 
hematoxylin-eosin to study their micro architecture by 
light microscopy. 

2.7. Cytokines Assays 

Elisa kits for rat IL-1β, TNF-α and IL-10 was 
purchased from Assaypro LLC, 30 Triad South Drive, St. 
Charles, MO 63301, USA. The measurements were done 
according to the catalogue instruction guidelines. 

2.8. Statistical Analysis 

Results are expressed as means ± S.E. of independent 
experiments. Statistical analysis was done using ANOVA 
and Fischer’s post hoc test, with p<0.05 being considered 
as statistically significant. 

3. RESULTS 

3.1. Alterations in Blood Profiles after NS, GRNS 

and Propolis Administration 

To test the changes induced by administration of 
either NS or GRNS alone or in combination with 
propolis for extra two weeks. Changes in blood 
parameters, liver and kidney function parameters have 
been measured. As seen in Table 1, propolis in 
combination with GRNS didn’t induce any significant 
changes in the increase in Hb concentration and red 

blood cells count induced by GRNS alone. Unlike Hb 
and red blood cell results, NS treatment showed 
significantly increasing in white blood cell counts, 
while propolis (p<0/05) significantly decreased such 
alteration. Moreover, GRNS increased insignificantly 
white blood cell count but administration of propolis 
together with GRNS normalized such changes. 
Parallel to that changes, is platelets findings, GRNS 
significantly decreases platelets number and addition 
of propolis normalized it to normal levels. Regarding 
changes in GPT and GOT levels, Table  1 shows that 
γ-irradiation treatment induced increasing in GPT and 
GOT levels and addition of propolis induced 
normalization to control levels. No significant 
alterations for NS alone or in combination with 
propolis on GPT and GOT levels. Finally, we tested 
the effect of propolis on GRNS induced changes in 
creatinine and urea levels. As seen in Table 1, 
propolis has urea lowering effect on GRNS increased 
urea levels and addition of propolis normalized it and 
same occurred for propolis when added to NS. 

3.2. Liver and Kidney Histopathology after NS, 

GRNS and Propolis Administration in 

Wistar Rats 

3.2.1. Liver Findings 

The liver of normal control group is lined by hepatic 

cords of one cell thickness with eosinophilic cytoplasm 

and centrally located basophilic nuclei around central vein 

(Fig. 1A). The liver of rats administered NS, showed 

normal structure (Fig. 1B). While the liver of rats 

administered with GRNS showed numerous vacuolar 

degeneration and fatty changes (Fig. 1C). The liver treated 

with propolis, showed little hydropic degeneration (Fig. 

1D). While the liver of rats administered with NS and 

Propolis (NSP) showed vacuolar degeneration (Fig. 1E). 

 

Table 1.  Changes in Blood components profiles, liver and kidney function tests after oral administration of NS, GRNS alone or in 
combination with propolis for two weeks in Wistar rats 

Groups parameter Control NS GRNS Propolis NSP GRNSP 
Hemoglobin (gm/dL) 12±0.7 12.5±0.1 14.1±0.4* 16.3±0.7* 14.3±0.5# 14.1±0.5 
R.B.ces (106/mm3) 4.2±0.2 4.2±1.00 5±0.2* 5.6±0.2* 4.9±0.2 4.8±0.2 
W.B.ces (103/mm3) 9.4±0.3 13.6±0.5* 10.3±0.6 6.4±0.1* 7.6±0.3# 8.2±0.5$ 
Platelets (103/mm3) 331.3±31.3 283.7±21 192±2* 287.7±1.9 301.3±18# 285±23$ 
GPT (U/L) 52.4±11 94.6±7.3* 99±16.6* 77±4.3 97.6±17.2 84±6$ 
GOT(U/L) 68±10.4 75±10.4 122±17.8* 75±6.4 77±5.12 73±10.3$ 
Creatinine (mg/dL) 0.8±0.2 1.1±0.1 1.1±0.1 0.9±0.1 0.9±0.1 0.8±0.1 
Urea (mg/dL) 39.3±2.2 36.8±2.4 59±7.4* 30.4±3.8 26.5±2.3# 36±4.1$ 

Serum changes in blood parameters after administration of Nigella Sativa (NS) or Gamma Radiated Nigella Sativa (GRNS) and prior 
protection in combination with propolis. Hb, hemoglobin; Red Blood Cells (RBCs); White Blood Cells (WBCs); GPT, glutamate 
pyruvate transaminase; GOT, glutamate oxalacetate transaminase. Values are means ± S.E for 5 different rats per each group.  *; 
p<0.05 Vs control; #p<0.05 Vs NS; $p<0.05 Vs GRNS 
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Fig. 1. Protective effect of propolis on NS and GRNS induced changes in Liver histology. Liver histology was examined by H and E 

stain (A and B) show normal structure of hepatic cord (h) and central vein (c) (C) (γ-irradiated NS group) showed numerous 
vacuolar degeneration (V) and fatty changes (f) (D) (propolis group) shows little hydropic degeneration (hy) and normal central 
vein (c). (E) (NSP; NS plus propolis) showed vacuolar degeneration (v). (F) (GRNSP, gamma-radiated NS plus propolis) showed 
disappearance of the fatty changes and very little vacuolar degeneration (v). Original magnification: X400 (A-F) 
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Fig. 2. Protective effect of propolis on NS and GRNS induced changes in kidney histology. Kidney histology was examined by H 

and E stain. (A) (control) and D (propolis) show normal kidney structure of glomeruli (G), proximal (P) and distal (D) 

convoluted tubules. (B) shows little lymphocytic infiltration (L)(C) (γ-irradiated NS group) shows desquamation in the 
cytoplasm (de) of renal tubules, hemorrhage (h) in renal corpuscles and lymphocytic infiltration (L). (E) (NSP; NS plus 
propolis) showed vacuolation (v) and desquamation (de) in the cytoplasm of the renal tubules. (F) (GRNSP, gamma-radiated 
NS plus propolis) showed disappearance of the lymphocytic infiltration and desquamation in the epithelium of the renal 
tubules. Original magnification: X400 (A-F) 
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Fig. 3. Effects of propolis on NS and GRNS induced changes in IL-1 β levels. Wistar rats were NS, GRNS alone or in combination 

with propolis for two weeks. Serum levels of IL-1β were measured using ELISA. Values are means ± S.E.M for 5 different 
rats for each experiment. *p<0.05 vs. control 

 

 
 

Fig. 4. Protective effects of propolis on NS and GRNS induced changes in TNF-α levels. Wistar rats were NS, GRNS alone or in 
combination with propolis for 2 weeks. Serum levels of TNF-α were measured using ELISA. Values are means ± S.E.M for 5 
different rats for each experiment. *p<0.05 vs. control and # p<0.05 Vs. NS group 

 

The liver of rats given GRNS and propolis (GRNSP) 
showed disappearance of the fatty changes and very little 
vacuolar degeneration still resident (Fig. 1F). 

3.3. Kidney Findings 

The kidney renal corpuscle lined by simple squamous 
epithelium. Proximal convoluted tubules lined by pyramidal 
cells with eosinophilic cytoplasm. While the distal 
convoluted tubules lined by simple cuboidal epithelium 

with light eosinophilic cytoplasm and basophilic centrally 
located nuclei (Fig. 2A). The kidney of rats administered 
NS, showed lymphocytic infiltration in the parenchyma of 
the renal tissues (Fig. 2B). While the kidney of rats given 
gamma irradiated Nigella sativa (GRNS), showed 
desquamation in the cytoplasm of the renal tubules, 
hemorrhage in the renal corpuscle and lymphocytic 
infiltration (Fig. 2C). Moreover, the kidney of rats given 
Propolis (P) alone, showed normal structure (Fig. 2D).  
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Fig. 5. Protective effects of propolis on NS and GRNS induced changes in IL-10 levels. Wistar rats were NS, GRNS alone or in 
combination with propolis for 2 weeks. Serum levels of IL-10 were measured using ELISA. Values are means ± S.E.M for 5 
different rats for each experiment. *p<0.05 Vs control; # p<0.05 Vs. NS alone and #p<0.05 Vs GRNS 

 

While kidney of rats given NS and Propolis (NSP), 

showed desquamation and vacuolation in the cytoplasm 

of the renal tubules (Fig. 2E). Finally the kidney of rats 

given Gamma Irradiated Nigella Sativa and Propolis 

(GRNSP), showed disappearance of the lymphocytic 

infiltration and desquamation in the epithelium of the 

renal tubules (Fig. 2F). 

3.4. Changes in IL-1β, TNF-α and IL-10 Levels 

in Serum of NS, GRNS and Propolis 

Administration in Wistar Rats 

As seen in Fig. 3 NS, GRNS and propolis 
significantly (p<0.05) modulated IL-1 secretion and 
increased its concentration. Administration of propolis 
to NS and GRNS did not induce any additive 
alteration in IL-1 secretion. Unlike IL-1 findings, NS 
alone modulated TN-α secretion and GRNS has no 
effect. Administration of propolis with NS (NSP 
group) inhibited NS induced alteration in TNF-α (Fig. 

4). Parallel to this finding, NS induced IL-10 levels 
and GRNS inhibited such effect. Addition of propolis 
to NS (NSP group) inhibited NS induced IL-10 
secretion. While propolis administration in GRNSP 
group normalized the inhibition in IL-10 secretion 
induced by GRNS alone (Fig. 5). 

4. DISCUSSION 

The current study showed that co-administration of 
propolis with NS improved alterations occurred by both 

NS and GRNS in blood profiles, liver and kidney 
parameters. Several studies have confirmed the role of 
flavonoids in the deactivation of the free radicals (Galati 
and O’Brien, 2004; Kumazawa et al., 2003). But very 
few data have been published considering the effect of 
propolis and its polyphenolic compounds in the 
protection from the whole body irradiation (Dimov et al., 
1992). Flavonoids posses’ anti-oxidant activity based on 
ability of direct free radicals scavenging, or stabilizing the 
ROS by reacting with the reactive compound of the 
radicals. Because of the high reactivity of the hydroxyl 
substituents of the flavonoids, radicals are made inactive. 
Flavonoids can also increase the function of the 
endogenous anti-oxidant enzyme systems. Furthermore, 
anti-oxidant effects may be a result of a combination of 
radical scavenging and an interaction with enzyme 
functions (Galati and O’Brien, 2004). 

NS and GRNS increased IL-1β levels and propolis 
addition did not induce any additive alteration. This 
alteration is in away to potentiate the immune response 
of body to enforce the body defensive mechanism. 
Regarding alterations occurred on blood, GPT, GOT and 
Urea levels, propolis is known to have radio-protective 
effects. The use of flavonoids as potential radio-protectors 
is of increasing interest because of their high anti-oxidant 
activity and abundance in the diet (Ritidech et al., 2005). 
Moreover, propolis is also well known for its medical 
effects, including anti-inflammatory, anti-viral, immune-
stimulatory and carcinostatic activities. Many studies 
reported beneficial properties of propolis in vivo and in 
vitro (Varanda et al., 1999). 
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Regarding interleukin-10 findings, IL-10 is a potent 

anti-inflammatory cytokine. It inhibits IL-1β and IL-6 
production from macrophages (Fiorentino et al., 1991). 
This cytokine plays a critical role in shaping the immune 
response by blocking class II major histocompatibility 
complex expression and decreasing pro-inflammatory 
cytokine expression (Donnelly et al., 1999; Moore et al., 
2001). In our findings we reported that GRNS inhibited 
IL-10 secretion and co-addition of propolis normalized 
such inhibition. The stimulation of IL-10 secretion was 
reported in study of Cole et al. (2010) and is parallel to our 

findings. NS modulated TNF-α secretion but γ-irradiated 
NS inhibited TNF-α secretion and propolis normalized it. 
Such findings may be attributed the reflex body defensive 
mechanism to increase the proinflammatory cytokines that 
initiate body immune response. 

As known exposure to ionizing radiation produces 

reactive oxygen species like hydroxyl radicals, 

superoxide anions and other oxidant as H2O2 which 

cause antioxidant/oxidant balance (Thangasamy et al., 

2009). Cytokines play important roles during 

inflammation and radiation (Ao et al., 2009). The response 

of body to such radiation involves number of mediators as 

cytokines produced by macrophages, epithelial cells and 

fibroblasts (Chen et al., 2002; 2005). Exposure of rats to 

10 Gy of γ-irradiation increased levels of IL-1 α and IL-6 

mRNA expression (Linard et al., 2004). Cytokines are 

signaling molecules that mediate inflammation and 

immune response. Those molecules have many cellular 

functions and affect tissue homeostasis, among those 

cytokines are IL-1 and TNF-α as inflammatory and IL-10 

as anti-inflammatory. Body responses include 

differentiation of T-helper cells into Th1, Th2 and Th0 

cells. As known, Th1 cells involved in cellular immunity 

while Th2 cells are associated with humeral immunity. 

Th1 cytokines include IFN-α and TNF-α (Zhang et al., 

2011). In our results propolis alleviates the alterations 

occurred at cellular levels and tissue histopathology. The 

changes induced by GRNS in blood cells profiles, GPT, 

GOT and urea levels were normalized by propolis. Also, 

alterations in kidney and liver histopathology were 

normalized by administration of propolis. The 

cytokines normalizing effects of propolis are parallel 

to histopathological findings and suggest that propolis 

has anti-oxidant like effects.  On the same line of 

investigations, Bachiega et al. (2012), reported that 

propolis modulated the immune/inflammatory 

response. In brief, propolis protected the body from 

the biohazards in immune-modulatory findings 

induced by gamma irradiated Nigella sativa. 

5. CONCLUSION 

The present study clarified that administration of 

propolis is beneficial to prevent alterations induced by γ-
irradiation of Nigella sativa. Moreover, propolis 
modulates changes in blood cells, liver, kidney, 
cytokines and histopathology of kidney and liver 
occurred by NS and gamma irradiated NS. 
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