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Abstract                                                                                                                                

Anemia is characterized by a decrease in the quantity or function of red blood cells and hemoglobin together, 
which impairs the blood's ability to transport oxygen efficiently, it remains one of the most prevalent blood 
disorders and represents a significant global health challenge affecting a significant proportion of the world's 
population of all ages. Hemolytic anemia characterized by premature erythrocyte destruction. This study evaluates 
the therapeutic efficacy of green-synthesized iron nanoparticles (FeNPs) using hydroxytyrosol (HXT) in the 
treatment of phenylhydrazine (PHZ)-induced hemolytic anemia in male Sprague-Dawley rats. The synthesis of 
iron nanoparticles was carried out in the laboratories of the College of Science, University of Kirkuk. The synthesis 
process was successfully completed, and the iron nanoparticles were characterized using various techniques. UV-
Vis spectroscopy revealed a strong absorption peak at 294 nm, confirming the synthesis of iron nanoparticles. 
FESEM images revealed quasi-spherical nanoparticles with an average size of 33 nm, followed by animal housing 
and experimentation in the animal housing. Forty-eight male Sprague Dawley rats were divided into six groups: 
control, PHZ, FeNPs-HXT, FeCl₃, Feroglobin, and HXT. Biochemical and immunological parameters including 
erythropoietin (EPO), IL-10, IL-12, TNF-α, and IFN-γ were assessed. FeNPs-HXT significantly restored EPO 
levels and modulated cytokine profiles more effectively than other treatments. The nanoparticles exhibited higher 
anti-inflammatory and erythropoietin activity, probably due to the improved bioavailability and antioxidant 
characteristics of HXT. These findings underscore FeNPs-HXT as a possible therapy candidate for hemolytic 
anemia. 
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1. INTRODUCTION                                                                                                                                     
Anemia is a prevalent hematological condition that affects oxygen transport and leads to global 
suffering. Hemolytic anemia, characterized by the early destruction of erythrocytes, results in hypoxia 
and triggers compensatory synthesis of erythropoietin (EPO) [1], [2]. Phenylhydrazine (PHZ) is used 
frequently to cause hemolytic anemia in experimental models owing to its oxidative damage to 
erythrocytes. Latest developments in nanomedicine have presented iron-based nanoparticles (FeNPs) 
as viable alternatives to traditional iron therapy [4]. The green synthesis utilizing hydroxytyrosol 
(HXT), a powerful polyphenol derived from olives, presents a biocompatible and environmentally 
sustainable method [5]. HXT exhibits antioxidant, anti-inflammatory, and metal-chelating 
characteristics, proving it suitable for the stability of nanoparticles [6-8]. This study aims to assess the 
relative effectiveness of hydroxytyrosol-mediated iron nanoparticles (FeNPs-HXT) in alleviating 
phenylhydrazine (PHZ)-induced hemolytic anemia and influencing immunological responses, relative 
to FeCl₃, Feroglobin, and hydroxytyrosol.  
 
2. MATERIALS AND METHODS 

 Synthesis of FeNPs-HXT 

Iron chloride, with a purity of 99.80%, has been purchased from Sigma-Aldrich, a German company, 
for the green production of iron nanoparticles. A 500 ml solution of 0.01 M iron chloride was 
prepared. Subsequently, 30 ml of 0.01 M concentration of a hydroxytyrosol solution was added drop 
by drop to the prepared iron chloride solution, the mixture was refluxed at 50 °C for 1 h. The change 
in the color of the iron chloride solution confirmed the biosynthesis of iron nanoparticles [6]. 
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Characterization of FeNPs: 
UV-visible spectroscopy is one of the most widely used techniques for characterizing the optical 
properties of iron nanoparticles. Because of surface Plasmon excitation, iron nanoparticles show a 
strong absorption peak, making this method very effective for detecting iron colloids. As shown in 
Figure (1), the absorption spectrum of the iron nanoparticles shows a peak at a wavelength of 294 
nm, indicating surface Plasmon resonance, which is consistent with findings from other researchers 
[9].  FTIR analysis was conducted to identify the functional groups involved in the reduction and 
stabilization of iron nanoparticles. Identified O–H, C≡C, and C=C functional groups, confirming 
HXT capping and reduction activity.   Reports of "green" synthesis of iron nanoparticles using plant 
polyphenols have been on the increase in popularity. Recent evaluations indicate that phenolic O–
H groups facilitate the reduction of Fe²⁺/Fe³⁺ to elemental iron, while the aromatic frameworks and 
remaining unsaturation serve as steric shields around the nanoparticle surface, providing colloidal 
stability without requiring additional surfactants. The multiple functions of hydroxytyrosol are 
confirmed by the distinctive retention of its functional-group fingerprints in the FeNPs spectrum 
[10].   Electron microscopy images are generated based on the interaction between a high-energy 
electron beam and a solid material. Figure (3) presents a field emission scanning electron microscopy 
(FESEM) image used to analyze the particle size and shape of the iron nanoparticles created by green 
method [11]. The nanoparticles exhibit a quasi-spherical shape with an average size of approximately 
33 nm. These findings agree with previous reports, such as [12], The mostly uniform and spherical 
characteristics of the particles are especially beneficial for biological and catalytic applications, where 
surface area and particle consistency are crucial.  
Animals and Experimental Design:   
Forty-eight male Sprague Dawley rats (180–220 g), and their ages ranged from (10 – 12) weeks were 
allocated into six experimental groups, each including eight rats with similar weights: Control, PHZ, 
FeNPs-HXT, FeCl₃, Feroglobin, and HXT. The animals were housed in polypropylene cages 
measuring 50×35×30 cm with a metal network cover and acclimated under standard circumstances 
of 25±2 °C, 50±5% humidity, and a 12-hour light-dark cycle within the animal house approved by 
the Committee for the Purpose of Control and Supervision of Experiments on Animals. PHZ was 
administered intraperitoneally to induce hemolytic anemia. Treatments were given for 21 days. 
3.1 Biochemical Analysis:   
Blood was collected via cardiac puncture. Serum levels of EPO, IL-10, IL-12, TNF-α, and IFN-γ 
were measured using ELISA. Data were analyzed using ANOVA (P ≤ 0.05). 

   
Figure 1: Absorbance spectrum of iron nanoparticles    
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Figure (2) represents the FTIR analysis confirms the key functional groups in both 
hydroxytyrosol Fe nanoparticles. 

  
 Figure (3) FE-SEM image of iron nanoparticles 
Biochemical Analysis:   
Blood was collected via cardiac puncture. Serum levels of EPO, IL-10, IL-12, TNF-α, and IFN-γ were 
measured using ELISA. Data were analyzed using ANOVA (P ≤ 0.05). 
 

3. RESULTS AND DISCUSSION 
PHZ significantly increased EPO as shown in figure (4); (795.8 ± 65.5 pg/mL), TNF-α, IL-12, and 
IFN-γ, as shown in figures (6-8) while reducing IL-10 as shown in figure (5). This reflects oxidative 
damage, hypoxia, and systemic inflammation. PHZ induces hemolysis via oxidative stress and 
JAK/STAT suppression, leading to erythrocyte destruction and immune activation. FeNPs-HXT 
significantly reduced EPO (717.8 ± 67.1 pg/mL), TNF-α (350 ± 40.4 ng/L), IL-12 (204.6 ± 41 
pg/mL), and IFN-γ (155.8 ± 36.7 pg/mL), while increasing IL-10 (38.0 ± 4.37 pg/mL). These effects 
indicate potent erythropoietic and anti-inflammatory activity. The superior performance is attributed 
to HXT’s antioxidant properties and the enhanced cellular uptake of FeNPs. Studies confirm FeNPs 
modulate macrophage polarization and suppress NF-κB [13]. According to recent research, FeNPs 
exceed standard formulations with regard to iron delivery, rapid correction of anemia, and reduced 
inflammation compared to conventional formulations [14]. Ferric chloride (FeCl₃), feroglobin, and 
hydroxytyrosol significantly reduced EPO levels, these decreases are compatible with improved iron 
availability and partial maintenance of anemia. Olive polyphenols contain hydroxytyrosol, a potent   
antioxidant that reduces oxidative stress and inflammation, which may inhibit erythropoiesis in 
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chronic or hemolytic anemia [15].  FeCl₃ moderately reduced EPO and IFN-γ but had limited effect 
on IL-10 and TNF-α. Its inorganic nature may contribute to oxidative stress, limiting its therapeutic 
benefit [16 -117]. Feroglobin showed partial improvement in EPO and TNF-α but lacked significant 
immunomodulatory effects. Its bioavailability is lower than FeNPs, and it lacks antioxidant support. 
HXT reduced IL-12 and TNF-α and slightly improved IL-10, confirming its anti-inflammatory role. 
However, without iron supplementation, its erythropoietic effect was limited. 
The delivery of iron nanoparticles significantly elevated serum IL-10 levels, suggesting a possible 
immunomodulatory effect. This finding agrees with prior studies indicating that iron nanoparticles 
may contribute to the alleviation of oxidative stress and inflammatory dysregulation [18]. The increase 
in IL-10 levels may be related to improved bioavailability and cellular absorption of iron, facilitating 
anti-inflammatory mechanisms and supporting immunological response. 
Treatment with iron nanoparticles (FeNPs) markedly diminished IL-12 levels, as studies demonstrate 
that iron oxide nanoparticles can downregulate pro-inflammatory cytokines like IL-12 by alleviating 
oxidative stress and inhibiting the activation of nuclear factor kappa B (NF-κB), a principal regulator 
of cytokine gene expression [19]. Moreover, FeNPs have been documented to promote a transition 
to an anti-inflammatory macrophage phenotype, correlated with reduced IL-12 production [20]. The 
hydroxytyrosol-treated group exhibited a notable reduction in IL-12 levels, reinforcing the recognized 
anti-inflammatory and antioxidant characteristics of this natural phenol. Hydroxytyrosol inhibits 
essential inflammatory pathways, including MAPKs and NF-κB, thereby reducing the production of 
IL-12 and other cytokines [21], [22].  The administration of iron nanoparticles (FeNPs) among the 
treatment groups resulted in a marked decrease in TNF-α levels. This can be ascribed to the 
immunomodulatory characteristics of FeNPs, which have been shown to downregulate inflammatory 
cytokines by affecting macrophage polarization and inhibiting pro-inflammatory pathways such as 
NF-κB [19]. Recent studies indicate that FeNPs enhance the properties of anti-inflammatory M2 
macrophages, resulting in reduced levels of TNF-α and other cytokines. 
The present study revealed that serum concentrations of interferon-gamma (IFN-γ) were markedly 
increased in the phenylhydrazine (PHZ)-treated group relative to the healthy control group, as 
illustrated in Figure (6). This discovery aligns with prior studies demonstrating that PHZ-induced 
hemolytic anemia correlates with increased oxidative stress and the production of inflammatory 
cytokines, notably IFN-γ [23]. The elevation of IFN-γ is attributed to immunological activation caused 
by erythrocyte lysis and oxidative injury, which incites a Th1-dominant immune response marked by 
heightened IFN-γ secretion [24].                                                                                                                           

The research conducted by [25] demonstrated that FeNPs therapy decreased IFN-γ levels by 
controlled iron release and restricted oxidative reactivity, potentially attenuating inflammatory 
signaling. Similarly, hydroxytyrosol, a powerful antioxidant generated from olive polyphenols, is 
known, a potent antioxidant derived from olive polyphenols, is known for its immunomodulatory 
properties and ability to reduce pro-inflammatory cytokine levels, including IFN-γ [26]. 

 

 Figure (4): Erythropoietin level in serum rats                    
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Figure (5): Concentration of IL-10 in serum male rats 

 

Figure (6): Concentration of IL-12 in serum male rats 

 

Figure (7): Concentration of TNF-α in serum rats                                                                     

0.0

10.0

20.0

30.0

40.0

50.0

1 2 3 4 5 6

Mean 42.1 34.9 38.0 35.1 36.7 37.3

a

c
b

bc bc bc

p
g/
m
l

Concentration of IL-10 in serum 

Con   PHZ    FeNPs   Fecl3   Feroglobin      HXT

1 2 3 4 5 6

300.0

320.0

340.0

360.0

380.0

400.0

420.0

1 2 3 4 5 6

Mean 385.0 411.4 350.0 409.0 367.0 365.9

b

a

c

a

b b

n
g/
L

TNF-α level in serum

Con    PHZ    FeNPs      Fecl3      Feroglobin  HXT    

1 2 3 4 5 6

0.0

50.0

100.0

150.0

200.0

250.0

1 2 3 4 5 6

Mean 185.4 246.2 204.6 231.5 236.7 224.9

d

a

c
ab ab bc

P
g/

m
l

Concentration of IL-12 in serum 

Con   PHZ   FeNPs  Fecl3   Feroglobin    HXT

1 2 3 4 5 6



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 18s, 2025 
https://theaspd.com/index.php 

648 
 

 

Figure (8): Concentration of IFN-γ in serum male rats. 
 

4. CONCLUSION                                                                                                                                        

Hydroxytyrosol-mediated iron nanoparticles demonstrated superior efficacy in correcting hemolytic 
anemia and modulating immune responses compared to conventional treatments. Their dual 
action restoring erythropoiesis and reducing inflammation positions, FeNPs-HXT as a promising 
therapeutic strategy for anemia-related disorders.                 

                                                                                                                  
REFERENCES                                                                                                                                                                        

 [1] Brittenham, G. M., Moir-Meyer, G., Abuga, K. M., Datta-Mitra, A., Cerami, C., Green, R., ... & Atkinson, S. H. (2023). 
Biology of anemia: a public health perspective. The Journal of Nutrition, 153, S7-S28.                                           [2] Liu, 
Y., Ren, W., Wang, S., Xiang, M., Zhang, S., & Zhang, F. (2024). Global burden of anemia and cause among children 
under five years 1990–2019: findings from the global burden of disease study 2019. Frontiers in Nutrition, 11, 1474664                                                                                                                                                                                        
[3] Riaz, M., Khan, R. A., & Ahmed, A. (2021). Evaluation of phenylhydrazine-induced oxidative stress and anemia in 
animal models and its amelioration by plant extracts. Journal of Ethnopharmacology, 268, 113583. 
https://doi.org/10.1016/j.jep.2020.113583                                                                                                                                [4] 
Zhou, Y., Yu, M., Tang, Y., Li, Z., & Luo, J. (2023). Recent advances in iron oxide nanoparticles for biomedical applications. 
Materials Today Bio, 20, 100568. https://doi.org/10.1016/j.mtbio.2023.100568                                               [5] Zhang 
X, Hao J, Guo F. (2019). Hydroxytyrosol in olive oil: A critical review of its effects on oxidative stress and inflammation. 
Nutrients, 11(7), 1557.                                                                                                                                       [6] H.R. 
Rahman, H.B. Abdulrahman, R.B. Abdulrahman. (2024). Characterization of the green fabrication of silver nanoparticles 
by orange peel extract and their impact on the degradation of halocarbon chemical compounds, Baghdad Sci. J. doi: 
10.21123/bsj.2024.9346.  
 [7] Al-Obaidy, H.M.A., Rahim, S.M., and Al-Khesraji, T.O. (2019). Antioxidant and hyperlipidemia effect of Ganoderma 
lucidum fungus alcoholic extract in male albino rats using Triton WR 1339. Kirkuk Journal of Science, 14(2).                                                                                                                                                   
 [8] Ahmed, Q.A., Abdullah, S.I., and Taher, H.M. (2023). Effects of the alcoholic extract of ginseng roots and carob fruits 
in comparison with vitamin E in improving the efficiency of the male reproductive system of albino rabbits. Caspian Journal 
of Environmental Sciences, 21(4), 815–826. DOI: https://doi.org/10.51248/.v43i3.2821. 
 [9] Abdelfatah, A. M., Fawzy, M., Eltaweil, A. S., & El-Khouly, M. E. (2021). Green synthesis of nano-zero-valent iron using 
ricinus communis seeds extract: characterization and application in the treatment of methylene blue-polluted water. ACS 
omega, 6(39), 25397-25411                                                                                                                                                                            [10] 
Mitra, S., & Kaparaju, P. (2024). Feasibility of Food Organics and Garden Organics as a Promising Source of Biomethane: 
A Review on Process Optimisation and Impact of Nanomaterials. Energies, 17(16), 4198.                                                                                                               
[11] Rashtbari, Y., Sher, F., Afshin, S., Hamzezadeh, A., Ahmadi, S., Azhar, O., ... & Poureshgh, Y. (2022). Green synthesis 
of zero-valent iron nanoparticles and loading effect on activated carbon for furfural adsorption. Chemosphere, 287,132114.                                                                                                                                                                                  
[12] Nasrollahzadeh, M., et al. (2022). Plant-mediated green synthesis of nanomaterials: Mechanisms, characterization, and 
applications. Green Chemistry, 24(2), 566–598.                                                                                                                   [13] 
Hosseini, A. R., Zahabi, N., Pazhouhandeh, F., & Sharif, F. (2023). Development and characterization of an active 
biodegradable Tara gum film incorporated with Lavandula angustifolia essential oil. https://doi.org/10.1002/jsfa.4374. 
[14] Yadav, A. K., Vashisth, P., & Chauhan, N. (2021). Iron oxide nanoparticles as novel therapeutic agents for anemia: 
current status and future perspectives. Biomedicine & Pharmacotherapy, 139, 111600. 
https://doi.org/10.1016/j.biopha.2021.111600.  

140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0

1 2 3 4 5 6

Mean 151.9 171.9 155.8 165.5 160.2 158.0

b

a

b

b

b
b

p
g/
m
l

Concentration of IFN-γ in serum 

Con    PHZ    FeNPs       Fecl3       Feroglobin    HXT

1 2 3 4 5 6

https://doi.org/10.1016/j.mtbio.2023.100568
https://doi.org/10.1002/jsfa.4374


International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 18s, 2025 
https://theaspd.com/index.php 

649 
 

[15] Namik, M.F., Al-Janaby, M.S., and Abbas, S.K. (2019). A study of changes in the lipid profile, malondialdehyde and 
superoxide dismutase in normal pregnancy. Kirkuk Journal of Science, 14(1). 
[16] Martínez-Peñalver, D., Sánchez-Fidalgo, S., & Alarcón-de-la-Lastra, C. (2021). Hydroxytyrosol: current knowledge and 
future perspectives in its therapeutic potential in hematological disorders. Antioxidants, 10(8), 1226. 
https://doi.org/10.3390/antiox10081226. 
[17] Haddad, J. J., & Fahlman, C. S. (2002). Redox-and oxidant-mediated regulation of interleukin-10: an anti-
inflammatory, antioxidant cytokine?. Biochemical and Biophysical Research Communications, 297(2), 163-176.  
[18] Ahmed Q, Rahim S, Hameed A. (2022). The Effect of Hydroxytyrosol (HXT) and Local Olive Oil (LOO) on Oxidative 
Stress and Histopathological Changes in the Liver Resulting from Induced Hyperlipidaemia in Male Rats. International J 
of Medical Sciences. 5(1), 43–54. https://isnra.net/index.php/ijms/article/view/165 
[19] Zhang, Y., et al. (2023). The Association between Iron Deficiency and Renal Outcomes Is Independent of Anemia 
Status in Patients with Chronic Kidney Disease. Journal of the American Society of Nephrology, 34(2), 251-263. 
https://doi.org/10.1681/ASN.2022101384.  
[20] Mulens-Arias, V., Rojas, J. M., & Barber, D. F. (2021). The use of iron oxide nanoparticles to reprogram macrophage 
responses and the immunological tumor microenvironment. Frontiers in immunology, 12, 693709. 
[21] Behl, T., Upadhyay, T., Singh, S., Chigurupati, S., Alsubayiel, A. M., Mani, V., ... & Bungau, S. G. (2021). Polyphenols 
targeting MAPK mediated oxidative stress and inflammation in rheumatoid arthritis. Molecules, 26(21), 6570. 
[22] Kumar, A., Singh, B., Paul, K., Bakshi, P., Bajaj, P., Kumar, M., ... & Dutta, R. (2024). Hydroxytyrosol in cancer 
research: recent and historical insights on discoveries and mechanisms of action. Future Journal of Pharmaceutical Sciences, 
10(1), 129.  
 [23] Kak, G., Raza, M., & Tiwari, B. K. (2018). Interferon-gamma (IFN-γ): Exploring its implications in infectious diseases. 
Biomolecular concepts, 9(1), 64-79.  
[24] Yoshino, K., Nakayama, T., Ito, A., Sato, E., & Kitano, S. (2019). Severe colitis after PD-1 blockade with nivolumab in 
advanced melanoma patients: potential role of Th1-dominant immune response in immune-related adverse events: two case 
reports. BMC cancer, 19, 1-7.   
 [25] Bi, J., Mo, C., Li, S., Huang, M., Lin, Y., Yuan, P., ... & Xu, S. (2023). Immunotoxicity of metal and metal oxide 
nanoparticles: From toxic mechanisms to metabolism and outcomes. Biomaterials science, 11(12), 4151-4183. 
[26] Fentoğlu, Ö., Köroğlu, B. K., Hiçyılmaz, H., Sert, T., Özdem, M., Sütçü, R., ... & Kırzıoğlu, F. Y. (2011). Pro‐
inflammatory cytokine levels in association between periodontal disease and hyperlipidaemia. Journal of clinical 
periodontology, 38(1), 8-16. 

 

 

 
 
 
 
 

 

 

 

 

https://doi.org/10.1681/ASN.2022101384

