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ABSTRACT 

             Anabolic androgens are used under medical supervision in treating 

certain diseases. Athletes up-use them to increase strength and endurance due 

to their lean body and muscle-building activities but this is prohibited to 

prevent their side effects. Nowadays females are interested in fantastic shapes 

affected by social media which encourages them to consume such androgens, 

especially oxandrolone. This research investigated possible bee venom 

antagonistic mechanisms to protect and cure body organs and functions against 

oxandrolone consumption adverse effects. Bee venom is selected due to its 

natural and unique components with many health-beneficial effects. Through 

this research oxandrolone overconsumption over time in female rats increased 

cardiac and ovarian tissue hypertrophy leading to their malfunction confirmed 

by significantly elevated (p≤0.05) cardiac serum function tests, increased 

plasma male sex hormone associated with decreased female sex hormones 

significantly (p≤0.05) in comparison with healthy group. Oxandrolone intake 

also increased the hematopoiesis to unpredictable levels. Oxandrolone 

initiated cardiac and ovarian lipolysis, oxidative and serum inflammatory 

status which arrested anti-oxidative and anti-inflammatory (heme oxygenase-

1 and nuclear factor (erythroid-derived 2)-like 2) pathways that were 

confirmed by their gene expression. Contrary bee venom-treated groups in (a 

protective, curative, and co-administered) manner improved all biochemical 

and genetic deteriorations caused by oxandrolone consumption significantly 

(p≤0.05) via antioxidant and anti-inflammatory activities with the most 

significant improvement recorded in the protective group. 

  

     INTRODUCTION 

 

              Common or over-counter use of performance‐enhancing drugs or supplements 

became a public health concern. These supplements are frequently utilized to improve muscle 

growth, athletic performance, and appearance in young and middle-aged individuals 

worldwide. Performance-enhancing supplements primarily consist of androgens, specifically 

androgenic anabolic steroids (Al Hashimi et al., 2023). 

             Testosterone, the primary male sex hormone is commonly known as the progenitor of 

most anabolic-androgenic steroids. It results in the growth and advancement of secondary 

male physical characteristics. Because of its fat solubility, the substance disperses throughout 

the cell, penetrates the cell nucleus, interacts with it, induces biochemical alterations, and 

http://eajbsz.journals.ekb.eg/
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triggers protein synthesis (Henriksen et al., 2023).  

              Due to their protein synthesis ability; androgenic anabolic steroids were commonly 

used in treating hypogonadism and severe burnout but their abuse by athletes and 

bodybuilders is associated with many adverse effects (Abasnejad et al., 2020). 

              Oxandrolone (Anvar) is a potent, oral anabolic androgen that is used in the 

treatment of several diseases including HIV-related muscle wasting, severe burn injury, 

trauma post-major surgery, neuromuscular diseases, and alcoholic hepatitis. It became 

popular among women to attain a slim body due to evolving societal pressures, such as the 

media, which encourage athletic beauty standards and muscular physiques for females 

(Piatkowski et al., 2023). 

              Due to little or no investigation of the biochemical alterations caused by chronic 

consumption of anabolic steroids like oxandrolone in females; it became a necessity required 

with exploring possible natural treatments.Bee venom is a valuable product. It possesses a 

broad spectrum of biological impacts and is experiencing rapid growth in apitherapy 

utilization. Apitoxin, sometimes known as bee venom, is produced in the venom gland 

located in the abdomen of honey bees. Adult bees utilize it as their main colony 

defense mechanism (Bava et al., 2023). 

              Bee venom comprises several biologically active compounds such as enzymes, 

peptides, amines, amino acids, phospholipids, minerals, carbohydrates, and volatile 

components. Key constituents of bee venom include melittin and phospholipase A2. These 

components have numerous healing properties. It has been utilized for millennia to combat 

various illnesses. Bee venom or its individual components are currently being utilized in 

multiple countries as a natural remedy for treating different disorders due to their minimal 

negative effects (Ullah et al., 2023). 

              Consequently, this research was designed to investigate the biochemical alterations 

caused by oxandrolone consumption in female rats with possible protective and curative 

strategies of bee venom as a natural remedy.   

 

    MATERIALS AND METHODS 

 

Rats, Diet and Chemicals: 

   Fifty adult female rats of (Sprague-Dawely) strain, 160–180g, purchased from The 

National Research Center, Giza, Egypt.  

Balanced food is planned following the American Institute of Nutrition (AIN-1993 M) 

(Reeves et al., 1993). 

            The Carniolan bee venom sample was collected from Apis mellifera carnica and 

derived fromThe Beekeeping Research Department of the Plant Protection Research 

Institute, Agriculture Research Centre, Giza, Egypt.   

            Oxandrolone (trade name Anavar) (17β-Hydroxy-17α-methyl-2-oxa-5α-androstan-

3-one) in the form of tablets 10 mg each (Meditech Human Pharmaceuticals, Ingoldheim, 

Germany). Each three tablet was crushed and dissolved in 5 ml sesame oil to give each rat 

(30mg/kg body weight (b.wt) /day) orally on two injections (Ronchi et al., 2021). 

Experimental Design: 

             Animals were kept singular in steel crates with stable monitored temperature at 

25±5°C, air humidity at 55%±10%, and light/dark cycle (12/12 hours). The overall animals 

were given balanced food and water ad libitum for 1 week (acclimatization period). Animals 

were separated into 5 groups, each one including ten rats -:                                                                                               

Group (1):  Healthy control group, rats were given balanced food, orally treated with 5 ml 

sesame oil, and intraperitoneally injected with 1 ml saline every day for 3 months. 
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Group (2):  Oxandrolone over supplemented group (Oxandrolone group), rats were given 

the balanced diet, orally treated with (30 mg/kg b. wt) oxandrolone dissolved in 5 ml sesame 

oil and intraperitoneally injected with 1ml saline every day for one month and a half.  

Group (3):  Protective group, rats were given the balanced diet and intraperitoneally 

injected with 1ml bee venom every day for one month and a half then orally treated with (30 

mg/kg b.wt) oxandrolone dissolved in 5 ml sesame oil every day for one month and a half. 

Group (4):  Curative group, rats were given the balanced diet and orally treated with (30 

mg/kg b.wt) oxandrolone dissolved in 5 ml sesame oil for one month and a half every day 

and then intraperitoneally injected with 1ml bee venom every day for one month and a half. 

Group (5):  CO-administered group, rats were given the balanced diet, orally treated with 

(30 mg/kg b.wt) oxandrolone dissolved in 5 ml sesame oil and intraperitoneally injected with 

1ml bee venom every day for one month and a half. 

 Samples Collection: 

  After the experiment was finished, each experimental rat was weighed and sacrificed 

using anesthesia. Samples of blood were gathered in 3 vials during the di-estrus phase 

(determined by vaginal smear) (Marcondes et al., 2002). The first one contained an 

anticoagulant (heparin) to estimate complete blood count. The second vial was for obtaining 

serum and was reserved at -20°C until doing the serum analyses. The third vial is used to 

separate the plasma to determine sex hormones. The animal's heart and ovaries were isolated, 

rinsed with saline, dried on filter paper, weighed, and divided into 2 parts. The sample was 

homogenized in 2 mL of phosphate buffer saline (pH 7.4) using a Teflon homogenizer, 

followed by centrifugation at 3500 revolutions per minute for 15 minutes at 4 degrees 

Celsius. The supernatants were utilized for biochemical examination. The remaining portion 

was stored at -80℃ until RNA extraction for gene analysis. 

Determination of Cardiac and Ovarian Hypertrophy Indices: 

             Isolated hearts and ovaries from the experimental animals were weighed. The index 

of cardiac and ovarian hypertrophy was calculated as indicated by heart or ovary weight to 

body weight (Kumar et al., 2012). 

Hematological Measurements: 

             Complete blood count (CBC) and blood indices were processed with a blood counter 

model Kx-21 system (Beckman Coulter MAXM Analyzer, electronic kobe, Japan) (Johnson 

et al., 2022). 

Determination of Cardiac Dysfunction: 

             Serum lactate dehydrogenase (LDH), creatine kinase-MB (CK-MB) activities, and 

troponin I (TnI) level were determined (Bergmeyer,1974; Wu and Bowers,1982 and 

Kiyasu,1985) using commercial kits derived from (Spinreact, Spain, Spectrum Diagnostics 

company, Egypt and ELISA kits derived from Eagle Biosciences company, USA) 

respectively. 

Determination of Plasma Sex Hormones: 

            Plasma sex hormones such as free testosterone, progesterone, and estradiol were 

measured using ELISA kits obtained from Sigma Aldrich Co., USA (Catalogue # SE120089, 

SE120087, and SE120084, respectively), following the manufacturer's instructions. Plasma 

levels of luteinizing hormone (LH) and antimullerian hormone (AMH) were quantified using 

ELISA kits from MyBioSource, Inc., San Diego, CA, USA (Catalogue # MBS764675 and 

MBS264077, respectively), following the provided manual.  

Estimation of Cardiac and Ovarian Tissue Oxidative Stress Parameters:         

           Tissues malondialdehyde (MDA), reduced glutathione (GSH), nitric oxide (NO) 

levels, and catalase (CAT) activity were determined using colorimetric kits manufacturer's 

instructions purchased from Biodiagnostic Company (Dokki, Giza, Egypt).  
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Serum Inflammatory Markers Determination:  

             Tumor necrosis factor-α (TNF- α), C-reactive protein (CRP), transforming growth 

factor beta1 (TGF-β1) levels and myeloperoxidase (MPO) activity were estimated using 

ELISA kits obtained from RayBiotech, Inc., USA (CAT.NO. ELR-TNFa-1), Thermo Fisher 

Scientific, Inc., Germany (CAT.NO.BMS623-3), MyBiosource company, San Diego, 

California, USA (CAT.NO.MBS2508830) and Abcam, USA (CAT.NO.ab105136) 

respectively according to the manufacturer's protocols.  

Quantification of HO-1 and Nrf2 in Cardiac and Ovarian Tissues: 

             RNA was extracted from the cardiac ventricle and ovarian tissue samples using the 

Invitrogen™ TRIzol™ Plus RNA Purification Kit from Life Technologies. Total RNA was 

converted to cDNA using a high-capacity cDNA reverse transcription kit from Applied 

Biosystems. The ABI Prism 7500 Device was utilized for quantitative analysis of heme 

oxygenase-1 (HO-1) and nuclear factor (erythroid-derived 2)-like 2 (Nrf2) genes in 96-well 

optical reaction plates from Applied Biosystems. Rat primers for nuclear factor erythroid 2-

related factor 2 (Nrf2) were 5′-GCTGCCATTAGTCAGTCGCTCTC -3′ and 5′- 

ACCGTGCCTTCAGTGTGCTTC-3′, while heme oxygenase1(HO-1) primers were 5′- 

TTAAGCTGGTGATGGCCTCC -3′ and 5′-GTGGGGCATAGACTGGGTTC-3′, as per 

manufacturer’s guidelines. 

Statistical Analysis:  

             The data were analyzed using SPSS version 21.0. One-way analysis of variance 

(ANOVA) was used to conduct multiple comparisons. Statistical significance was 

determined based on p-values of ≤ 0.05 for differences in means among the various groups 

(Levesque,2007). 

 

     RESULTS  

 

Cardiac and Ovarian Hypertrophy: 

             Figure 1 (a and b) illustrated that oxandrolone continued consumption resulted in 

cardiac and ovarian significant (p≤0.05) hypertrophy due to thickening and increased weight 

relative to body weight affecting their functions badly. Bee venom significantly (p≤0.05) 

counteracted tissue hypertrophy in supplemented groups with the best improvement (p≤0.05) 

recorded in the protective group.  

 
Fig. 1: Cardiac (a) and ovarian (b) hypertrophy in studied female rats. 

 

Hematological Parameters:  

              One function of oxandrolone is to treat anemia and induce hematopoiesis and this 

significantly (p≤0.05) increased all blood components including RBC's, WBC's and PLT 

counts as well as Hb content in the oxandrolone group; (Table 1). Bee venom health-

promoting functions significantly (p≤0.05) balanced hematological alterations caused by 
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oxandrolone over ingestion in curative, co-administered, and protective groups in an 

ascending ordered manner.  

  

    Table 1: Complete blood picture in studied female rats 
Groups 

 

    Parameter 

RBC's 

(106/µl) 

WBC's 

(10³/µl) 

 

PLT 

(10³/µl) 

 

Hb 

(g/dl) 

Healthy control group 10.17±0.25e 11.34±0.42e 186.32±4.12e 14.09±0.39e 

Oxandrolone group 19.23±1.21a 16.95±0.72a 233.81±6.04a 17.91±0.95a 

Protective Group 12.96±0.39d 12.09±0.11d 198.24±5.67 d 15.12±0.61d 

Curative group 17.16±0.84b 15.10±0.31b 221.19±3.97 b 17.03±0.40b 

CO-administered group 14.80±0.61c 13.87±0.20c 209.63±4.31c 16.27±0.28c 

Values were expressed as average ±SD, n=10; with no significant differences among averages with the same 

letters in the same column. 

 

Serum Cardiac Function:  

             On the determination of the cardiac function of tested female rats Figure 2 (a ,b  and 

c), it became obvious that oxandrolone overconsumption for a long time significantly 

(p≤0.05) mangled heart functions by increasing LDH, CK-MB activities, and TnI level in 

comparison to the healthy control group. Bee venom consumption ameliorated cardiac 

dysfunction in different ingestion patterns with the most significant enhancement (p≤0.05) 

in the protective group.  

       
Fig. 2: Cardiac function tests [LDH (a), CK-MB (b) activities, and TnI (c) level] in studied 

female rats. 

 

Plasma Sex Hormones:  

           Oxandrolone is an anabolic steroid and its intake in female rats caused hormonal 

disturbances, (Table 2) by significant increment (p≤0.05) in testosterone level accompanied 

by decreased female sex hormone levels. On the other hand, bee venom counteracted 

oxandrolone-induced hormonal disturbances in supplied groups. The protective group 

showed the most significant (p≤0.05) hormonal regulation compared with the oxandrolone 

group. 
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Table 2: Plasma sex hormone levels in studied female rats 

Groups 

      Parameter 

Testosterone 

(ng/ml) 

Progesterone 

(ng/ml) 

Estradiol 

(pg/ml) 

 

LH 

(ng /ml ) 

AMH 

(ng/ml) 

Healthy control group 1.67±0.19e 13.78±0.76a 10.90±0.63 a 0.94±0.11 a 2.66±0.57 a 

Oxandrolone group 6.93±0.34a 7.82±0.31e 6.41±0.25 e 0.31±0.04 e 0.98±0.09 e 

Protective group 2.46±0.15d 11.60±0.42b 9.43±0.51 b 0.80±0.05 b 2.09±0.14 b 

Curative group 5.78±0.21b 9.11±0.18d 7.75±0.40 d 0.49±0.03 d 1.79±0.32 d 

CO-administered group 3.63±0.26c 10.83±0.37c 8.54±0.46 c 0.61±0.07 c 1.16±0.29 c 

Values were expressed as average ±SD, n=10; with no significant differences among averages with the same 

letters in the same column. 

 

Cardiac and Ovarian Oxidative Status:  

              Overconsumption of oxandrolone on time initiated an oxidative status in different 

body organs. Figure 3 (a, b, c and d) and Figure 4 (a, b, c and d) showed that oxandrolone 

increased lipid peroxidation and formation of reactive nitrogen species significantly (p≤0.05) 

in cardiac and ovarian tissues with decreased antioxidant power by decreasing GSH level and 

CAT activity. Antioxidant properties of bee venom voided significantly (p≤0.05) 

oxandrolone-induced oxidative status in female rats in all tested groups. 

 
Fig. 3: Cardiac oxidative status parameters [MDA (a), NO (b), GSH(c) levels and CAT (d) 

activity] in studied female rats. 
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Fig. 4: Ovarian oxidative status parameters [MDA (a), NO (b), GSH(c) levels and CAT (d) 

activity] in studied female rats. 

 
Serum Inflammatory Markers:  

            Inflammatory markers (Table 3); increased significantly (p≤0.05) in the serum of 

female rats who consumed oxandrolone as an indication of an inflammatory status and organ 

dysfunction.  Inflammatory markers decreased significantly (p≤0.05) in protective, co-

administered, and curative groups respectively due to bee venom biological effects. 

  

Table (3): Serum inflammatory markers in studied female rats 

Groups                                           

 

Parameter 

TNF- α 

(pg /ml ) 

CRP       

(pg/ml) 

 

TGF-β1 

(pg/ml) 

MPO 

 (U/L) 

 

Healthy control group 26.23±1.51e 16.90±0.30 e 20.81±0.41e 11.19±0.11e 

Oxandrolone group 45.14±2.08a 37.67±0.57 a 53.01±1.94a 29.61±0.39a 

Protective group 29.12±1.69d 20.96±0.43 d 34.93±1.36d 14.28±0.17d 

Curative group 40.29±1.24b 31.57±0.27 b 48.89±0.89b 22.12±0.65 b 

CO-administered group 36.51±2.15c 27.14±0.16 c 42.36±0.50c 17.91±0.20 c 

Values were expressed as average ±SD, n=10; with no significant differences among averages with the same 

letters in the same column. 

 

Cardiac and Ovarian HO-1 and Nrf2 mRNA Gene Expression:  

             Oxandrolone inhibited the HO-1/Nrf2 pathway significantly (p≤0.05) in Figure 5 (a 

and b) and Figure 6 (a and b). This explained the oxidative and inflammatory status in affected 

female rats. Contrary bee venom initiated and activated the HO-1/Nrf2 pathway (p≤0.05) 

inside affected organs as the heart and ovaries in supplemented groups to counteract oxidative 

stress and inflammation. Intake of bee venom before oxandrolone as a protective strategy 

recorded the most marked (p≤0.05) improvement.  
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Fig. 5: Cardiac mRNA expression of [HO-1(a) and Nrf2 (b)] in studied female rats. 

 

 
Fig.6: Ovarian mRNA expression of [HO-1(a) and Nrf2 (b)] in studied female rats. 

 

     DISCUSSION  

 

               This study aimed to provide a unique contribution to the existing literature on 

gender-specific information and women's utilization of anabolic steroids. There is a growing 

trend of women feeling increasingly empowered to engage in strength sports and develop 

greater muscular mass. Engaging in these sports may lead to a higher likelihood for women 

to subsequently misuse anabolic steroids. Women who choose to utilize anabolic steroids 

often prefer oral formulations, such as oxandrolone. Oxandrolone, commonly known by its 

brand name Anavar, is sometimes used by females to enhance muscle growth, strength, and 

definition. However, it is important to approach its use with caution due to potential side 

effects, such as the development of male secondary sexual characteristics in women.          

             To improve human and animal health defects, the use of natural items as substitutes 

for synthetic medications is becoming more and more advised as apitherapy. Bee venom 

therapy has been used to treat a variety of illnesses. It contains physiologically active 

components with medicinal qualities. It comprises tiny peptides, amines, proteins, and 

enzymes, including phospholipase A2, melittin, apamin, and other elements related to sugars, 

and minerals (Bava et al., 2023). 

             Data illustrated that bee venom-treated groups improved significantly (p≤0.05) the 

thickness and weight of cardiac and ovary tissues compared with the oxandrolone group. 

Oxandrolone increased tissue hypertrophy due to increased testosterone production. It 

increases lean body mass and tissue body weight due to its anabolic activity that has been 

recorded previously (Grunfeld et al., 2006). Oxandrolone has anabolic activity by binding to 
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its androgen receptor in skeletal muscle and inducing muscle protein synthesis. Oxandrolone 

also inhibits muscle catabolism by working as a glucocorticoid receptor antagonist (Gusti et 

al., 2022). Anabolic androgenic steroids, when used chronically, enhance muscle growth and 

performance by binding to androgenic receptors, which triggers various cellular processes 

like gene transcription, second messenger signaling, and satellite cell activation. This leads 

to increased muscle protein synthesis and reduced breakdown, along with the growth of 

visceral adipose tissue (McCullough et al., 2021).   

              Due to bee venom's active constituents with various healing and medicinal activities 

consumption corrected tissue hypertrophy. Bee venom reduced ovarian enlargement in rats 

by decreasing the thickness of the follicular theca layer, potentially through increased 

lipolysis and reduced hypertrophy of this layer (Karimzadeh et al., 2012). Shi et al. (2022) 

notified that active components of bee venom reduce fat accumulation in various body tissues 

and enhance heart weight in conditions like obesity and diabetes by blocking pathways such 

as p-adenosine monophosphate-activated protein kinase (AMPK) and p-acetyl-coenzyme A 

carboxylase (ACC) during the development of 3T3-L1 preadipocytes. 

             The hematological measures indicated a significant increase (p≤0.05) in red blood 

cells, hemoglobin, white blood cells, and platelet counts. This is referred to as the effect of 

androgens on boosting the hematopoietic system through different methods. These factors 

involve promoting the release of erythropoietin, enhancing bone marrow function, and 

facilitating the integration of iron into red blood cells (Płoszczyca et al., 2024). The elevated 

white blood cell count is mostly due to an increase in the percentage of type B lymphocytes. 

The results showed a substantial rise (p≤ 0.05) in the percentage of lymphocytes. This could 

be due to oxandrolone's ability to induce inflammatory reactions that elevate lymphocyte 

counts. Urhausen et al., (2003) noted that the androgen receptor is present in megakaryocytes 

and is regulated by androgens. Androgens play a role in thrombopoiesis. Reports from 

anabolic steroid users indicate that patients undergoing androgen therapy for aplastic 

anemia have seen elevated platelet counts and thrombocytosis. 

             Furthermore, the current study shows an increase in the PLT count overall in the 

oxandrolone group, these results agree with (Khetawat et al.,2000). Shahani et  al., (2009) 

discovered that testosterone increases the density of human platelet A2 receptors, which in 

turn raises human platelet aggregation responses. This finding has led to speculation that 

testosterone may contribute to the thrombogenicity of anabolic steroids. 

             Regarding the effect of bee venom on hematological parameters, it was observed that 

its intake in all treated groups improved hematological parameters but remained higher than 

the healthy control group. Bee venom can improve blood circulation in micro-blood 

capillaries, raise coronary and peripheral circulations, and stimulate the production of new 

erythrocytes (Shi et al., 2022 and Abo-Zaid et al., 2023). These results are in agreement with 

the results of Mohammed and Hassan, (2019) who recorded a significant increase in the 

values of Hb with a decrease in the values of WBC’s and platelets in the bee venom-treated 

arthritis groups.  

             Results illustrated a significant elevation (p≤0.05) in the activities of LDH, CK-MB, 

and TnI levels of the oxandrolone group when compared to the control group. Organ health 

is negatively impacted by anabolic androgenic steroids. When anabolic androgenic drugs are 

utilized, oxidative stress and apoptosis are two causes of harm (Ayubi et al., 2023). The most 

common organ affected by anabolic androgenic steroid use is the heart; prolonged high-dose 

administration of these drugs causes cardiac dysfunction due to increased bad lipid fraction 

as low-density lipoprotein, insulin resistance, and increased visceral fat deposition linked 

with hypertension (McCullough et al., 2021). 

            Also, these results are in accordance with Shaaban et al., (2019) as the maximum 

serum troponin I level was recorded in the oxandrolone group. In contrast, the protective 

group had the lowest amount. The antioxidant properties of bee venom, which inhibit the 
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production of free radicals, protect the heart restricting the release of such tested enzymes by 

scavenging free radicals, stopping lipid peroxidation of membranes, and preserving 

membrane integrity. According to reports, bee venom could improve heart function by 

reducing oxidative stress and inhibiting the NF-kβ pathway (Shi et al., 2022 and Bava et al., 

2023). 

            Testosterone level was elevated significantly (p≤0.05) accompanied by decreased 

female sex hormone levels in the oxandrolone group on continuous intake (Jeschke et al., 

2007) which may cause de-menstruation. High concentrations of anabolic androgens exhibit 

an antiestrogenic impact because of a decreased activity of androgen receptors and competing 

with estrogens for their receptors (Arazi et al., 2017). 

            Conversely, a significant (p≤0.05) decreased testosterone and increased female sex 

hormones, respectively in all the bee venom-treated groups (protective, curative, and CO-

administered groups) as compared to the oxandrolone group. Bee venom has the potential to 

enhance the reproductive characteristics of both male and female rabbits. This suggests that 

bee venom could serve as a sustainable synthetic chemical medication (sex stimulants) in 

rabbit breeding, leading to enhancements in reproductive traits, immune system response, and 

overall health (El-Hanoun et al., 2020 and Elkomy et al., 2021). 

             Oxandrolone intake initiated oxidative stress by increasing lipolysis, lipid 

peroxidation and reactive oxygen species (ROS) levels while arresting antioxidant activities 

and levels. Oxandrolone abuse can promote changes in redox balance and induce oxidative 

stress (Ronchi et al., 2021). Cytochrome P450 mono-oxygenases metabolize anabolic 

steroids at high concentrations (Pey et al., 2003 and Arazi et al., 2017). Reactive oxygen 

species are produced as a result, which causes an up-regulation eventually leading to the 

antioxidant enzymes' activity running out. Additionally, anabolic steroids boost the lipase 

enzyme's activity, which raises the rate of lipolysis, this consequently raises the availability 

of long-chain fatty acids for ATP synthesis and mitochondrial oxidation, which develops lipid 

peroxidation and produces ROS (Langfort et al., 2010).  

               On the other hand, bee venom groups improved these results due to its strong 

antioxidant effect (Bava et al., 2023) which impeded lipid peroxidation, reduced MDA and 

ROS levels with increased antioxidant enzyme activities and non-enzymatic antioxidant 

levels as GSH in different body tissues (Shi et al., 2022 and Abo-Zaid et al., 2023).  

              On consumption of anabolic androgens as a treatment for burns or wasting diseases; 

they are anti-inflammatory agents. Contrary chronic consumptions of these androgens initiate 

an inflammatory process. Results reported that the levels of serum inflammatory markers in 

the oxandrolone group were significantly (p≤0.05) elevated compared to the healthy control 

group. Chronic administration of large amounts of anabolic androgens can cause 

inflammation that might contribute to triggering cardiac injury (Arazi et al., 2017 and Albano 

et al., 2021). Bee venom has an anti-inflammatory effect by suppressing the activity of pro-

inflammatory cytokines. These findings were consistent with the study by Lee et al., (2020) 

who demonstrated that treatments with apamin and bee venom were notably successful in 

reducing the production of key inflammatory cytokines. Bee venom and its primary 

constituents suppress the body's redox equilibrium, inhibit the production of inflammatory 

cytokines and chemokines, and modify the expression of proteins associated with cell 

apoptosis (Abo-Zaid et al., 2023 and Bava et al., 2023). 

            The transcription factor Nrf2 is crucial in regulating the expression of antioxidant 

genes that have anti-inflammatory effects. Nrf2 and Keap1 are key players in maintaining 

redox balance within cells and controlling inflammation. Nrf2 has been shown to play a role 

in regulating the heme oxygenase-1 (HO-1) axis, which is a powerful target for reducing 

inflammation. Recent research demonstrated a link between the Nrf2/antioxidant response 

element system and the regulation of inflammatory mediators, the NF-κB pathway, and 

macrophage metabolism. As a result of inflammation associated with increased lymphocyte 

https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.1001553/full#B50
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.1001553/full#B53
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count leading to inflammatory cytokines production the Nrf2 and HO-1 gene expression in 

ovaries and cardiac tissues were arrested in the oxandrolone group on the other hand bee 

venom antioxidant and anti-inflammatory components linked activities improved gene 

expression of both Nrf2 and HO-1 in affected tissues counteracting oxidative stress and 

inflammation (Saha et al., 2020 and Nguyen et al., 2022).  

CONCLUSION 

            Anabolic androgen misuse became a public health concern due to different associated 

adverse effects. Oxandrolone female overconsumption progressively increased to achieve 

body shaping and building. Oxandrolone caused biochemical and genetic alterations with 

many deleterious health sequences. Finding natural remedies is essential to compete with 

such stresses. Bee venom contains various active constituents with many health-beneficial 

activities that can counteract oxandrolone side effects. Anabolic androgens especially 

oxandrolone must be included in prescribed drugs and not be used except under medical 

supervision. Bee products especially bee venom extraction, production, and validation for 

human consumption to improve general health and antagonize possible biological alterations 

must be promoted. 
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