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Abstract
Objective

Anemia is a multifactorial biological, nutritional, and socio-environmental health problem
characterized by a deficiency of red blood cells or hemoglobin, which are responsible for oxygen
transport throughout the body's tissues. This deficiency results in symptoms such as fatigue and
general weakness. Honey, a natural sweetener produced by bees from flower nectar, has been
used since ancient times for its medicinal properties due to its rich content of vitamins and
minerals. The present study aimed to evaluate the role of honey in mitigating anemia-induced
damage in male rats.

Materials and Methods

Anemia was induced in rats using phenylhydrazine, obtained from a pharmacy in Baghdad, at a
dose of 40 mg/kg body weight. The drug was administered via intraperitoneal injection at a
volume of 1 mL. A total of 30 adult male rats were randomly assigned to three groups (n=10 per
group). Erythrocyte count, hemoglobin concentration, and packed cell volume were measured.
Additionally, malondialdehyde (MDA), serum glutathione (GSH), and catalase (CAT) levels
were assessed. Serum ferritin and hepcidin concentrations were estimated using an ELISA Kit.
Statistical analyses were conducted using SPSS software.

Results

The results indicated a significant decrease in red blood cell count (RBC), hemoglobin (Hb), and
packed cell volume (PCV) in the anemia-induced group (T1), whereas these parameters increased

in the honey-treated group (T2). Furthermore, serum ferritin, hepcidin, and iron levels were
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significantly reduced in the T1 group, measuring 45.3 ng/mL, 18.7 pg/mL, and 32.6 mg/L,
respectively. In contrast, these values significantly increased in the T2 group, reaching 85.7
ng/mL, 35.4 pg/mL, and 72.3 mg/L, respectively. Thyroid-stimulating hormone (TSH) levels
were significantly elevated in the T1 group (1.43 ng/mL), while triiodothyronine (T3) and
thyroxine (T4) levels were reduced (0.68 ng/mL and 3.42 ng/mL, respectively). In the T2 group,
TSH decreased to 0.85 ng/mL, while T3 and T4 increased to 1.06 ng/mL and 5.49 ng/mL,
respectively. Moreover, MDA levels increased in the T1 group (8.76 pmol/L) and decreased in
the T2 group (4.62 umol/L), while GSH and CAT levels decreased in the T1 group (8.3 umol/L
and 18.3 pumol/L, respectively) but increased in the T2 group (18.5 umol/L and 34.7 umol/L,
respectively). Statistically, significant differences were observed between the T1 and T2 groups
compared to the control group (p<0.05).

Conclusions

This study demonstrates that honey supplementation plays a beneficial role in mitigating anemia-
induced damage in male rats. Rats treated with honey exhibited significant improvements in red
blood cell count, hemoglobin concentration, and packed cell volume compared to the anemia-
induced group. Additionally, honey supplementation increased ferritin, hepcidin, and iron levels,
modulated thyroid hormone levels, reduced oxidative stress markers (MDA), and enhanced
antioxidant defense mechanisms (GSH and catalase). These findings suggest that honey may have
potential therapeutic effects in alleviating anemia and its associated biochemical alterations.
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Introduction

Anemia is a significant public health concern, influenced by a complex interplay of
nutritional, biological, and mechanical factors, as well as various physical, economic, social,
behavioral, demographic, and environmental determinants of health (Raiten et al. 2023).
Clinically, anemia is defined as a hemoglobin concentration lower than the normal range for a
given age, sex, physiological status, and altitude or as an absolute reduction in the number of red
blood cells, leading to inadequate oxygen delivery to tissues and impaired physiological function
(WHO 2011).

Anemia can be classified based on either the underlying physiological process responsible
for red blood cell deficiency or the physical characteristics of red blood cells, including size, color,
and shape. From a physiological perspective, anemia arises from three primary mechanisms:
blood loss, increased red blood cell destruction, and impaired red blood cell production. Blood
loss may be associated with either acute or chronic diseases, whereas increased red blood cell
destruction (hemolytic anemia) can result from internal or external factors. Internal factors include
inherited genetic disorders such as sickle cell anemia and thalassemia, while external factors
encompass immune-mediated reactions, such as hemolysis due to blood transfusion
incompatibility. Additionally, mechanical forces can contribute to red blood cell destruction
(York 2017). Honey is a natural product widely recognized for its medicinal properties. It contains
approximately 200 bioactive substances, with fructose and glucose as its primary components.
Honey also contains fructooligosaccharides, amino acids, vitamins, minerals, and enzymes, with
its composition varying depending on the floral source. Most natural honeys contain flavonoids
(e.g., apigenin, pinocembrin, kaempferol, quercetin, galangin, chrysin, and hesperetin), phenolic
acids (e.g., ellagic acid, caffeic acid, p-coumaric acid, and ferulic acid), ascorbic acid,
tocopherols, catalase (CAT), superoxide dismutase (SOD), reduced glutathione (GSH), Maillard
reaction products, and peptides (Bahador et al. 2016). These compounds interact synergistically
to enhance honey's antioxidant properties. Phytobiotics and medicinal plants, which are used as
natural antimicrobial growth promoters in place of antibiotics, have been shown to offer numerous
benefits, including improved efficiency parameters, suppression of specific diseases
(Amirteymoori et al. 2021; Mohammadabadi et al. 2023), antimicrobial and antioxidant activities
(Hajalizadeh et al. 2019; Jafari Ahmadabadi et al. 2023), hypocholesterolemic effects, enhanced
digestive enzyme activity, and improved liver function (Safaei et al. 2022; Shokri et al. 2023;
Mohammadabadi et al. 2024). Studies have demonstrated that dietary supplementation with these
plants enhances feed efficiency (Vahabzadeh et al. 2020; Shokri et al. 2023). Since honey is
derived from nectar collected from various medicinal plants, it retains many of their beneficial

properties. Nutritional deficiencies are a major cause of anemia; therefore, adequate intake of
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essential vitamins and minerals, along with proper supplementation, plays a crucial role in
prevention and treatment. Nutrients essential for anemia management include iron, folic acid,
vitamin B12, vitamin B6, vitamin C, and protein. Honey has been identified as a natural source
of these nutrients (Kiasari et al. 2020; Widowati 2023). It contains vitamins A, C, E, B12, beta-
carotene, flavonoids, and iron, all of which contribute to hemoglobin synthesis and reduce
oxidative stress. Additionally, honey enhances iron absorption due to its vitamin content. Other
essential components of honey, including calcium, phosphorus, potassium, sodium, and enzymes,
support various physiological functions. As a readily absorbable and nutrient-rich substance,
honey has been associated with numerous health benefits, such as blood pressure regulation,
enhanced energy levels, cardiovascular and muscular health, and disease prevention.
Traditionally, honey has also been used to alleviate cough, abdominal pain, and digestive issues
and to strengthen bones, teeth, and the nervous system (Asrida et al. 2022).

Emerging research suggests that honey may play a role in improving anemia. One study
investigated the effects of daily honey consumption (1.2 g/kg body weight) in humans and found
that honey supplementation increased serum iron levels, enhanced antioxidant activity, and
improved hematological indices. Additionally, the study observed reductions in certain liver and
muscle enzymes as well as fasting blood sugar levels (Al-Waili et al. 2006). Animal studies
further support the potential role of honey in anemia management. In an experiment involving
albino rats, those fed raw whole milk supplemented with 20% honey exhibited elevated
hemoglobin levels compared to controls receiving milk with 16% sucrose. Notably, dark honey
was more effective in maintaining hemoglobin levels than light honey, which resulted in a
significant decline of approximately 30% from baseline. The hemoglobin levels in sucrose-fed
controls also progressively decreased. These findings suggest that dark honey may be beneficial
for the prevention and treatment of nutritional anemia, whereas light honey appears to be less
effective as a hematopoietic agent (Haydak et al. 1942).

Anemia is a prevalent health issue during pregnancy, often characterized by low hemoglobin
levels. Research has examined the potential of honey to improve maternal hemoglobin status. In
one study, honey administration during the second trimester resulted in increased hemoglobin
levels, suggesting that honey consumption may support maternal hematological health (Sianturi
et al. 2022). Further supporting this, Hotima et al. (2022) identified anemia as a global health
concern, particularly among pregnant women. Their study examined the effects of Acacia
crassicarpa honey, which is rich in iron, on pregnant women diagnosed with anemia in the third
trimester. Participants consumed honey for 15 days, leading to an increase in average hemoglobin

levels from 9.4 g/dL to 12.6 g/dL. Based on these findings, the authors concluded that honey, due
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to its rich vitamin and mineral composition, particularly its iron content, may effectively elevate
hemoglobin levels in pregnant women. Given the growing body of evidence supporting honey's
nutritional and medicinal properties, this study aimed to evaluate the effects of honey
administration on hematological and biochemical parameters in an experimentally induced

anemia model in rats.

Materials And methods

Chemicals: Phenylhydrazine (PHZ), used to induce anemia in rats, was obtained from a
pharmacy in Baghdad. A dose of 40 mg/kg body weight was administered via intraperitoneal
(I.P.) injection of 1 mL per animal (Diallo et al. 2008). Buckthorn honey was sourced from an
apiary in Samawah, with a dosage of 500 mg/kg body weight (Abd Ali & Ismail 2012). The honey
was dissolved in distilled water, and each animal received 1 mL orally per day using a specialized
syringe with a hooked end.

Experimental Animals: This study was conducted in the animal house of the Faculty of
Science, Al-Qadisiyah University, Irag, from October 1, 2024, to December 1, 2024. A total of
30 male albino rats (200-270 g, 3-4 months old) were housed in plastic cages equipped with 500
mL water bottles. The cages contained sawdust bedding, which was replaced and disinfected
every three days. The animals were maintained at a temperature of 23-27°C under a 12-hour
light/dark cycle. Before the experiment, they were acclimatized for one week.

Experimental Design: The rats were randomly assigned to three groups (n = 10 per group):

e Group I (Control, C): Received 0.9% saline solution and served as the control group.

e Group Il (T1): Anemia was induced by PHZ injection at 40 mg/kg body weight for two
consecutive days.

e Group Il (T2): Anemic rats (PHZ-induced) received honey treatment for 30 days.
The scientific dose per kg body weight was calculated as follows:
Scientific dose/kg body weight = required dose/animal weight.

Chemical Composition of Honey: Key components of the honey used in this study were:
Iron (26.15 ppm), Magnesium (19.04 ppm), Calcium (169.02 ppm), Potassium (247.14 ppm),
Zinc (1.27 ppm), Vitamin C (251 mg/100 g), and Gallic acid (21.45 mg/qg).

Sample Collection: After 30 days, the animals were sacrificed. Anesthesia was induced using a
combination of ketamine (0.3 mL/kg) and xylazine (1.0 mL/kg) via I.P. injection. Blood samples
were collected via cardiac puncture and divided into two portions:

1. One portion was placed in tubes containing an anticoagulant for hematological analysis.
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2. The other portion was placed in anticoagulant-free tubes, inclined, and centrifuged at
3000 rpm for 15 minutes to obtain serum. The serum samples were stored at -20°C until
biochemical, antioxidant, and hormonal analyses were performed.

Measured Parameters-Hematological Parameters: Erythrocyte count, hemoglobin
concentration, and packed cell volume were assessed using an automated hematology analyzer
(GENEX), following the manufacturer’s instructions.

Iron Parameters: Serum ferritin and hepcidin concentrations were measured using an
ELISA kit (BioSystem, USA). Serum iron concentration was determined spectrophotometrically
using BioSystem's kit, based on the reaction of ferrous ions with bipyridine, forming pink
complexes, with absorbance measured at 520 nm.

Hormonal Parameters: Thyroid hormones (T3, T4, and TSH) were quantified using an
Enzyme-Linked Immunosorbent Assay (ELISA) based on the method of Wisdom (1976), with
absorbance recorded at 450 nm. Kits were obtained from Biocheck, Inc.

Antioxidant Parameters:

o Malondialdehyde (MDA): Serum MDA levels were determined following the method of
Guidet & Shah (1989). Lipid peroxidation was assessed by measuring the reaction of MDA
with thiobarbituric acid (TBA) in an acidic medium, producing a colored product with
absorbance measured at 532 nm.

o Glutathione (GSH): Serum GSH levels were estimated using Ellman’s reagent, following the
modified method of James et al. (1982). The reaction of Ellman’s reagent with GSH forms
a colored product, measured at 412 nm.

o Catalase (CAT): Serum catalase activity was determined using the method described by
Mueller et al. (1997), based on the decomposition of hydrogen peroxide (H202) into water
and oxygen, with absorbance reduction used to quantify activity.

Statistical Analysis: Data were analyzed using SPSS software (Version 25.0, IBM 2017). One-
way ANOVA and the Least Significant Difference (LSD) test were used to compare groups, with

statistical significance set at p < 0.05.

Results

Blood Parameters: The results of the present study (Table 1) indicate a significant decrease
in red blood cell (RBC) count, hemoglobin (Hb) levels, and packed cell volume (PCV%) in the
anemia-induced T1 group compared to the control group. However, these parameters showed a

significant increase in the T2 group compared to the T1 group. Moreover, a statistically significant
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difference was observed between the T1 and T2 groups when compared to the control group (p <

0.05).
Table 1. Effect of honey on blood parameters in male albino rats with PHZ-induced anemia
Groups RBC (10%2/L) Hemoglobin (g/L) PCV (%)
Group C 7.24+0.052 13.7+0.23°2 41.82+0.09°
Group T1 4.10+0.08¢ 7.7+0.07°¢ 27.4+0.13°
Group T2 5.76+0.05" 11.38+0.06° 36.42+0.11°
LSD 0.512 0.352 0.895

Iron Parameters: The results presented in Table 2 indicate a significant decrease in ferritin,
hepcidin, and iron levels in the T1 group, where anemia was induced. The observed values were
45.3 ng/mL, 18.7 pg/mL, and 32.6 mg/L, respectively, compared to the control group. However,
in the T2 group, these parameters increased to 85.7 ng/mL, 35.4 pg/mL, and 72.3 mg/L,
respectively, showing a significant improvement relative to the T1 group. Furthermore,
significant differences were observed between the T1 and T2 groups when compared to the

control group (p < 0.05).

Table 2. Effect of honey on ferritin, hepcidin, and iron levels in male albino rats with PHZ-

induced anemia

Ferritin ng/mL Hepcidin pg/mL Meansz Iron mg/L
Groups
Means+ SE SE Means+ SE
Group C 125.6+10.22 42.6+0.452 95.4+8.22
Group T1 453+75° 18.7+0.12°¢ 32.645.7°¢
Group T2 85.748.9° 35.4+0.17° 72.3+6.5°
LSD 4.251 2.014 3.562

Hormonal Parameters: The results presented in Table 3 indicate a significant increase in
TSH levels and a decrease in T3 and T4 levels in the T1 group, where anemia was induced.
Specifically, TSH, T3, and T4 levels were recorded as 1.43 ng/mL, 0.68 ng/mL, and 3.42 ng/mL,
respectively, compared to the control group. In contrast, the T2 group exhibited a decrease in TSH
levels (0.85 ng/mL) and an increase in T3 (1.06 ng/mL) and T4 (5.49 ng/mL) levels relative to
the T1 group. Furthermore, the results demonstrated significant differences between the T1 and

T2 groups compared to the control group (p < 0.05).

237

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



o S,

Agricultural Biotechnology Journal, 2025 17(1)

Table 3. Effect of honey on T3, T4, and TSH levels in male albino rats with PHZ-induced

anemia

T3 ng/mL T4 ng/mL TSH ng/mL
Groups

Meanst SE Meanst SE Meanst SE
Group C 1.45+0.122 6.87+0.452 0.65+0.08°¢
Group T1 0.68+0.09°¢ 3.42+0.32°¢ 1.43+0.15°
Group T2 1.06+0.11° 5.49+0.38" 0.85+0.11°

LSD 0.0551 0.324 0.0145

o

Antioxidant Parameters: The results presented in Table 4 indicate a significant increase in
malondialdehyde (MDA\) levels and a decrease in glutathione (GSH) and catalase (CAT) activity
in the T1 group, where anemia was induced. Specifically, MDA, GSH, and CAT levels inthe T1
group were 8.76 pmol/L, 8.3 pmol/L, and 18.3 umol/L, respectively, compared to the control
group. However, in the T2 group, MDA levels significantly decreased to 4.62 umol/L, while GSH
and CAT levels increased to 18.5 umol/L and 34.7 pmol/L, respectively, when compared to the
T1 group. Additionally, significant differences (p<0.05) were observed between the T1 and T2
groups in comparison to the control group.

Table 4. Effect of honey on MDA, GSH, and catalase levels in male albino rats with PHZ-

induced anemia

Groups MDA pmol/L GSH (pmol/L) Catalase pmol/L
Meanst SE Means+ SE Means* SE
Group C 2.45%0.22°¢ 24.6x2.1% 42.6+£3.52
Group T1 8.76+0.672 8.3+0.7°¢ 18.3+1.6¢
Group T2 4.62+0.41° 18.5+1.6° 34.742.9"
LSD 0.754 1.478 1.044
Discussion

The results indicate that rats in the T1 group, treated with phenylhydrazine (PHZ) to induce
anemia, exhibited decreased blood parameters, antioxidant levels, and thyroid hormones (Tables
1, 2, 3, and 4). PHZ is commonly used to induce anemia and oxidative stress in experimental
animal models (Lee et al. 2014; Onyeabo et al. 2017). It causes hemolysis by oxidizing
hemoglobin, leading to the formation of unstable intermediates such as methemoglobin, a form
of hemoglobin incapable of binding oxygen. Consequently, this reduces the oxygen-carrying
capacity of red blood cells (Shukla et al. 2012). Furthermore, the degradation of these unstable
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intermediates generates reactive oxygen species (ROS), which cause oxidative damage to red
blood cells and their membranes, ultimately leading to hemolysis. These free radicals initiate an
oxidation-reduction cycle, reacting with oxygen to form superoxide anions, hydrogen peroxide,
and other ROS (Adwas et al. 2019). Such reactive oxygen species can damage cellular
macromolecules, including lipids, proteins, and DNA, leading to cellular dysfunction and
destruction (Chinko et al. 2023). PHZ-induced oxidative stress also depletes endogenous
antioxidant enzymes responsible for ROS neutralization (Banerjee et al. 2020).

A study by Unami et al. (1996) demonstrated that subchronic PHZ exposure (10 mg/kg per
day for 8 days) induces severe hemolytic anemia, characterized by a significant decrease in
erythrocyte count, hemoglobin levels, and packed cell volume (PCV). Phenylhydrazine-induced
hemolysis leads to iron deficiency, thereby increasing the demand for erythropoietic iron. This
process is expected to suppress hepcidin expression in the liver and enhance ferroportin
expression, promoting intestinal iron absorption and iron recycling within the reticuloendothelial
(RE) system (Latunde-Dada et al. 2004). Another study suggested that PHZ-induced anemia
results from oxidative lipid damage in erythrocyte membranes, possibly due to the self-oxidation
of the drug and the interaction of oxygen free radicals with membrane lipids (Jain &
Subrahmanyam 1978).

PHZ has been shown to generate superoxide anions and hydrogen peroxide, leading to lipid
oxidation and Heinz body formation (Shukla et al. 2012). Its toxicity is primarily linked to
oxidative stress within erythrocytes (Kinuta et al. 1995). Since PHZ elevates hydrogen peroxide
levels beyond the detoxification capacity of glutathione and catalase, it exacerbates oxidative
stress, particularly in individuals with genetic deficiencies or aging-related reductions in glucose-
6-phosphate dehydrogenase activity (Hochstein 1971). PHZ-induced oxidative stress may also
impair thyroid function by inhibiting deiodinase secretion, suppressing T3 receptor activity, and
degrading thyroxine-binding globulin (TBG) (Simpson 2009). Bhimte et al. (2012) suggested that
reduced thyroid activity correlates with increased oxidative stress and decreased antioxidant
levels, which negatively impacts mitochondrial function and cellular metabolism, thereby
reducing thyroid hormone levels. The results further showed that anemia-induced reductions in
blood indices and iron levels in the T1 group were reversed upon honey supplementation (T2
group) (Tables 1 and 2). This effect may be attributed to honey’s iron, copper, zinc, and
magnesium content. Iron is essential for hemoglobin synthesis, as it binds to protoporphyrin to
form heme, a crucial component of erythrocytes (Al-Waili et al. 2006; Singh & Singh 2018).
Additionally, zinc, a component of honey, enhances vitamin activity involved in red blood cell
formation. Zinc also promotes hemoglobin and erythropoietin synthesis, thereby improving

erythropoiesis and protecting erythrocytes from oxidative degradation (Chen et al. 2018).
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The improved hematological parameters and increased antioxidant levels in the T2 group
may also be attributed to magnesium, another essential mineral found in honey. Magnesium
enhances erythropoiesis, increases reticulocyte formation, reduces oxidative stress, and
strengthens immune function. Furthermore, magnesium activates vitamin D, which is essential
for erythropoietic progenitor cell proliferation and stabilizes cellular function by maintaining
antioxidant defenses and erythrocyte membrane integrity (Son et al. 2007). Honey’s ability to
donate electrons to ROS stabilizes red blood cell membranes, preventing oxidative damage. The
observed increase in white blood cell (WBC) count in the T2 group suggests that honey promotes
immune function, as it is a rich source of iron, zinc, and vitamin C, all of which are essential for
WBC production and immune cell function (Chinko & Umeh 2023). The present findings align
with studies demonstrating that oral honey administration significantly enhances PCV,
hemoglobin, RBC, WBC, and neutrophil counts in experimental groups compared to untreated
controls. These effects appear to be dose-dependent, as honey ingestion before PHZ exposure
likely enhances hematopoiesis due to its mineral and vitamin content (James et al. 2009).

The results also indicated increased thyroid hormone levels (T3, T4, and TSH) in the T2
group (Table 3). This observation aligns with Al-Samarraie and Hommadi (2021), who reported
that honey supplementation increased thyroid hormone levels by up to 75%, particularly after
three weeks of administration. Since hypothyroidism is associated with iron deficiency anemia,
iron supplementation can restore hormonal balance (Gokdeniz et al. 2010). Iron plays a crucial
role in thyroid function by supporting the activity of thyroid peroxidase (TPO), an iron-containing
enzyme that catalyzes the initial steps of thyroid hormone synthesis (Zimmermann 2006). Iron
deficiency reduces TPO efficacy, impairing thyroid hormone synthesis (Gokdeniz et al. 2010).
Studies in humans confirm that individuals with iron deficiency anemia have lower T3 and T4
levels, which normalize upon iron supplementation (Eftekhari et al. 2006). Therefore, honey’s
iron and mineral content may contribute to the observed improvement in thyroid function. The
mechanisms underlying honey’s effects on thyroid function include stimulation of the
hypothalamic-pituitary-thyroid (HPT) axis, antioxidant and anti-inflammatory properties,
enhancement of deiodinase activity, modulation of gut microbiota, and reduction of stress-
induced cortisol levels, all of which collectively support thyroid hormone production and
metabolism. The study further demonstrated that honey supplementation enhanced antioxidant
capacity (Table 4), consistent with findings that honey reduces malondialdehyde (MDA) levels
while increasing superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) levels in
experimental groups (Peldez-Acero et al. 2022). Oxidative stress occurs when ROS production

surpasses antioxidant defense capacity, leading to lipid peroxidation and cellular damage. PHZ
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stimulates excessive ROS generation, disrupting oxidative balance and causing tissue injury.
Elevated MDA levels in PHZ-exposed animals indicate oxidative damage, whereas honey’s
antioxidant properties mitigate this effect. Increased antioxidant enzyme activity in the T2 group
supports honey’s protective role against PHZ-induced oxidative stress, likely due to its flavonoid
content, which stabilizes red blood cell membranes and neutralizes extracellular oxidants (Fiorani
et al. 2006). Several studies have emphasized honey’s effectiveness in counteracting chemical-
induced oxidative stress, including that caused by cadmium, gentamycin, and acetaminophen
(Laaroussi et al. 2021; Mahesh et al. 2009; Ruslee et al. 2020).

Conclusion: This study concludes that honey supplementation in the T2 group improved
hematological parameters (RBC, Hb, MCV, MCH, MCHC, PCV, and platelet count), iron status
(ferritin, hepcidin, and iron levels), thyroid hormone levels (T3, T4, and TSH), and antioxidant
capacity (MDA, GSH, and catalase) compared to the anemic T1 group. These findings suggest
that honey has potential therapeutic benefits in mitigating anemia-induced damage, enhancing
hematopoiesis, modulating thyroid function, and reducing oxidative stress, making it a promising
natural intervention against anemia and associated metabolic disturbances.

Acknowledgement: The authors thank all reviewers for their valuable comments in
improving the quality of the article.

Conflict of Interest: There is no conflict of Interest.

References

Abd Ali AR, Ismail SH (2012) The protective effect of honey against amikacin-induced
nephrotoxicity in rats. Irag J Pharm Sci 21(2), 85-93.

Adwas AA, Elsayed A, Azab AE, Quwaydir FA (2019) Oxidative stress and antioxidant
mechanisms in the human body. J Appl Biotechnol Bioeng 6(1), 43-47.

Al-Samarraie M, Hommadi Q (2021) Effect of three concentrations of honey in thyroid gland
hormones in female white rats. Biochem Cell Arch 21(2), 4227-4230.

Al-Waili NS, Al-Waili TN, Al-Waili AN, Saloom KS (2006) Influence of natural honey on
biochemical and hematological variables in AIDS: a case study. Sci World J 6(1), 1985-
1989.

Asrida A, Astuti A, Leli L, Saad R (2022) Effect of honey on hemoglobin levels and 8-hydroxy-
2-deoxyguanosine (8-OHdG) in pregnant women with anemia. J Asian Multicult Res Med
Health Sci Study 3(3), 25-31.

Bahador Y, Mohammadabadi MR, Khezri A, et al. (2016) Study of genetic diversity in honey bee
populations in Kerman Province using ISSR markers. Res Anim Prod 7(13), 186-192.

Banerjee A, Dey T, Ghosh AK, et al. (2020) Insights into the ameliorative effect of oleic acid in
rejuvenating phenylhydrazine-induced oxidative stress-mediated morpho-functionally
dismantled erythrocytes. Toxicol Rep 7, 1551-1563.

241

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



o S,

Agricultural Biotechnology Journal, 2025 17(1)

o

Bhimte B, Agrawal B, Sharma V, Chauhan SS (2012) Oxidative stress status in hypothyroid
patients. Biomed Res 23(2), 286-288.

Chen YH, Feng HL, Jeng SS (2018) Zinc supplementation stimulates red blood cell formation in
rats. Int J Mol Sci 19(9), 2824.

Chinko BC, Pughikumo DT, Obia O, et al. (2023) Honey attenuates phenylhydrazine-induced
hematotoxicity and oxidative stress in male Wistar rats. Int Blood Res Rev 14(3), 10-18.

Chinko BC, Umeh OU (2023) Alterations in lipid profile and oxidative stress markers following
heat stress on Wistar rats: ameliorating role of vitamin C. Biomed Sci 9, 12-17.

Diallo A, Gbeassor M, Vovor A, et al. (2008) Effect of Tectona grandis on phenylhydrazine-
induced anemia in rats. Fitoterapia 79(5), 332-336.

Eftekhari M, Simondon K, Jalali M, et al. (2006) Effects of administration of iron, iodine, and
simultaneous iron-plus-iodine on the thyroid hormone profile in iron-deficient adolescent
Iranian girls. Eur J Clin Nutr 60(4), 545-552.

Erejuwa OO, Sulaiman SA, Ab Wahab MS (2012) Honey: a novel antioxidant. Molecules 17(4),
4400-4423.

Fiorani M, Accorsi A, Blasa M, et al. (2006) Flavonoids from Italian multifloral honeys reduce
the extracellular ferricyanide in human red blood cells. J Agric Food Chem 54(21), 8328-
8334.

Gokdeniz E, Demir C, Dilek | (2010) The effects of iron deficiency anemia on thyroid functions.
J Clin Exp Invest 1(3), 156-160.

Guidet B, Shah S (1989) The level of malondialdehyde after activation with H202 and CuSO4
and inhibition by deferoxamine and molsidomine in the serum of patients with acute
myocardial infarction. Natl J Chem 5(1), 139-148.

Hajalizadeh Z, Dayani O, Khezri A, et al. (2019) The effect of adding fennel (Foeniculum
vulgare) seed powder to the diet of fattening lambs on performance, carcass characteristics,
and liver enzymes. Small Rumin Res 175, 72-77.

Haydak MH, Palmer LS, Tanquary MC (1942) The role of honey in the prevention and cure of
nutritional anemia in rats. J Pediatr 21(6), 763-768.

Hochstein P (1971) Glucose-6-phosphate dehydrogenase deficiency: mechanisms of drug-
induced hemolysis. Exp Eye Res 11(3), 389-395.

Hotima R, Choirunissa R, Widowati R (2022) The effect of honey administration on hemoglobin
levels in pregnant mothers in the third trimester with anemia at Sumaja Makmur Village,
Muara Enim Regency. Int J Multi Sci 3(2), 36-44.

IBM Corp (2017) IBM SPSS Statistics for Windows, Version 25.0. IBM Corp.

Jafari Ahmadabadi SAA, Askari-Hemmat H, Mohammadabadi M, et al. (2023) The effect of
Cannabis seed on DLK1 gene expression in heart tissue of Kermani lambs. Agric
Biotechnol J 15(1), 217-234.

Jain S, Subrahmanyam D (1978) On the mechanism of phenylhydrazine-induced hemolytic
anemia. Biochem Biophys Res Commun 82(4), 1320-1324.

242

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



o S,

Hussein and Kadhem 2025

o

James O, Mesubi M, Usman L, et al. (2009) Physical characterisation of some honey samples
from North-Central Nigeria. Int J Phys Sci 4(9), 464-470.

James RC, Goodman DR, Harbison RD (1982) Hepatic glutathione and hepatotoxicity: changes
induced by selected narcotics. J Pharmacol Exp Ther 221(3), 708-714.

Kiasari SAM, Nobahar M, Ghorbani R, et al. (2020) The effect of thyme honey on anemia in
hemodialysis patients. Nurs Pract Today 7(2), 151-160.

Kinuta M, Matteson JL, Itano HA (1995) Difference in rates of the reaction of various mammalian
oxyhemoglobins with phenylhydrazine. Arch Toxicol 69, 212-214.

Laaroussi H, Bakour M, Ousaaid D, et al. (2021) Protective effect of honey and propolis against
gentamicin-induced oxidative stress and hepatorenal damages. Oxid Med Cell Longev
2021(1), 9719906.

Latunde-Dada GO, Vulpe CD, Anderson GJ, et al. (2004) Tissue-specific changes in iron
metabolism genes in mice following phenylhydrazine-induced haemolysis. Biochim
Biophys Acta 1690(2), 169-76.

Lee HW, Kim H, Ryuk JA, et al. (2014) Hemopoietic effect of extracts from constituent herbal
medicines of Samul-tang on phenylhydrazine-induced hemolytic anemia in rats. Int J Clin
Exp Pathol 7(9), 6179-6185.

Mahesh A, Shaheetha J, Thangadurai D, Muralidhara Rao D (2009) Protective effect of Indian
honey on acetaminophen-induced oxidative stress and liver toxicity in rats. Biologia 64(6),
1225-1231.

Mohammadabadi M, Babenko O, Borshch OO, et al. (2024) Measurement of the relative
expression pattern of the UCP2 gene in different tissues of the Raini Cashmere goat. Agric
Biotechnol J 16(3), 317-332.

Mohammadabadi M, Golkar A, Askari Hesni M (2023) The effect of fennel (Foeniculum vulgare)
on insulin-like growth factor 1 gene expression in the rumen tissue of Kermani sheep. Agric
Biotechnol J 15(4), 239-256.

Mueller S, Riedel HD, Stremmel W (1997) Direct evidence for catalase as the predominant
H202-removing enzyme in human erythrocytes. Blood 90(12), 4973-4978.

Onyeabo C, Achi NK, Ekeleme-Egedigwe CA, et al. (2017) Haematological and biochemical
studies on Justicia carnea leaves extract in phenylhydrazine-induced anemia in albino rats.
Acta Sci Pol Technol Aliment 16(2), 217-230.

Peldez-Acero A, Garrido-Islas DB, Campos-Montiel RG, et al. (2022) The application of
ultrasound in honey: antioxidant activity, inhibitory effect on a-amylase and a-glucosidase,
and in vitro digestibility assessment. Molecules 27(18), e5825.

Raiten DJ, Moorthy D, Hackl LS, Dary O (2023) Exploring the Anemia Ecology: A New
Approach to an Old Problem. J Nutr 153 Suppl 1(Suppl 1), S1-S6.

Ruslee SS, Zaid SSM, Bakrin IH, et al. (2020) Protective effect of Tualang honey against
cadmium-induced morphological abnormalities and oxidative stress in the ovary of rats.
BMC Complement Med Ther 20, 1-11.

243

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



o S,

Agricultural Biotechnology Journal, 2025 17(1)

o

Safaei SMH, Dadpasand M, Mohammadabadi M, et al. (2022) An Origanum majorana leaf diet
influences Myogenin gene expression, performance, and carcass characteristics in lambs.
Animals 13(1), e14.

Shahsavari M, Mohammadabadi M, Khezri A, et al. (2022) Effect of fennel (Foeniculum vulgare)
seed powder consumption on insulin-like growth factor 1 gene expression in the liver tissue
of growing lambs. Gene Express 21(2), 21-26.

Shokri S, Khezri A, Mohammadabadi M, Kheyrodin H (2023) The expression of MYH7 gene in
femur, humeral muscle, and back muscle tissues of fattening lambs of the Kermani breed.
Agric Biotechnol J 15(2), 217-236.

Shukla P, Yadav NK, Singh P, et al. (2012) Phenylhydrazine induced toxicity: a review on its
haematotoxicity. Int J Basic Appl Med Sci 2(2), 86-91.

Sianturi MIB, Sinaga E, Batubara K (2022) The effect of honey administration on hemoglobin
levels of pregnant women trimester Il. J Eduhealth 13(2), 1051-1055.

Simpson K (2009) The women's guide to thyroid health: comprehensive solutions for all your
thyroid symptoms. New Harbinger Publications.

Singh I, Singh S (2018) Honey moisture reduction and its quality. J Food Sci Technol 55, 3861-
3871.

Son EW, Lee SR, Choi HS, et al. (2007) Effects of supplementation with higher levels of
manganese and magnesium on immune function. Arch Pharm Res 30, 743-749.

Unami A, Nishina N, Terai T, et al. (1996) Effects of cisplatin on erythropoietin production in
rats. J Toxicol Sci 21(3), 157-165.

Vahabzadeh M, Chamani M, Dayani O, et al. (2020) Effect of Origanum majorana leaf (Sweet
marjoram) feeding on lamb’s growth, carcass characteristics and blood biochemical
parameters. Small Rumin Res 192, e106233.

WHO (2011) Haemoglobin concentrations for the diagnosis of anaemia and assessment of
severity. World Health Organization.

Widowati R (2023) Utilization of various honey, fruits, and vegetables to increase hemoglobin
levels in pregnant women with anemia in Indonesia. IOP Conf Ser Earth Environ Sci 1255
(2), Issue 1, 8pp.

Wisdom GB (1976) Enzyme-immunoassay. Clin Chem 22(8), 1243-1255.

York MJ (2017) Clinical pathology. In: A comprehensive guide to toxicology in nonclinical drug
development. Elsevier, pp. 325-374.

Zimmermann MB (2006) The influence of iron status on iodine utilization and thyroid function.
Annu Rev Nutr 26(1), 367-389.

244

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, : S90S (5598 i gu alxo /@@
W S dt)/ﬂf.«nlﬁh
“ YYYA=$0e 2 oSaig S bl YIYA-5Y- ile b -

.
C/”/_'v'

Ol 51 U G905 4 Wine il youe B 990 o bonion 9 (F95 Sel,b  Jams WU

Sogrsll Gy ol ghe ol oBly (bjgel Sty qwslid Canpy 09 igtus odlggiw
edu.bio.postal04@qu.edu.iq

P 3950 (laag

Wejdan.al-azawi@qu.edu.iq : Ssg S o oyl - 5lye cuwdlall ol ¢y g0l 01Kl  awlids Canmn 3 09,5

VYIN0 kgl VEYINVF Sl oad oMol Bl il gyl VEYAANY sl Gl

LXVCCY

055 308 gl 3908 L &8 sl ole wix Jaomo— eloin] (oM 5 (6] 35 ¢ Soglgn JSbe G (Sob oS 1R
Ale oo 4 jie 3908 (pl 9o pasidie Mtk oy slo Bl gy ) G5eeS] JBE] Jgiue &S (mglSgen b
@ 53950 Mg S5 el | Jue slysi) lawgi &5 Cunl (oo 08 1 ed S s D90 (soges Cind 5 (Kind
G b il ddllas .l ol o ol OT Wl pole slp 8 slalo; 5l b Suxe dlge g W peeling cpuily Lo

b el ol (slagise 13 S5 68 (oBU slacaml (il )3 Jus (iE )y

45 o 039 PRI 2 p)S e B 590 Lok 3 (Gl gyl S yjlae Jd Sl edlisl b gt o8 i yg g S0
e Ghge ¥r ggeome 1 ad e il (e Ve 53 (Blio S35 30)55 sk 5l 9ol cl b bl lasbge 5 g0 00
ladsbe w2 g gl gen il (o8 (sla JoulS dlasi i3S )5 (09,5 2 )3 hge V1) 09,5 dw > (ol yob 4 @l
25 2590 (CAT) Y61 5 (GSH) pjus 1556515 (MDA) 1501 (5 (pglle oo el 2 09Me 5 (55 031l o520
38l e 3l oslitl L (g)lol (slo o g 4328 8 290 [52V1 o 5l oalitol b pyus (ypdiung g (8 ol 25 )18

5 #lol SPSS
(PCV) o510 sladsks pz> 5 (HD) (sl san (RBC) jo)d (slaJsulS slass )l ime (il oaimo Lt gulis sl
il yogde el Gl (T2) Jus L plop covi 09,5 1o el ol & (Jb o 05 (T1) (S9365 51 (236 09,5 5

YYIZ g 5t o 3 £S5 VIV ot (o )3 S 96 YOIl T 09,5 55 o 4y s (0] 5 (pand et B ol


https://orcid.org/0009-0001-9940-9564
https://orcid.org/0000-0002-7689-6195

BN,

(VE+ € jlo ) 0,k VY 0)93) (55,515 (559 9iSTgm: alomo

s,

Ol T2 095 15 (aag JB jobo 0 plie oyl bl )3 il JialS g B job 4 &8 dal s 4 1) 3 5 e
Sy (goysh gk ey 3 )3 )5 (oo VIV 5 i) (o )3 £ 558 YOI (i (e 13 p S9L ADIY &y 5 s g Ly
O9xSen 6 ¥ gohw & Jo 3 (3 e o £ 596 VFT) 3l GlEI TL 095 )3 (g LB ysbo & (TSH) g
TSH T2 055 )5.cdly (tols () (o 2 pSbYIYY 5 1) (o 13 2S5l /PA i 4y ) (TA) (S5 5 (T3)
ke 2 S PL O g 1) oo 3 p SN F 4 g 4 TA 9 T & Jbo ol Jials o) (Lo 0 25506 /A &
8l (2l T2 09,5 53 5 (3 3 Jseg,See MVE) €8l (li8I TL 05,5 1 MDA gl ol y ogMe .l (3l 12
VY g 32 55 Jgeg,See AV i ) il (ialS TL 09,5 )5 CAT 3 GSH gl a5 Jlo o (12 ) Jge9,54e ¥/5Y)
O S ime gl (glol ylas 1l (I3l (52 50 Jseg)See YEIV 9 VAID (i 40) T2 05,8 1o Lol (2 5 3095

e Sagbse 3 S5 05 3l (B0 Gl GER )0 gahe (B Jus JoSo o5 amd o o5 adllas oyl 35 g8 Al
o8 b3S 3ae5 )3 (g JB clocdyiy (s o5 ) (ol 09,5 b duslio )3 Juus b gloyy €58 sasdge 3y 5
(2l g g (st b s Sl el Jus JoSo ccnl r ogde sl LS oS0 sla gl o2 g gl gen clale
GSH) st (51 (2185 clopusilSo (ial33l 5 (MDA) glias o sl o SLss (il i yed (y90y90 s i
lhasdon Oy g S oS GEalS ) gl Sloy Sl sl (e Jue &5 amd e i il oyl 5 (YUK

Al aslh ol b by e

e Ghge (53 o5 s (lesdan 9 S5 byl )l 1 glS (sWrojlg

singi e £
Mo olyeo slabge olhondon g So5 syioll p Juws y5b (VFF) dgpt0 hizg polS (oou (o cpwe 13LSw]

NEEYYN (O ipolisS c7olsiSGan dlo )] 5l (50 G950 &

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

246

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



