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Abstract 

In this study, copper oxide nanoparticles (CuONPs) were produced at room temperature using the sol-gel method 

with coffee powder extract and copper sulphate pentahydrate (CuSO4.5H2O) as the copper source. Fourier 

transforms infrared spectroscopy (FT-IR), x-ray diffraction (XRD), ultraviolet-visible spectroscopy (UV-Vis), 

transmittance electron microscopy (TEM), and scanning electron microscopy were used to analyze synthesized 

copper oxide nanoparticles with a spherical particle shape (SEM). An absorption band at 281 nm can be seen in 

the UV-Vis absorption spectrum. The final product was identified as highly crystalline CuO with diameters 

ranging from 15 to 30 nm by XRD. The SEM images show a network of randomly oriented CuO NPs with an 

average size of 20 nm and thicknesses of about 8 nm. The effect of copper oxide nanoparticles on the amount of 

testosterone hormone in human male and female serum was investigated in this study. Copper oxide 

nanoparticles had an inhibitory effect on testosterone levels, according to the findings. Different concentrations of 

copper oxide nanoparticles have an influence on testosterone hormone binding to receptors and thus on its level 

in the blood, which affects biological processes that are dependent on hormone concentration, according to the 

findings.  
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1. Introduction 

Nanotechnology includes the characterization, 

manufacture, and manipulation of devices, structures, 

or materials with at least one dimension                  

(or components with at least one dimension of about 

(1-100) nm in length) (1).Due to their unique 

physical and chemical properties, nanomaterials are 

widely used in a variety of sectors (2), (3). Copper 

oxide nanostructures have sparked a lot of attention 

due to their diverse range of uses, including 

superconductors (4), Catalytic(7), enormous magnet 

resistance materials(5),(6). 

Optical, electrical, and gas sensors (8), solar energy 

conversion (9), and organic–inorganic nanostructure 

composites preparation (10). A p-type 

semiconductor, CuO has a band gap of 1.7 eV. (11). 

When incorporated into coatings, plastics, textiles, 

and other materials, it can also be used as an 

antimicrobial, anti-biotic, and anti-fungal agent (12). 

Methods for generating CuONPs include the sol–gel 

approach (13), alkoxide-based method (14), 

electrochemical techniques (15), precipitation 

pyrolysis (16), microwave irradiations (17), solid-

state reaction method (18), and thermal degradation 

of the precursor (19). Plants such as neem (20), 

alfalfa (21), Cinnamomum camphor (22), tamarind 

(23), lemon grass (24) and coffee extract have 

recently been described for green synthesis of 

different nanoparticles. Testosterone (C19H28O2) is a 

male sex hormone generated in the testes and 

required for the healthy growth and function of the 

male sex organs (see figure 1) (25). The maturation 

process of sperm. The testicular laying cells produce 

most of it (26). The adrenaline cortexes of both men 
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and women produce approximately 0.5 milligrams 

every day (27). 

 
 

Fig (1). Testosterone hormone chemical structure. 

During intrauterine development, testosterone 

influences brain structure and neuron differentiation, 

with long-term consequences for brain functions (28). 

Testosterone is required for the development of male 

reproductive tissues such as the testes and prostate, as 

well as secondary sexual traits such as increased 

muscle and bone mass and hair growth in male 

humans (29). Men's testosterone levels directly and 

indirectly (through dihydrotestosterone (DHT) in the 

prostate) stimulate genital development (30-32). 

Furthermore, testosterone has an impact on the health 

of both males and females, as well as the prevention 

of osteoporosis (33). Anomalies such as frailty and 

bone degradation can occur in males who have 

insufficient testosterone levels (34-35). The synthesis 

of copper oxide nanoparticles from coffee aqueous 

extract, water as a solvent, and copper sulfate 

pentahydrate as a copper source was carried out using 

the Sol-gel method, which is an environmentally 

acceptable and inexpensive method (36). The goal of 

this study is to see how different concentrations of 

manufactured copper oxide nanoparticles affect the 

amount of the sex hormone testosterone in male and 

female patients' serum. 

 

Materials and Methods 

Preparation of coffee powder aqueous extract 

A local market in Baghdad, Iraq, provided the coffee 

powder. 2.5 g fine coffee powder was combined with 

100 ml distilled water in a 250 mL glass beaker to 

prepare a coffee aqueous extract. The mixture was 

boiled for 15 minutes at 40 °C. After cooling to 

ambient temperature, the mixture was centrifuged for 

5 minutes at 6,000 rpm and filtered with Whatman 

No. 1 filter paper. The aqueous extract was finely 

powdered and kept at 5°C for future investigations. 

 

Synthesis of CuO Nanoparticles using Coffee 

Extract 

In a perfect reaction, 2.5 g of copper sulphate 

pentahydrate ( CuSO4.5H2O ) was dissolved in 15 

mL of distilled water in a 250 mL conical flask and 

magnetically swirled at room temperature for 5 

minutes in a typical reaction mixture. Following that, 

30 mL of coffee aqueous extract was added to the 

copper ion solution, and the resulting mixture was 

refluxed in a sand bath for six hours at 70 °C with 

constant stirring. The mixture was then dried for four 

hours at 40 °C, generating a black powder as shown 

in figure (2), showing the creation of copper oxide 

nanoparticles.

 
Fig (2). CuONPs Powder Preparation. 

 

Characterization Techniques 

A Hitachi S-4500 scanning electron microscope was 

used to examine produced copper oxide 

nanoparticles. Powder X-ray diffraction (XRD) was 

carried out using a Shimadzu XRD-6000 X-ray 

diffractometer with CuKa radiation λ = 1.5405 Å 

over a wide range of Bragg angles (3o ≤ 2θ ≤ 80o). A 

Shimadzu FTIR-Prestige-21 spectrophotometer was 

used to perform FT-IR spectroscopic observations.. 

Using a Schimadzu 1601 spectrophotometer in the 

wavelength range of 200 to 700 nm with a resolution 

of 1 nm, the UV-Vis spectra of copper oxide 

nanoparticles was recorded as a function of reaction 

time by diluting 0.1 ml of the sample with 2 mL of 

deionized water. 

 

Patients and methods        

Copper oxide nanoparticles and Enzyme Linked 

Immune Sorbant Assay (ELISA) Kits for testosterone 

were employed in this investigation (Germany) 

(Elabscience specializes in immunodiagnostic 

technology for life science community). Its operation 

is based on hormone specimens and hormone 

conjugated in coated wells competing for binding. 

The inhibition percentages of testosterone binding 

between antigen and antibody were calculated by 

comparing hormone concentrations with CuONPs (20 

μL of CuONPs was added to the sample assay) to 
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hormone concentrations without CuONPs (20 μL of 

distilled water was added to the sample assay) under 

the same conditions, using equations (16): -                  

          % inhibition = 100 – Activity in the presence 

of nanoparticles / Activity in the absence of 

nanoparticles x 100. 

The effect of CuONPs concentration on testosterone 

binding to receptors was examined experimentally. 

Serial concentrations of CuONPs were prepared by 

diluting stock solutions with distilled water, and 

hormone concentration was determined under the 

same conditions. 

 

Sample 

This study includes a total of 120 samples. Blood 

samples were obtained at the AL-Imamein AL-

Kadhimaein Medical City Educational Hospital in 

Baghdad, Iraq, between December 2020 and May 

2021. According to their clinical diagnosis, the 80 

abnormal testosterone patients are separated into two 

groups: (40) males and (40) females (group A). A 

total of 40 healthy controls (group B) were enrolled 

in the study, whose ages were matched from 20 to   

40 year. The control group was chosen from patients 

who are clearly stable, meaning they are neither 

hypertensive, diabetic, or have a family history of 

other chronic conditions. The quantitative assessment 

of testosterone hormone in human serum was carried 

out using a testosterone hormone immunoassay 

(sandwich method). Anti-testosterone hormone 

antibodies were immobilized in the solid phase of the 

well, and testosterone from the patient serum was 

bound. Five millilitres of venous blood were drawn, 

transferred to a plane tube, and allowed to coagulate 

at room temperature before being centrifuged at 

1.174 xg for five minutes. The serum was then 

separated and kept at -20°C until the experiment. 

Within 10 minutes, each sample's optical density 

(OD) was evaluated using a Microplate reader set to 

450 nm. 

Statistical Analysis 

SPSS version 17.0 for Windows was used for all stati

-stical analyses in the experiments (Statistical 

Package for Social Science, Inc., Chicago, IL, USA).  

The mean and standard deviation of parameters were 

calculated using descriptive analysis (36). 

 

Results and discussion  

CuO nanoparticles were reduced and stabilized with 

coffee extract. Scheme 1 illustrates the proposed 

technique (37,38). This provides compelling evidence 

for the role of polyphenols in fast production as well 

as the stability of metallic nanoparticles in aquatic 

environments. It's possible that the well-dispersed 

copper nanoparticles were made by reducing copper 

ions with coffee extracts containing epigallocatechin 

gallate (EGCG), a reducing and capping agent. 

EGCG is a polar molecule that is very water soluble. 

During interactions, EGCG acted as a stable (electron 

+ proton) donor, as shown in Scheme 1. Through 

oxidation, it was first transformed into the radical ion 

"semihydro-EGCG," and subsequently into dehydro-

EGCG. Dehydro EGCG and EGCG combined to 

form a redox system that was capable of reducing 

Cu
+2

 to Cu
0
 (11). In order to produce a complex 

compound, the lone pair electrons in the polar groups 

of EGCG can occupy two sp orbits of the copper ion. 

Copper ions were added to the EGCG, and 

subsequently Cu(0) nanoparticles were created by 

reducing Cu
+2

 inside the nanoscopic templates. Small 

copper nanoparticles developed quickly in the 

presence of nanoscopic templates. The other 

explanation could be the dispersion impact of 

EGCG's oxidation product on copper nanoparticles 

once the reduction reaction is complete. Through 

oxidation, EGCG becomes dehydro  EGCG.

Scheme (1) The proposed mechanism for the            

formation of CuONPs. 

Characterization of CuO nanoparticles 

UV–Vis spectroscopy         

The most extensively utilized technique for structural 

characterisation of nanoparticles is UV–Vis 

spectroscopy. Copper oxide nanoparticles' 

absorbance was measured in the 130-700 nm range. 

Figure 3 shows an example of typical excitation 

absorption at 281 nm (3). 
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Fig. (3) UV–Vis spectroscopy of CuONPs using  

coffee powder extract. 

  

Fourier Transforms Infrared Spectroscopy 

(FTIR) 

The FTIR spectrum shown in Figure (4) shows strong 

and wide absorption bands at 479,512, 613,752, 

1,071, 1,380, 1,603, 1630, and 3,422 cm-1. 

476,512,613 Cu-O stretching vibrations The peak at 

1,071 cm-1 indicated the presence of C–O stretching 

frequency, while the peak at 1,382 cm-1 indicated the 

presence of the germinal methyl group. The peak at 

1,603 cm-1 demonstrated the presence of flavones 

adsorbed on the surface of CuO nanoparticles1630 

bends the vibration of water molecules, suggesting 

the unreacted ketone group This indicates that water 

soluble organic coffee moieties were used to 

synthesize CuO. A broad absorption band at 

3,422cm-1 was also discovered in the FTIR spectra, 

which was primarily for -OH. 

 

 
 

Fig.(4)FTIR spectrum of CuO NPs prepared from 

coffee powder extract. 

 

X-ray diffraction (XRD) X-ray diffraction (XRD) 

studies 

The X-ray diffraction (XRD) pattern of synthesized 

CuO nanoparticles is illustrated in Figure (5). The 

peak position with 2θ values of 32.5°, 35.4°, 38.7°, 

46.2°, 48.7°, 53.4°, 58.3°, 61.5°, 66.2 and 68.1° 

correspond to (110), (002), (200), (112), (202), (020), 

(202), (113), (022) and (220) planes, respectively, 

indicating the spherical structure of the synthesized 

CuO NPs. The XRD pattern indicates the high phase 

purity. The average crystallite size of the CuO NPs as 

determined by Debye. The absence of impurity peaks 

in the formula Scherrer's a: D = kλ / β cos θ Where D 

is the particle size (nm), k is a constant equal to 0.94, 

is the wave length of X-ray radiation (1.5406 A), is 

the peak's full-width at half maximum (FWHM) (in 

radians), and 2 is the Bragg angle (degree) (38). The 

average crystallite size was discovered to be between 

45-65.7. nm. 

 
     Fig. (5) XRD patterns of CuONPs dried at 300°C. 

Transmittance Electron Microscopy 

The TEM image of CuONPs revealed that the 

particles are nearly spherical in shape, with a slight 

thickness difference. A histogram revealed that the 

typical particle size was 25-45 nm, as illustrated in 

figure (6). 

 

 
Fig. (6) TEM image of CuONPs. 

Scanning Electron Microscopy 

       SEM scans of synthesized copper oxide 

nanoparticles illustrated in figure (7) with particle 

sizes ranging from (55.7- 120) nm were obtained. 
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The EDS method was used to analyse the subject. 

The energy dispersive spectra of the samples 

obtained from SEM-EDX analysis demonstrate that 

the sample produced using the above method has 

pure CuO phase. The findings revealed that the 

reaction product was made up of high purity copper 

oxide nanoparticles. 

 

  
Fig. (7) SEM image of CuONPs. 

Biological effect of CuONPs on Testosterone 

hormone level  

Table (1) shows the mean levels acquired of BMI in 

sera of healthy and patient female and   male. It is 

obvious from the results that for healthy female and 

male, they are within normal range. Meanwhile,  

patient’s female and male have high level of 

testosterone hormone.  

Table 1: Comparison between Control and 

Patients groups in Body Mass Index-BMI for 

Female and Male. 

 

Group  
Mean ± SD of BMI (kg/m

2
) 

Female Male 

Control  22.06 ±0.37 22.13 ±0.34 

Patients 24.80 ±0.27 25.13 ±0.38 

T-test 0.929 ** 1.194 ** 

P-value 0.0001 0.0001 

** (P≤0.01). 

The activation or inhibition percentage of various 

concentrations of synthesized copper oxide 

nanoparticles for testosterone level was studied on 

sera of female and male patients. The results 

presented in Table (2) and figure (8) indicated in 

general inhibition effect on testosterone hormone 

level for female patients by four concentrations of 

CuONPs while a little activation effect occurs only at 

0.02 M of nanoparticles. On the other hand for male 

patients, testosterone level was activated at all studied 

CuONPs concentrations. 

Table 2: Effect of CuO Nanoparticles 

concentrations on Testosterone Hormone level in 

Female and  Male Patient.  

 

 

 
Figure (8) Effect of CuONPs concentrations on 

Testosterone hormone level for  male 

and Female patients. 

 

To the best of our knowledge, the present study is the 

first one to look at the effects of copper oxide 

nanoparticles on sex hormone binding to its receptors 

in human serum. Other studies focus on 

nanoparticles' effect on male reproductive function in 

mice and cell lines. In a recent work, after the 

delivery of polyethylene glycol -NH2 capped AuNPs 

to Imprinting Control Region (ICR) mice, elevated 

testosterone levels were observed with no changes in 

luteinizing hormone or follicle stimulating hormone 

values (17). According to Ivo Iavicoli et al., the 

majority of the negative effects of nanoparticles on 
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male reproductive function are caused by changes in 

testicular structure, spermatogenesis impairment, and 

changes in the biosynthetic and catabolic pathways of 

testosterone. (9). The surface chemistry of 

nanoparticles seems to be plays an important role in 

inducing hormonal alterations (9). Larson determined 

in living ovarian tissue that gold nanoparticles 

affected production of progesterone, a sex steroid 

hormone that affects the production of estrogen and 

testosterone. These effects may be due to the ability 

of these nanoparticles to bind to sulphur containing 

serum proteins as well as forming hydrophobic 

interactions (18). In this case, some of the signalling 

proteins which interact with receptors can be bound 

to AuNPs (19). Sivaraj et al., reported in their study 

that protein adsorption to the nanoparticle surface can 

mediate the uptake of the nanomaterial via receptor-

mediated endocytosis (20). Shankar et al., 

demonstrated that many different plasma proteins 

adsorb on nanoparticles spontaneously, and that the 

surface chemistry of the nanoparticles in growth 

media/plasma is not the same as the originally 

synthesized materials (21). Instead, the nanoparticles 

adopt the physiochemical properties of the adsorbed 

protein shell (22) (23). This means that the 

concentration of receptors present in serum has an 

important role in nanoparticle impact on sex hormone 

binding to its receptor. 

 

Conclusions 

A pristine hexagonal structure of black powder was 

generated after only 4 hours of heat treatment at 40 

°C. This method of introducing and adapting green 

chemistry ideas to the synthesis of nanoparticles is 

intriguing. The method also has the advantage of 

being simple to synthesize in a typical setting and 

reasonably inexpensive, allowing for a more realistic 

scale-up and deployment of the manufacturing 

process. This study found that varied concentrations 

of CuO nanoparticles caused variable variations in 

testosterone hormone levels in both male and 

females. It increased in males with low testosterone 

levels in higher dose NPs, but considerably decreased 

in lower dose NPs. When high NPs were used in a 

dose-dependent manner, it resulted in a decrease in 

high testosterone levels in females. However, when a 

lesser amount is administered, there is a considerable 

rise. Testosterone levels are likewise affected by 

nanoparticles in a dose-dependent manner. 

 

Conflicts of interest 

There are no conflicts to declare. 

Acknowledgments 

The authors are thankful for spectra analysis services 

and analytical experiences in compliance with the 

supplier laboratory, Al-Nahrain University, Faculty 

of Science, Chemistry. 

 

References 

1. Vineet K, Sudesh KY. "Plant mediated 

synthesis of silver and gold nanoparticles 

and their applications" J Chem. Technol. 

Biotechnology, 84(2), pp. 151-157;(2009). 

2. .Rheima, A. M., Hussain, D. H., Almijbilee, 

M. M. A. "Graphene-silver nanocomposite: 

Synthesis, and adsorption study of cibacron 

blue dye from their aqueous solution" 

Journal of Southwest Jiaotong University, 

54(6), pp. 8 -12;(2019). 

3. .Rosarin, F. S., and Mirunalini, S. "Nobel 

metallic nanoparticles with novel biomedical 

properties" J Bioanal. Biomed, 3(4), pp. 

085-091;(2011). 

4. Yip S. K., Sauls J.A. "Nonlinear Meissner 

effect in CuO superconductors" Phys. Rev. 

Lett., 69(15):2264 (1992). 

5. Zheng XG, Xu CN, Tomokiyo Y, Tanaka E, 

Yamada H, Soejima Y. Observation of 

charge stripes in cupric oxide. Phys Rev 

Lett., 85(24), pp. 5170-5176; (2000).  

6. Acharyulu NPS., Dubey RS., Swaminadham 

V., Kollu P., Kalyani R.L., Pammi SVN. 

"Green synthesis of CuO nanoparticles using 

Phyllanthus amarus leaf extract and their 

antibacterial activity against multidrug 

resistance bacteria" Int. J Eng. Res Technol., 

3(4), pp.639-641  (2014). 

7. Yang S, Wang C, Chen L, Chen S. "Facile 

dicyandiamide-mediated fabrication of well-

defined CuO hollow microspheres and their 

catalytic application" Mater Chem. Phys., 

120(2–3), pp. 296–301;(2010).  

8. Yu T, Cheong F-C, Sow C-H. "The 

manipulation and assembly of CuO 

nanorods with line optical tweezers" 

Nanotechnology, 15(12), pp. 1732-1738; 

(2004). 

9. Podhájecký P, Klápště B, Novak P, Mrha J, 

Moshtev R, Manev V. "The influence of 

preparation conditions on the 

electrochemical behaviour of CuO in a 

Li/CuO cell" J Power Sources, 14(4), pp. 

269–275;(1985). 



 THE POTENTIAL OF GREEN-SYNTHESIZED COPPER OXIDE....... 

 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

401 

10. Tamaki J, Shimanoe K, Yamada Y, 

Yamamoto Y, Miura N, Yamazoe N. "Dilute 

hydrogen sulfide sensing properties of CuO–

SnO2 thin film prepared by low-pressure 

evaporation method" Sensors Actuators B 

Chem.,49(1–2), pp.121–5;(1998).  

11. Vijaya Kumar R, Elgamiel R, Diamant Y, 

Gedanken A., Norwig J. "Sonochemical 

preparation and characterization of 

nanocrystalline copper oxide embedded in 

poly (vinyl alcohol) and its effect on crystal 

growth of copper oxide" Langmuir, 17(5), 

pp. 1406–1410;(2001). 

12. Debbichi L, Marco de Lucas MC, Pierson 

JF, Kruger P. "Vibrational properties of 

CuO and Cu4O3 from first-principles 

calculations, and Raman and infrared 

spectroscopy" J Phys. Chem. C., 116(18), 

pp. 10232–10237;(2012).  

13. Naika H.R. Lingaraju K. Manjunath K. 

Kumar D. Nagaraju G.  Suresh D. "Green 

synthesis of CuO nanoparticles using 

Gloriosa superba L. extract and their 

antibacterial activity" J Taibah. Univ. Sci., 

9(1), pp. 7–12;(2015). 

14. Zhang Q. Li YAN, Xu. D. Gu Z. 

"Preparation of silver nanowire arrays in 

anodic aluminum oxide templates" J Mater 

Sci Lett., 20(10), pp. 925–7; (2001).  

15. Carnes C.L. Stipp J. Klabunde K. J. 

Bonevich J. "Synthesis, characterization, 

and adsorption studies of nanocrystalline 

copper oxide and nickel oxide" Langmuir., 

18(4), pp. 1352–1329;(2002).  

16. Yin A.J. Li J. Jian W. Bennett A.J. Xu J.M. 

"Fabrication of highly ordered metallic 

nanowire arrays by electrodeposition" Appl 

Phys. Lett., 79(7), pp.1039–1041;(2001).  

17. Fan H. Yang L. Hua W. Wu X. Wu Z. Xie 

S. "Controlled synthesis of monodispersed 

CuO nanocrystals. Nanotechnology" 15(1), 

pp. 37-41;(2003).  

18. Wang H. Xu J-Z. Zhu J-J. Chen H-Y. 

"Preparation of CuO nanoparticles by 

microwave irradiation" J Cryst. Growth., 

244(1), pp.88–94;(2002).  

19. Xu J.F. Ji W. Shen Z.X." Preparation and 

characterization of CuO nanocrystals" J. 

Solid State Chem., 147(2), pp. 516–519; 

(2000).  

20. Sivaraj R, Rahman PKSM, Rajiv P. Salam 

H.A. Venckatesh R. "Biogenic copper oxide 

nanoparticles synthesis using 

Tabernaemontana divaricate leaf extract and 

its antibacterial activity against urinary tract 

pathogen" Spectrochim. Acta. Part A Mol. 

Biomol. Spectrosc., 133, pp. 178–181; 

(2014).  

21. Shankar S.S. Rai A. Ahmad A. Sastry M. 

"Rapid synthesis of Au, Ag, and bimetallic 

Au core–Ag shell nanoparticles using Neem 

(Azadirachta indica) leaf broth" J Colloid 

Interface Sci., 275(2), pp. 496–502;(2004).  

22. Shankar S.S. Ahmad A. Pasricha R. Sastry 

M. "Bioreduction of chloroaurate ions by 

geranium leaves and its endophytic fungus 

yields gold nanoparticles of different 

shapes" J Mater Chem., 13(7), pp.1822–

1826;(2003).  

23. Gardea-Torresdey J.L. Gomez E. Peralta-

Videa J.R. Parsons J.G. Troiani H. Jose-

Yacaman M. "Alfalfa sprouts: a natural 

source for the synthesis of silver 

nanoparticles" Langmuir, 19(4), pp. 1357–

1361;(2003).  

24. Taghried A. Salman, Tahseen A. I. Salma A. 

A. "Effect of Magnesium Oxide and Zinc 

Oxide Nanoparticles on Triiodothyronine 

Hormone" IOP Conference Series: Materials 

Science and Engineering,1145,pp.1-10 

(2021). 

25. Tahseen A. I. Taghried A. Salman, Salma A. 

A."Effectiveness of Magnesium oxide 

Nanoparticles in the Management of 

Thyroid Hormone Level" Egypt. J. Chem., 

64 (6), pp. 2889 – 2894; (2021). 

26.  Hong, Y. Chen, S. "Aromatase, estrone 

sulfatase, and 17β-hydroxysteroid 

dehydrogenase: Structure–function studies 

and inhibitor development" Molecular and 

cellular endocrinology, 340(2), pp.120-126; 

(2011). 

27. Bloom, M. S., Houston, A. S., Mills, J. L. 

Molloy C. A. Hediger M. L. "Finger bone 

immaturity and 2D: 4D ratio measurement 

error in the assessment of the 

hyperandrogenic hypothesis for the etiology 

of autism spectrum disorders" Physiology & 

behavior, 100(3), pp.221-224; (2010). 

28. Mooradian, A. D. Morley, J. E. Korenman 

S. G. "Biological actions of androgens." 

Endocrine reviews, 8(1), pp.1-28 ;(1987). 



 S. H. Jassim and T. A. Salman 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

 

402 

29. Raspé, G. (Ed.). "Hormones and Embryonic 

Development: Advances in The 

Biosciences"  Elsevier, 13;(2013). 

30.  Neumann, F. Elger, W. "Steroidal 

stimulation of mammary glands in 

prenatally feminized male rats" European 

Journal of Pharmacology, 1(2), pp. 120-123; 

(1967). 

31.  Rajendran, K. G. Shah, P. N. Dubey, A. K. 

Bagli N. P. "Mammary gland differentiation 

in adult male rat-Effect of prenatal exposure 

to cyproterone acetate" Endocrine research 

communications, 4(5), pp. 267-274; (1977). 

32. Tuck S. Francis R. "Testosterone, bone and 

osteoporosis. Advances in the management 

of testosterone deficiency", 37, 123-132 

(2009). 

33. Bassil N. Alkaade S. Morley J. E. "The 

benefits and risks of testosterone 

replacement therapy: a review" Therapeutics 

and clinical risk management, 5, pp. 427-

435; (2009).     

34. Abd A. Abdulkareem E.H. Abdulkareem 

S.S. "Correlation of Sex Hormones and 

Periodontal Disease in Women with 

Menstrual Cycle Irregularities" Indian 

Journal of Forensic Medicine & Toxicology, 

15(3), pp. 435-342; (2021).  

35. Raliya R. Tarafdar J. C. "Biosynthesis and 

characterization of zinc, magnesium and 

titanium nanoparticles: an eco-friendly 

approach" International Nano Letters, 4(1), 

pp.93- 97; (2014). 

36. Xiong J. Wang Y. Xue Q. Wu X. "Synthesis 

of highly stable dispersions of nanosized 

copper particles using L-ascorbic acid" 

Green Chemistry, 13(4), pp. 900-904; 

(2011). 

37. Raliya R. Tarafdar J.C. "Biosynthesis and 

characterization of zinc, magnesium and 

titanium nanoparticles: an eco-friendly 

approach" International Nano Letters, 4(1), 

pp.93-98; (2014). 

38. Ibrahim, T.A. Taghried.A. S. and Salma.A. 

A. "Biosynthesis of zinc oxide nanoparticles 

using orange peels extract for biological 

applications" Plant Archives, 21(1), pp.  

329-332; (2021). 

39. Kumar O. S. Watanabe E. Nakai R. 

Nishimoto N. Fujita Y."Growth of nitrogen-

doped ZnO films by MOVPE using 

diisopropylzinc and tertiary-butanol"  

Journal of crystal growth, 298, pp. 491-494; 

(2007).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




