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Abstract: Our study investigated the protective effect of Nitraria retusa (N. retusa) fruit against penconazole-induced 

changes in blood hematological and mineral profiles in rats. Rats were treated either with penconazole (67 mg/kg body 

weight), N. retusa fruit aqueous extract (300 mg/kg body weight) or with penconazole associated with N. retusa. Penconazole 

was administered intraperitoneally every 2 days from day 7 until day 15, the sacrifice day, while N. retusa extract was 

administered daily by gavage during 15 days. Compared to the controls, the penconazole-treated group showed significant 

differences in several hematological parameters, including a decrease in red blood cells’ count, hemoglobin concentration and 

hematocrit value, and an increase in white blood cells and platelets’ counts. Moreover, iron, calcium and magnesium plasma 

levels decreased. N. retusa administration to penconazole-exposed rats improved the blood hematological and mineral profiles. 

Our data indicated that N. retusa fruit might be favorable to avoid changes in blood hematological and mineral parameters 

associated with penconazole exposure. 
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1. Introduction 

Blood is the most important body fluid governing vital 

functions such as respiration, circulation, excretion, osmotic 

balance and the transport of metabolic substances. It is 

known to exhibit pathological changes before the onset of 

any external toxicity symptoms [1]. Many studies have 

demonstrated significant changes in fish and rodents’ blood 

variables as a result of exposure to environmental pollutants 

like pesticides [2-4]. Among them, penconazole, a systemic 

triazole fungicide, is commonly used in horticultural, 

agricultural and forestry industries for powdery mildew 

control [5]. Due to its widespread use, its residues have been 

detected in multiple environmental and human matrices, 

raising the issue of possible health risks to the general 

population. Toxicological studies have shown that 

penconazole exerts harmful effects, involving free radicals 

damage, in several mammalian soft tissues such as the liver 

[6, 7], the testes [7, 8], the kidney [7, 9], the heart [10], the 

brain [11], and the lung [12]. Adverse effects of this 

fungicide on some organic and enzymatic components in 

blood of adult rats have been reported [6, 7, 9, 10]. Indeed, 

penconazole induced in the blood of exposed rats significant 

changes in protein, glucose, triglyceride, creatinine, urea and 
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uric acid levels. Moreover, alterations in aspartate 

aminotransferase, alanine aminotransferase, alkaline 

phosphatase, gamma glutamyltranspeptidase and lactate 

dehydrogenase activities have been observed. However, there 

are no data concerning penconazole impact on blood 

hematological and mineral parameters. 

It is well documented that medicinal plants have long served 

as a natural and useful source of therapeutic agents against 

blood parameters alteration [13-15]. Nitraria retusa (N. 

retusa), used as a traditional medicinal plant, is a salt-tolerant 

and drought resistant shrub commonly known as “Ghardaq” in 

Tunisia. Its fresh leaves in decoction are employed in the 

treatment of poisoning, upset stomach, ulcers, gastritis, colitis 

and colonic abdominal pain [16], while its dry leaves serve to 

make cataplasms owing to their anti-inflammatory properties. 

Besides, the ashes of this plant have the ability to remove 

liquids (blood, lymph) of infected wounds [17]. N. retusa also 

produces red fleshy edible fruits from which a tasty and 

refreshing juice may be extracted [18]. Previous researches on 

the fruit extracts of this species have shown that they contain 

bioactive phytochemicals, like polyphenols, with interesting 

biological properties such as antioxidant effects [19, 20]. 

In the present study, we aimed to elucidate the adverse 

effects of penconazole exposure on blood hematological and 

mineral parameters in adult rats. The protective role of N. 

retusa fruit aqueous extract on these parameters in 

penconazole-exposed rats was also investigated. 

2. Materials and Methods 

2.1. Chemicals 

In the present study, we used the commercial formulation 

Topas
 

100 EC, containing 100 g/L (w/v) of the active 

ingredient penconazole (Syngenta, Bâle, Switzerland). 

2.2. Plant Material 

N. retusa fresh ripe fruits were collected from Kerkennah 

Island (Sfax, Tunisia) and identified in botanic laboratory 

(Faculty of Sciences, University of Sfax, Tunisia), according 

to the Flora of Tunisia [21]. 

2.3. N. retusa Aqueous Extract Preparation 

The aqueous extract of N. retusa fruit, prepared as 

previously described [9], was used in the present study to 

evaluate its beneficial effects on blood hematological and 

mineral parameters in penconazole-treated rats. 

2.4. Animals 

Twenty four male Wistar rats, with an average weight of 

250 g, were purchased from the Central Animal House 

(SIPHAT, Tunisia) and kept under controlled temperature (22 

± 2°C), humidity (40%) and light conditions (12 h light/dark 

cycle). A standard laboratory pellet diet and distilled water 

were given ad libitum. Experimental procedure was approved 

by the Ethical Committee of Sciences Faculty of Sfax, with 

ethics approval number 1204, and in accordance with the 

International Guidelines for Animal Care [22]. 

2.5. Experimental Design 

The rats were divided into the following four groups of six 

each: 

a. Group 1 (Controls): serving as negative controls. 

b. Group 2 (PEN): No treatment was performed during the 

first six days, then rats received intraperitoneally 

penconazole at 67 mg/kg body weight (bw) every two 

days from day 7 until day 15, the sacrifice day. 

c. Group 3 (NRE+PEN): Rats received daily by gavage 

during the first six days 300 mg/kg bw of N. retusa 

extract. Then, from day 7 until day 15, they received 

both the aqueous extract of N. retusa (300 mg/kg bw) 

daily by gavage and penconazole (67 mg/kg bw) as 

explained previously. 

d. Group 4 (NRE): Rats received daily by gavage N. 

retusa aqueous extract (300 mg/kg bw) for 15 days. 

The dose of penconazole used in the present treatment 

represented 1/30 of LD50. It was selected on the basis of the 

previous study of El-Sharkawy and El-Nisr [8]. These authors 

have shown that penconazole induces testicular dysfunction in 

adult rats when administered at 50 mg/kg bw and 100 mg/kg 

bw. Thus, we have chosen an intermediate dose of penconazole 

which produced toxicity in rats without lethality. A dose higher 

than 67 mg/kg bw provoked hemorrhage and diarrhea. 

As for N. retusa extract, we have shown in a preliminary 

dose-response study performed in our laboratory that a dose 

higher than 300 mg/kg bw causes diarrhea in exposed rats, 

which could be due to the presence of fibers in the fruit pulp, 

as demonstrated by Hegazy et al. [19]. 

At the end of the treatment period (15 days), all rats were 

sacrificed by cervical dislocation to avoid stress. One fraction 

of blood was immediately collected into EDTA-containing 

tubes for full blood count. Another fraction, collected in 

heparin-coated tubes, was centrifuged at 2200 x g for 10 min 

to obtain plasma samples for analysis of mineral parameters. 

2.6. Evaluation of Hematological Parameters 

Total red (RBC), white (WBC) and platelet (Plt) blood 

cells count, hemoglobin (Hb), hematocrit (Ht), mean cell 

volume (MCV) and mean corpuscular hemoglobin (MCH) 

values and mean corpuscular hemoglobin concentration 

(MCHC) were determined with the use of an automatic 

hematological assay analyzer (Beckman Coulter, USA). 

2.7. Evaluation of Mineral Parameters 

Plasma iron, calcium, phosphorus and magnesium levels 

were assayed spectrophotometrically using commercially 

available diagnostic kits (Biomaghreb, Tunisia, Ref 20064, 

20051, 20084, 20074, respectively). 

2.8. Statistical Analysis 

The results obtained were presented as means ± standard 

deviation (SD). They were analyzed using the statistical 
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package program Stat view 5 Software for Windows (SAS 

Institute, Berkley, CA). Statistical comparisons between 

groups were made by means of one-way analysis of variance 

(ANOVA) followed by Fisher protected least significant 

difference (PLSD) test as a post hoc test. Differences were 

considered statistically significant if p<0.05. 

3. Results 

3.1. Hematological Parameters 

Compared to the controls, a significant decrease by 5% in 

RBC count, Hb concentration and Ht value was observed in 

penconazole-treated rats. However, no significant changes 

were recorded for MCV, MCH and MCHC following 

penconazole exposure. Meanwhile, a significant increase was 

observed in total WBC (+47%) and Plt (+27%) counts in 

penconazole-exposed rats, compared to the controls (Table 

1). Administration of N. retusa extract attenuated alterations 

induced by penconazole by increasing RBC (+10%), Hb 

(+6%) and Ht (+12%) values and decreasing total WBC (-

29%) and Plt (-6%) counts, when compared to those of PEN 

group. 

Table 1. Hematological parameters of control and treated rats with penconazole (PEN), N. retusa (NRE) or their combination (NRE+PEN). 

Parameters and treatments Controls PEN NRE+PEN NRE 

RBC (106/µL) 9.18 ± 0.20 8.68 ± 0.43* 9.51 ± 0.38++ 9.27 ± 0.43 

Hb (g/dL) 15.17 ± 0.36 14.35 ± 0.75* 15.28 ± 0.46+ 14.97 ± 0.53 

Ht (%) 47.27 ± 0.70 44.70 ± 1.46** 50.10 ± 1.95**+++ 48.40 ± 1.98 

MCV (mm3/RBC) 51.47 ± 0.35 51.45 ± 1.83 52.66 ± 0.62 52.23 ± 1.14 

MCH (g/dL) 16.57 ± 0.74 16.53 ± 0.64 16.10 ± 0.28 16.15 ± 0.58 

MCHC (g/dL) 32.13 ± 1.22 31.98 ± 0.83 30.53 ± 0.30 31.13 ± 0.48 

WBC (103/µL) 13.72 ± 1.44 20.23 ± 2.81*** 14.40 ± 2.98++ 14.35 ± 2.64 

Plt (103/µL) 880.67 ± 25.76 1121.33 ± 66.07*** 1051.00 ± 36.03***+ 865.83 ± 17.45 

RBC: red blood cells; Hb: hemoglobin; Ht: hematocrit; MCV: mean cell volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin 

concentration; WBC: white blood cells; Plt: platelets. 

Values are means ± SD for six rats in each group. 

PEN and NRE+PEN groups vs control group: *p<0.05; **p<0.01; ***p<0.001. 

NRE+PEN group vs PEN group: +p<0.05; ++p<0.01; +++p<0.001. 

3.2. Blood Mineral Parameters 

Following penconazole treatment, we noted a marked 

decrease in blood inorganic components like iron (-39%), 

calcium (-15%) and magnesium (-37%), while phosphorus 

level showed no significant difference, as compared to the 

controls (Table 2). Interestingly, N. retusa extract was found 

to alleviate the changes of mineral profile in penconazole-

exposed rats by enhancing plasma levels of iron (+38%), 

calcium (+12%) and magnesium (+32%), without reaching 

control values. 

Table 2. Iron, calcium, phosphorus and magnesium plasma levels in control and treated rats with penconazole (PEN), N. retusa (NRE) or their combination 

(NRE+PEN). 

Parameters and treatments Controls PEN NRE+PEN NRE 

Iron (µmol/L) 25.25 ± 2.13 15.33 ± 1.84*** 21.10 ± 2.5**+++ 27.32 ± 2.58 

Calcium (mmol/L) 2.34 ± 0.17 1.98 ± 0.13** 2.22 ± 0.22+ 2.45 ± 0.12 

Phosphorus (mmol/L) 2.24 ± 0.25 2.40 ± 0.16 2.38 ± 0.18 2.24 ± 0.10 

Magnesium (mmol/L) 0.75 ± 0.08 0.47 ± 0.11*** 0.62 ± 0.12*+ 0.67 ± 0.10 

Values are means ± SD for six rats in each group. 

PEN and NRE+PEN groups vs control group: *p<0.05; **p<0.01; ***p<0.001. 

NRE+PEN group vs PEN group: +p<0.05; +++p<0.001. 

4. Discussion 

To the best of our knowledge, the present study constitutes 

the first attempt to evaluate penconazole effects on blood 

hematological and inorganic components. Our results 

regarding the erythrocyte profile revealed a significant 

decrease in RBC, Hb and Ht values in penconazole-treated 

rats, indicating the ability of this fungicide to induce anemia. 

This could be explained by the inhibition of erythropoiesis 

and the increase in the rate of erythrocytes destruction in 

hemopoietic organs. Indeed, pesticides residues have been 

demonstrated to cause anemia by interfering with Hb 

biosynthesis and shortening the life span of circulating 

erythrocytes [23]. 

Additionally, we observed a marked fall in plasma iron 

level after penconazole administration. This reduction could 

explain in part the observed anemia. In fact, approximately 

65% of total body iron is associated with Hb [24]. Iron 

deficiency in the body limits the synthesis of heme (a 

prosthetic group of Hb), which in turn reduces Hb synthesis 

and decreases RBC production in the bone marrow, resulting 

in anemia. 

Other minerals like calcium and magnesium were 

significantly reduced. Calcium and magnesium are critical 

indicators of osmotic pressure alteration [25]. Their reduction 

indicated that penconazole affected the osmotic and ionic 

regulation in rats. 

On the other hand, we observed a significant increase in 
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WBC count following penconazole treatment, establishing 

leucocytosis. This might be the consequence of direct 

stimulation of immunological defense due to the fungicide 

exposure. The rise in WBC count corroborated our earlier 

histological observation of inflammatory leucocytes 

infiltration in the hepatic and renal tissues of penconazole-

exposed rats [6, 9]. Penconazole also increased platelet 

counts (Plt), probably suggesting a secondary 

thrombocytosis, as reported by Kanu et al. [4] in rats exposed 

to dichlorvos based insecticide formulation. Generally, 

platelets play a pivotal role in health and disease, given their 

central involvement in haemostasis and thrombosis. 

According to Abramson and Melton [26] and Schafer [27], 

leucocytosis and secondary thrombocytosis may be caused 

by several conditions such as infections, inflammation-tissue 

necrosis, stress and hemolytic anemia. Similar findings, as 

described in the present study, have been reported in the 

previous work of Kasmi et al. [28] in rats exposed to 

difenoconazole, a triazole fungicide. 

All modifications shown after penconazole treatment were 

alleviated by N. retusa fruit. Indeed, N. retusa increased 

significantly RBC, Hb and Ht values. The erythropoietic 

effect of this plant could be attributed to its richness in iron 

[9]. Moreover, other compounds present in N. retusa fruit, 

like the polyphenols, could contribute to its therapeutic effect 

[9]. In fact, kaempferol has been reported to prevent, through 

its antioxidant activity, the decrease in Hb, Ht and RBC in 

noise stress-exposed rats [29]. Chlorogenic acid has been 

demonstrated to exert also beneficial effects against anemia 

and mineral disturbances occurring in 4-tert-octylphenol 

toxicity [30]. 

Meanwhile, N. retusa extract decreased WBC and Plt 

counts in penconazole-treated rats, reflecting an anti-

inflammatory property that could probably be attributed to its 

active ingredients, particularly the flavonoids [9]. For 

instance, p-coumaric acid has been shown to act as an 

immunomodulatory and anti-inflammatory agent in 

experimental inflammation in rats [31]. Kaempferol and 

cyanidin 3-O-rutinoside have been shown to exert in vitro 

anti-inflammatory effects in lipopolysaccharide-activated 

macrophages [32, 33]. 

In addition, N. retusa fruit contains significant amounts of 

minerals including sodium, calcium, magnesium, iron, zinc 

and copper, as previously demonstrated [9]. In the present 

work, administration of N. retusa extract to penconazole-

exposed rats improved the plasma levels of iron, calcium and 

magnesium in rats, which could be ascribed to its richness in 

these minerals. Other compounds like propolis and bee 

pollen enhance iron, calcium and magnesium serum levels in 

rats subjected either to nutritional ferropenic anemia [34] or 

to sodium fluoride toxicity [35]. 

5. Conclusion 

Our investigation clearly demonstrated that N. retusa fruit 

extract showed a beneficial effect against penconazole-

induced changes in blood hematological and mineral 

parameters in rats. Hence, this medicinal plant might be used 

as a therapeutic agent against damage associated with 

penconazole exposure, especially in agricultural workers. 

 

References 

[1] Blaxhall, P. C. and Daisley, K. W. (1973). Routine 
hematological methods for use with fish blood. Journal of 
Fish Biology, 5: 771-781. 

[2] Li, Z. H., Velisek, J., Grabic, R., Li, P., Kolarova, J. and 
Randak, T. (2011). Use of hematological and plasma 
biochemical parameters to assess the chronic effects of a 
fungicide propiconazole on a freshwater teleost. 
Chemosphere, 83 (4): 572-578. 

[3] Jasper, R., Locatelli, G. O., Pilati, C. and Locatelli, C. (2012). 
Evaluation of biochemical, hematological and oxidative 
parameters in mice exposed to the herbicide glyphosate-
Roundup R. Interdisciplinary Toxicology, 5 (3): 133-140. 

[4] Kanu, K. C., Ijioma, S. N., and Atiata, O. (2016). 
Haematological, Biochemical and Antioxidant Changes in 
Wistar Rats Exposed to Dichlorvos Based Insecticide 
Formulation Used in Southeast Nigeria. Toxics, 4 (4): 28. 

[5] Pose-Juan, E., Rial-Otero, R. and Lopez-Periago, J. E. (2010). 
Sorption of penconazole applied as a commercial water-oil 
emulsion in soils devoted to vineyards. Journal of Hazardous 
Materials, 182 (1-3): 136-143. 

[6] Chaâbane, M., Soudani, N., Benjeddou, K., Turki, M., Ayadi 
Makni, F., Boudawara, T., Zeghal, N. and Ellouze Ghorbel, R. 
(2015). The protective potential of Nitraria retusa on 
penconazole-induced hepatic injury in adult rats. 
Toxicological and Environmental Chemistry, 97 (9): 1253-
1264. 

[7] Abdel Rasoul, M. A., Marei, G. I. K. (2016). Potential 
therapeutic effect of turmeric (Curcuma longa) against adverse 
effects of penconazole fungicide to white rats. International 
Journal of Pharmacology and Toxicology, 4 (2): 178-186. 

[8] El-Sharkawy, E. E., and El-Nisr, N. A. (2013). Testicular 
Dysfunction Induced by Penconazole Fungicide on Male 
Albino Rats. Comparative Clinical Pathology, 22 (3): 475-
480. 

[9] Chaâbane, M., Koubaa, M., Soudani, N., Elwej, A., Grati, M., 
Jamoussi, K., Boudawara, T., Ellouze Chaabouni, S. and 
Zeghal, N. (2017). Nitraria retusa fruit prevents penconazole-
induced kidney injury in adult rats through modulation of 
oxidative stress and histopathological changes. 
Pharmaceutical Biology, 55 (1): 1061-1073. 

[10] Chaâbane, M., Tir, M., Hamdi, S., Boudawara, O., Jamoussi, 
K., Boudawara, T., Ellouze Ghorbel, R., Zeghal, N. and 
Soudani, N. (2016). Improvement of heart redox states 
contributes to the beneficial effects of selenium against 
penconazole- induced cardiotoxicity in adult rats. Biological 
Trace Element Research, 169: 261-270. 

[11] Chaâbane, M., Ghorbel, I., Elwej, A., Mnif, H., Boudawara, 
T., Ellouze Chaâbouni, S., Zeghal, N. and Soudani, N. (2017). 
Penconazole alters redox status, cholinergic function, and 
membrane bound ATPases in the cerebrum and cerebellum of 
adult rats. Human and Experimental Toxicology, 36 (8): 854-
866. 



 AASCIT Journal of Biology 2018; 4(2): 35-39 39 

 

[12] Hassan, N. S., Shikoo, E. Y., Thabet, A. R., and Al-Shaibani, 
E. (2015). The efficiency of Thymus laevigatus extract on the 
penconazole toxicity in some rabbit tissues. European Journal 
of Biological Research, 5 (2): 9-16. 

[13] Koriem, K. M. M., Arbid, M. S., and El-Gendy, N. F. I. 
(2010). The protective role of Tropaeolum majus on blood and 
liver toxicity induced by diethyl maleate in rats. Toxicology 
Mechanisms and Methods, 20 (9): 579-586. 

[14] Singh, T., Singh, A., Nivedita, Singh, S. K., and Singh, J. K. 
(2014). Efficacy of Eclipta alba (L.) against sub lethal dose of 
endosulfan-induced biochemical and haematological 
alterations in swiss albino mice. International Journal of 
Pharmaceutical Sciences Review and Research, 27 (2): 216-
221. 

[15] Ola-Davies, O. E., and Akinrinde, A. S. (2016). Acute sodium 
arsenite-induced hematological and biochemical changes in 
wistar rats: protective effects of ethanol extract of Ageratum 
conyzoides. Pharmacognosy Research, 8 (1): 26-30. 

[16] Bellakhdar, J. (1997). La pharmacopée marocaine 
traditionnelle: Médecine arabe ancienne et savoirs populaires. 
Paris: Ibis Press; p. 764. 

[17] Shaltout, K. H., Sheded, M. G., El-Kady, H. F., and Al-
Sodany, Y. M. (2003). Phytosociology and size structure of 
Nitraria retusa along the Egyptian Red Sea coast. Journal of 
Arid Environments, 53 (3): 331-345. 

[18] Le Floc’h, E. (1983). Contribution à une étude 
Ethnobotanique de la Flore Tunisienne. 2nd ed. Tunis: 
Ministère de l’enseignement Supérieur et de la Recherche 
Scientifique, Imprimerie Officielle de la République 
Tunisienne; p. 136-7. 

[19] Hegazy, A. K., Al-Rowaily, S. L., Faisal, M., Alatar, A. A., El-
Bana, M. I., and Assaeed, A. M. (2013). Nutritive value and 
antioxidant activity of some edible wild fruits in the Middle 
East. Journal of Medicinal Plants Research, 7 (15): 938-946. 

[20] Chaâbane, M., Maktouf, S., Sayari, N., Zouari, S., Zeghal, N., 
and Ellouze Ghorbel, R. Antioxidant and antimicrobial 
properties of the extracts from Nitraria retusa fruits and their 
applications to meat product preservation. Industrial Crops 
and Products, 55: 295-303. 

[21] Pottier-Alapetite, G. (1979). Flowers of Tunisia: angiosperms, 
dicotyledons, apetals, dialypetals. Tunisia: Ministry of Higher 
Education and Scientific Research and the Ministry of 
Agriculture; p. 456. 

[22] Council of European Communities. (1986). Council 
instructions about the protection of living animals used in 
scientific investigations. OJEC (JO 86/609/CEE) 358: 1-18. 

[23] Ray. (1992). Pollution and Health, Wiley Eastern Ltd., New 
Delhi。 

[24] Cheng, Z., and Li, Y. (2007). What is responsible for the 
initiating chemistry of iron mediated lipid peroxidation: an 
update. Chemical Reviews, 107 (3): 748-766. 

[25] Hur, J. W., Chang, Y. J., Lim, H. K., and Lee, B. K. (2001). 
Stress responses of cultured fishes elicited by water level 
reduction in rearing tank and fish transference during selection 
process. Journal of the Korean Fisheries Society, 34: 465-72. 

[26] Abramson, N., and Melton, B. (2000). Leukocytosis: Basics of 
clinical assessment. American Family Physician, 62 (9): 2053-
2060. 

[27] Schafer, A. I. (2004). Thrombocytosis. The New England 
Journal of Medicine, 350: 1211-1219. 

[28] Kasmi, S., Bkhairia, I., Harrabi, B., Mnif, H., Marrakchi, R., 
Ghozzi, H., Kallel, C., Nasri, M., Zeghal, K., Jamoussi, K. and 
Hakim, A. (2017). Modulatory effects of quercetin on liver 
histopathological, biochemical, hematological, oxidative stress 
and DNA alterations in rats exposed to graded doses of Score 
250. Toxicology Mechanisms and Methods, 28 (1) 12-22. 

[29] Isaac, A. O., Joseph, A. O., Victor, S. O., Lamidi, Y. I., and 
Andrew, A. M. (2017). Ameliorative effects of kaempferol 
and zinc gluconate on erythrocyte osmotic fragility and 
haematological parameters in Wistar rats exposed to noise 
stress. Insights in Biomedicine, 2 (3): 15. 

[30] Koriem, K. M. M., Arbid, M. S. S., and Gomaa, N. E. (2017). 
The role of chlorogenic acid supplementation in anemia and 
mineral disturbances induced by 4-tert-octylphenol toxicity. 
Journal of Dietary Supplements, 10: 1-17. 

[31] Pragasam, S. J., Venkatesan, V., and Rasool, M. (2013). 
Immunomodulatory and anti-inflammatory effect of p-
coumaric acid, a common dietary polyphenol on experimental 
inflammation in rats. Inflammation, 36 (1): 169-176. 

[32] Hämäläinen, M., Nieminen, R., Vuorela, P., Heinonen, M., 
and Moilanen, E. (2007). Anti-Inflammatory Effects of 
Flavonoids: Genistein, Kaempferol, Quercetin, and Daidzein 
Inhibit STAT-1 and NF-κB Activations, Whereas Flavone, 
Isorhamnetin, Naringenin, and Pelargonidin Inhibit only NF-
κB Activation along with Their Inhibitory Effect on iNOS 
Expression and NO Production in Activated Macrophages. 
Mediators of Inflammation, 2007: 45673. 

[33] Jung, H., Kwak, H. K., and Hwang, K. T. (2014). Antioxidant 
and anti-inflammatory activities of cyanidin-3-glucoside and 
cyanidin-3-rutinoside in hydrogen peroxide and 
lipopolysaccharide-treated RAW264.7 cells. Food Science and 
Biotechnology, 23 (6): 2053. 

[34] Haro, A., Aliaga, L. I., Lisbona, F., Barrionuevo, M., Alferez, 
M. and Campos, M. (2000). Beneficial effect of pollen and/or 
propolis on the metabolism of iron, calcium, phosphorus and 
magnesium in rats with nutritional ferropenic anemia. Journal 
of Agricultural and Food Chemistry, 48 (11): 5715-5722. 

[35] Khalil, F. A., and El-Sheikh, N. M. (2010). The effects of 
dietary Egyptian propolis and bee pollen supplementation 
against toxicity of sodium fluoride in rats. Journal of 
American Science, 6 (11): 310-316. 

 

 


