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ABSTRACT 

Zinc oxide nanoparticles have been widely studied in recent decades due to their nano-medicine 

applications based on the physiological and biochemical agents that an often added as a food 

supplement in animal diets. This study aimed to synthesize, and characterization of zinc oxide 

nanoparticles using crude extract of Ziziphus-Spina Christi leaves and then investigated its protective 

effects against renal failure induced by adenine in male rats. Thirty-six male rats were randomly 

assigned to one of six groups and given adenine (100 mg/kg.BW) daily for thirty days. At the end of 

30 days, blood and tissue samples were collected to evaluate kidney functions, antioxidant status, and 

histological changes. The UV-visible spectrum showed a strong absorption peak at 362 nm, which is 

specific to ZnO-NPs. Absorption peaks (400 and 500 cm-1) returned to Zn-O bonding in FT-IR 

spectroscopic investigation. X-ray diffraction (XRD) results showed the hexagonal wurtzite phase 

with an average crystal size calculated at 38.177 nm. Transmission electron microscopy (TEM) 

showed that particles had a spherical shape and measured an average diameter of 43.35 nm. In lowest 

doses, ZnO-NPs and Ziziphus-Spina Christi leaves extract effectively reduced the rise in kidney 

function parameters and improved biochemical changes suggestive of renal failure (Creatinine, urea, 

uric acid). Furthermore, total antioxidant capacity (TAC) and catalase levels were both increased while 

malondialdehyde (MDA) was dramatically decreased (CAT). In conclusion, the protective effects of 

ZnO-NPs and plant extract on ameliorating biochemical alterations were validated by histological 

tests. 
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INTRODUCTION 

Nanoparticles have different applications 

because they are reliable to provide a broad 

range of unusual uses and improved 

technologies for multiple applications such as 

industry, environment, medicine, and 

communications (1). Nanoparticles are 

comparable to naturally occurring proteins and 

 molecules in the human cell (2), this great 

interest is due to their small size and large surface 

area to volume ratio. The biological activity of 

nanoparticles increases as the total surface area of 

the particles increased (3), which gives rise to 

some of the superior properties of their bulk 

phase such as antimicrobial, catalytic, electronic, 

magnetic, and optical properties (4). 
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As a compound semiconductor with a large 

bandgap energy (Eg = 3.37 eV) and large exciton 

binding energy (60 meV) at room temperature 

(5), ZnO-nanoparticles have found widespread 

use in recent years. This is due to the fact that 

ZnO is an ionic semiconductor with a large 

exciton binding energy, which makes it a good 

UV absorber (6). Several researchers have given 

serious consideration to the biological synthesis 

of ZnO-NPs using plant extracts due to the 

benefits it offers: it is safe for the environment, 

inexpensive, produces no hazardous byproducts, 

and can provide a usable yield quickly (7). The 

biomolecule components in the plant extract 

serve as reducing agents in redox processes, 

transferring electrons to zinc ions to create stable 

zinc oxide nanoparticles of controlled size and 

shape, increasing the manufacturing yield. 

Moreover, these chemicals serve as a capping 

agent, stopping particles from clustering together 

(8). As a food additive, zinc oxide nanoparticles 

(ZnO-NPs) may have effects linked to particle 

size and dose, facilitating zinc absorption (9). 

Moreover, the FDA has classified ZnO as GRAS 

(generally recognized as safe) (10). Damage to 

the kidneys lowers the quality of metabolic 

processes, immunological responses, 

detoxication, and antimicrobial defense, among 

other functions. Human kidneys play an 

important role in the filtration and concentration 

of numerous chemical substances that, in high 

enough concentrations, might be hazardous (11). 

Due to the pathologically lethal hormonal and 

metabolic disturbances, chronic renal failure 

(CRF) is considered a medical emergency. 

Nevertheless, when estimating the pathogenic 

damage of organs, certain animal models of 

chronic renal failure are utilized (12). So, the 

purpose of this work was to calculate the degree 

to which ZnO-NPs protect against adenine-

induced chronic renal failure in male rats. 

 

MATERIALS AND METHOD 

Chemical and Kits 

Zinc nitrate hexahydrate (Zn(NO3)2.6H2O, 

99.0%) was purchased from CDH Co. (India), 

adenine with high purity grade, CAS NO.: 73-24-

5 was supplied from Solarbio Co. (China), 

dimethyl sulfoxide (DMSO) with purity 99.9% 

Min was obtained from Xi`an Sheerherb 

Biological Technology Co. (China). Kits for uric 

acid, creatinine, and urea were obtained from 

Solarbio Co. (China). Kits for total antioxidant 

capacity (TAC), catalase (CAT) kit, and 

malondialdehyde (MDA) content assay also were 

obtained from Solarbio Co. (China). Ethanol was 

supplied by Fluka Co. (Switzerland) with an 

assay of ~ 96%(v/v), and sodium hydroxide 

(NaOH) was purchased from BDH Co. (U.K.) 

with an assay of 99%.   

 

Collection of plants  

Fresh Ziziphus-Spina Christi leaves were 

collected from the campus University of Kufa-

College of Medicine. The fresh leaves were 

thoroughly washed under tap water to remove the 

adhered and then rinsed with distilled and de-

ionized water to remove dust and other particles. 

The washed plant part was dried by exposing it to 

the sun through a window to protect it from direct 

sunlight. Then the dried leaves were sliced into 

small pieces and crushed using a mortar and 

pestle. 

  

Preparation of Z.-spina Christi leaves extract 

Ten grams of crushed Z.-spina Christi leaves 

were dissolved in 100 ml de-ionized water in 

conical flasks and stirred it using a heating stirrer 

at 45°C for 15 minutes and then filtered through 

muslin cloth and centrifuged at 1500 rpm for 10 

minutes. Then the crude extract was dried in air 

oven for 30 minutes at 90°C to obtain a powder.   

 

Biosynthesis and purification of zinc oxide 

nanoparticles 

A one millimolar (1mM) stock solution of zinc 

nitrate hexahydrate was prepared by weighing 

out 0.0297 gm of zinc nitrate hexahydrate and 

dissolving in 100 ml deionized water. To 

synthesis of ZnO- nanoparticles adding 10 ml of 

Z.-Spina Christi leaves extract to 90 ml of 1 mM 

Zn(NO3)2.6H2O at room temperature. Freshly 

prepared 0.5 M of sodium hydroxide (NaOH) 

was added dropwise to the solution while being 

gently stirred to adjust the pH at 9. The mixture 

was heated on the magnetic stirrer for 2 hours at 
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60 °C until it transformed into the brownish-

colored pellet. After that the mixture was cooled 

and centrifugated at 5000 rpm to purify the 

obtained pellet because it contains impurities on 

the surface of particles, and then washing with 

ethanol followed by de-ionized water several 

times to eliminate the water-soluble substances 

and any contaminants otherwise organic 

materials present on the surface of synthesized 

nanoparticles. The pure pellet was desiccated in 

a warm air oven at the temperature of 100°C for 

90 minutes followed by the calcination step at 

300 °C for 1 hr., that is important to forming 

ZnO-NPs. The calcinated ZnO-NPs were ready 

for characterization and subsequent applications. 

 

Optimization of the ZnO-NPs biosynthesis 

The reaction parameters, including plant extract 

volume, temperature, heating duration, pH, and 

Zn concentration, may be adjusted to control 

ZnO NPs synthesis. Hence, the biosynthesis 

process must be optimized to obtain the 

controllable size and production rate of ZnO NPs. 

In the interest of generating ZnO-NPs with a 

spherical form, smaller particles size, stability, 

and high yield, the optimization procedure in this 

work was conducted by modifying two 

experimental parameters, involving pH and 

reaction temperature. 

 

Effect of pH  

pH of the reaction mixture determines the types 

of ZnO-NPs formed, the different pH values (pH 

5, 6, 7, 8, 9 and 10) were maintained using 0.5 M 

NaOH. The reaction time, reaction mixture 

concentration, and reaction temperature were 

kept constant. 

 

Effect of reaction temperature 

Temperature has been an important role in all 

reactions. The different temperature ranging 

from 40˚C to 70˚C at intervals of 10˚C were 

maintained. The temperature was carried out 

using UV- visible spectrophotometer, and the 

absorbance of the solution was determined. 

 

Characterization of zinc oxide nanoparticles       

Zinc oxide nanoparticles were characterized 

using different modern techniques including the 

following: 

 

1- UV-Visible Spectroscopy 

The optical properties of ZnO-NPs were 

evaluated using UV–vis spectrophotometer (UV-

1650PC, SHIMADZU, Japan). The spectra were 

set in between the wavelength of 300–700 nm 

range. In spectrophotometer de-ionized water 

was set as available reference and 4 ml solution 

of ZnO-NPs were subjected. 

  

2- Fourier transform infrared FT-IR 

spectroscopy 

FT-IR spectroscopy was used to determine the 

various functional groups involved in Z.-Spina 

Christi leaves extract and synthesized ZnO-NPs. 

These were recorded and compared using 

(IRPrestige-21, SHIMADZU, Japan) under the 

spectral range of (4000–400) cm−1. 

Identification of functional groups presented in 

the sample were recorded at room temperature, 

the dried extract and synthesized ZnO-NPs were 

carried out by the KBr pellet method. The 

presence of the various vibrational modes in 

aqueous extract and synthesized ZnO-NPs were 

investigated.  

 

3- X-ray diffraction (XRD)  

To determine the average crystalline size of 

biosynthesized ZnO-NPs and identification its 

crystalline features were characterized by XRD 

technique using (XRD-600, SHIMADZU, Japan) 

with Cu Kα radiation (Voltage = 40 kV, Current 

=30 mA, λ=1.5406 Å, scan rate of 5.0o min-1 and 

scan range of 2θ from 20 – 80o). From the XRD 

data obtained, the crystalline size of the 

synthesized ZnO-NPs was calculated according 

to Debye–Scherrer’s equation (13). 

𝐷 =
𝑘λ

𝛽 𝐶𝑜𝑠 Ɵ 
 

Where, D is the average crystalline size, λ is the 

wavelength of X-ray (1.5406 Å), Ɵ is the Bragg’s 

diffraction angle, β is the XRD peak full width at 
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half maximum (FWHM) of the peak in radians, 

and k is the shape factor or Scherer`s constant 

(0.98). 

 

4- Transmission Electron Microscopy (TEM) 

Transmission electron microscopy (TEM) is a 

microscopy technique whereby a beam of 

electrons is transmitted through an ultra-thin 

sample and interacting with it to form image 

involved information about the structure, 

crystallization, morphology and stress of a 

substance. TEM images for synthesized ZnO-

NPs were investigated using a (JEOL JEM-1200 

EX, Japan) transmission electron microscope 

operating at 100 kV. For TEM characterization, 

the ultrasound bath was used to diffuse a small 

amount of ZnO NPs into ethanol. The size and 

morphology of ZnO-NPs was investigated by 

suspending 0.01 g of the ZnO-NPs in 100 mL 

95% ethanol and sonicating the suspension for 20 

min. 

 

Experimental animals 

The experiment was carried out at the laboratory 

animal facilities- College of Sciences-University 

of Kufa, which has capabilities for working with 

laboratory animals. Thirty-six adult male of the 

species Rattus norvegicus that were in good 

condition and weighed between 200 and 205 g 

each were unsealed. These rats were obtained 

from the animal house at the Faculty of Sciences 

-University of Kufa. Prior to their usage, rats 

were housed in an animal home for two weeks in 

order to acclimate them to the conditions of the 

laboratory. The research was conducted from the 

beginning of May through the middle of August 

2022. These animals were housed in a controlled 

setting that maintained constant parameters of 

temperature (25-27 °C) and relative humidity 

(50-60 %). The animals were separated and put 

in a cage made of plastic with diameters of 

50×35×15 cm (14).           

 

The Experimental Design 

Thirty-six male rats were used in this study and 

divided into six equal groups; each group 

consisted of 6 male rats as follows: 

1-First group (G-I): Rats received of 0.5 ml 

DMSO (5% v/v) one time daily for 30 days. 

2- Second group (G-II): Rats were gavaged 0.5 

ml of adenine (100 mg/kg. BW) dissolved by 

DMSO one time daily for 30 days to induce renal 

failure. The dose of adenine was chosen from the 

previous study by (15) based on the original 

method by (16). 

3-Third group (G-III): Rats were received 0.5 ml 

of ZnO-NPs (10 mg/kg B.W) one time daily for 

30 days (17).  

4-Fourth group (G-IV): Rats were received 0.5 

ml of Z.-Spina Christi leaves extract (10 mg/kg 

B.W) one time daily for 30 days. The dose of Z.-

Spina Christi leave extract according to (18).   

5- Fifth group (G-V): Rats were co-administrated 

0.25 ml of adenine (100 mg/kg.BW) and 0.25 ml 

of ZnO-NPs (10 mg/kg B.W) at the same time for 

30 days (19).  

6-Sixth group (G-VI): Rats were co-

administrated 0.25 ml of adenine (100 

mg/kg.BW) and 0.25 ml Z.-Spina Christi leaves 

extract (10 mg/kg B.W) at the same time for 30 

days (20).  

The rats were weighed and recorded the weights 

before the beginning of the treatment and weekly 

during the treatment period.  

 

Collection of blood  

Blood Specimens   

After 30 days of experiment rats were 

anesthetized by placing them in a closed jar 

containing cotton rinsed with chloroform to be 

sedated for the next step, which is blood 

collection via cardiac puncture in sterile syringes 

by needle prick in the heart draining 5ml of blood 

carefully, then blood placed in a test tube 

containing gel which leaves for 30 minutes at 

room temperature, and then used for obtaining 

serum by centrifuging at 3000 for 15 minutes. 

The serum was then divided into 1.5 ml 

Eppendorf tubes and stored at (-20°C) for further 

examinations. 
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Tissue Sampling  

After collecting blood and puncturing the heart, 

rats were killed by dislocating their necks. The 

kidney was then carefully isolated. Each animal's 

kidney tissue samples were weighed, washed 

with saline, fixed in 10% neutral formalin, and 

paraffin-embedded. Hematoxylin and eosin (H & 

E) were used to stain 5-μm-thick sections for the 

histological evaluation. Using a light microscope 

(Olympus BH-2, Tokyo, Japan), histological 

changes in the rat kidney were evaluated. 

 

Biochemical analysis 

Evaluation of kidney function tests 

kidney function tests of rat serums (uric acid, 

urea, and creatinine) were 

spectrophotometrically determined according to 

special kits.  

 

Assessments of antioxidants statues 

The antioxidants statues which included total 

antioxidant capacity (TAC), catalase (CAT) and 

oxidative stress parameters malondialdehyde 

(MDA) as a marker for lipid peroxidation, were 

analyzed spectrophotometrically in order using 

special diagnostic kits. 

 

 

Statistical Analysis 

One-way analysis of variance (ANOVA) and 

Tukey post hoc test were used to identify 

statistically significant differences between the 

means at the P 0.05 level, and the findings were 

reported as mean ± standard deviation (SD) of the 

groups under study. Statistical Package for the 

Social Sciences was used for all analyses 

(Version 19, SPSS Inc., Chicago, IL, USA). 

 

RESULTS  

Biosynthesis of zinc Oxide Nanoparticles 

By using color changes, synthesis of ZnO-NPs 

can be detected. Furthermore, this change in 

color was observed after the 15 minutes when 

mixed of zinc nitrate hexahydrate salt solution 

with the aqueous extract of Z.-spina Christi 

leaves. The principal behind nanoparticles 

produce is Zinc nitrate hexahydrate reduced into 

ZnO-NPs and color of solution was changed from 

yellow into deep yellow and the intensity of color 

increased with the time until the solution change 

into the brownish colored pellet (Fig. 1-a), that 

indicated the point of metallic nanoparticles 

synthesis. nanoparticles synthesis process was 

detected by UV-visible spectroscopy. Finally, the 

pellet of ZnO NPs was dried at 300 °C for 1 hr 

after the completion of process yellowish-white 

color ZnO-NPs powder were obtained (fig.1-b). 

 

 

FIGURE 1: (a) The gradual change in the color of the synthesized ZnO-NPs from Z.-spina Christi 

leaves and zinc nitrate hexahydrate with time (0 min- 48 hours). (b) Yellowish-white powder of 

ZnO-NPs. 
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Characterization of Zinc Oxide Nanoparticles 

Ultraviolet-Visible Spectroscopy (UV-Vis 

Spectroscopy) 

The UV-vis absorbance spectra were obtained at 

room temperature in the range of 200-700 nm to 

explore the optical property of the biosynthesized 

ZnO-NPs (Fig. 2-a), where the significant 

absorption peak at 362 nm corresponds to the 

optical absorption of the ZnO-NPs produced. 

The strength of the absorption peak enhanced as 

the duration of mixing Z.-spina Christi leaves 

extract with an aqueous solution of Zn 

(NO3)2.6H2O increased. Even after 24 hours, the 

absorbance remained constant, showing that the 

reaction was complete and the ZnO-NPs 

generated were stable at room temperature 

without agglomeration (fig. 2-b). 

The reaction temperature is critical in the 

synthesis of ZnO-NPs. The effect of varying 

temperatures on ZnO-NPs production is 

investigated at temperatures ranging from 40 to 

70 degrees Celsius. As shown in figure 2.c, no 

characteristic absorption peaks were observed at 

lower temperatures of 40 and 50 degrees Celsius, 

whereas characteristic absorption peaks were 

observed at higher temperatures (60 and 70 

degrees Celsius). As compared to other 

temperatures, the maximum synthesis of ZnO-

NPs was observed at 60°C, and a sharp peak was 

found by UV-vis spectrophotometer at 362 nm.  

Synthesis of ZnO-NPs with respect to variation 

of solution pH from acidic to basic medium is 

shown in (fig. 2-d), absorbance of the synthesized 

ZnO-NPs was observed gradually (from pH 5 to 

pH 10). At a lower solution pH (pH 5 to pH 6), 

observed no characteristics absorption peak of 

ZnO-NPs. On the other hand, increasing pH to 7 

with 0.5M NaOH, the absorption spectrum 

exhibits a shift to 340 nm indicating the 

production of ZnO-NPs. When pH of the reaction 

mixture is greater than pH 7, the absorbance of 

synthesized ZnO-NPs was increased from pH 8.0 

to pH 9.0, while decreased between pH 9.0 and 

pH 10.0. The results showed at high solution pH 

(pH 9.0), the characteristic absorption peak of the 

synthesized ZnO-NPs observed at 362 nm (fig. 2-

d).  

 

 

FIGURE 2: UV-Visible spectra: (a) for the ZnO-NPs synthesized at 362 nm. (b) At different time 

of incubation. (c) Effect the temperature on Zn-NPs synthesizes. (d) At different pH. 
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Fourier Transform Infrared Spectroscopy (FT-

IR)  

Identifying and comparison of functional groups 

between synthesized ZnO-NPs using Z.-spina 

Christi leaves extract and the Z.-spina Christi 

leaves extract alone is shown in Figure 3. FT-IR 

spectrum of Z.-spina Christi leaves extract alone 

(fig. 3-a) showed the broad band observed at 

3377.36 cm-1 corresponds to O-H stretching of 

phenolic and alcoholic compounds as well as 

carbohydrates (21). Besides, the peaks at 2917.94 

cm-1 to 2612.71 cm-1 correspond to the 

symmetric and asymmetric stretching vibrations 

of C-H in -CH3 and -CH2- of aliphatic 

hydrocarbons chains, 1648.58 cm-1 (C=O 

stretching vibration) related to flavonoid and 

amino acids or carboxylic acid salt (COO-) (22). 

Moreover, 1572.48 cm-1 (O–H bending 

vibrations), 1388.75 cm-1 (C–O stretching of the 

ester group), 1255.66 cm-1 (C–O asymmetric 

stretching in cyclic polyphenolic compounds), 

and 1058.92 cm-1 to 619.18 cm-1 indicating the 

presence of (C–N stretch) aromatic amines and 

alkyl halides respectively (23). The vibrational 

bands above were mostly found in the Z. spina-

Christi leaves extract. These peaks were 

disappeared or shifted to lower frequency 

indicates the successful participation of 

phytochemicals compounds was presented in the 

Z. spina-Christi leaves as reducing and 

stabilizing agents in the synthesis of ZnO-NPs 

(24), that facilitates the conversion of metal ions 

to metal-NPs. This is shown by the peak for the 

shifted carbonyl groups (C=O) at 1612.48 cm-1. 

The shifted peaks were, 3377.36 cm-1 to 3415.83 

cm-1, 2917.94 cm-1 to 2911.76 cm-1, 1648.58 

cm-1 to 1612.48 cm-1, 1588.63 cm-1 to 

1496.69cm-1, 1255.66 cm-1 to 1202.14 cm-1 and 

1058.92 cm-1 to 1031.92cm-1. Furthermore, the 

significant vibration of stretching peaks appeared 

at 451.34 cm-1, 445.56 cm-1 and 424.34 cm-1 

(fig. 3-b), corresponding to Zn-O vibrational 

stretching that further confirmed the formation of 

ZnO-NPs.                                                                                                              

 

 

FIGURE 3: FT-IR spectrum, (a) Z.-spina Christi leaves extract powder. (b) ZnO-NPs synthesized. 
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X-ray Diffraction (XRD) 

The nanoparticles synthesized were studied and 

confirmed by using XRD technique to determine 

their phases, structures, and crystal orientations. 

The observed diffraction peaks of the 

biosynthesized ZnO-NPs in terms of intensities 

and positions were at 2θ 31.77o (100), 33.21o 

(002), 36.59o (101), 44.64o (102), 48.74o (110), 

55.91o (103), 63.27 o (200), 66.12o (112), 

69.09o (201) 73.73o (004), and 76.57o (202) as 

shown in figure 4 which strongly detected the 

hexagonal wurtzite structure of ZnO-NPs. 

Based on the FWHM of most intense diffraction 

peaks table (1) (100%), (66%) and (41%) at 2θ 

with 36.59o (101), 33.21o (002), 31.77o (100) 

respectively. Using Debye-Scherrer equation, 

average crystalline size was calculated to be 

38.177 nm confirming the nano size for the 

synthesized ZnO-NPs. 

 

 

 

FIGURE 4: X-Ray diffraction (XRD) of synthesized ZnO-NPs from Z.-spina Christi leaves extract. 

 

Transmission Electron Microscopy (TEM) 

The size distribution and morphological 

characters of ZnO-NPs was observed under TEM 

analysis (Fig. 5-a, b) were uniform in size. 

Agglomeration was common, due to the ultra‐

small size and high surface energy of ZnO-NPs. 

Also, TEM micrographs showed most the ZnO-

NPs were presented in a spherical shape. The 

histogram of the size distribution of ZnO-NPs 

was generated in based on TEM data (fig. 5-c). 

The majority of ZnO NPs measured fell in the 

range of 35 - 50 nm in diameter with an average 

size of 43.35 nm in diameter.  
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FIGURE 5: TEM micrograph of synthesized ZnO-NPs from Z.-spina Christi leaves extract. (a) 

Scale at 100 nm. (b) Scale at 200 nm. (c) The size distribution histogram of ZnO-NPs. 

 

Effects of ZnO-NPs and Z.-Spina Christi leaves 

extract on body weight and kidney biochemical 

parameters with renal failure induced by 

adenine 

In this study, healthy male rats treated with ZnO-

NPs and aqueous extract of Z.-Spina Christi 

leaves for sequential 30 days displayed some 

important abnormal changes in the biochemical 

parameter levels. These parameters changes are 

slightly insignificant compared to those caused 

by disease induction "adenine‑induced renal 

failure" and have not lived up enough to cause 

any detected histological changes in both kidney 

and liver tissue sections as showed during the 

normal renal architectures. 

   

1- Effect on Body weight changes 

The statistical analysis demonstrated the effect of 

ZnO-NPs on the bodies weight (gm) of male rats. 

As shown in table 1, control group rats were  

grown during the experiment by about (10 ± 2 

gm) after gavaged DMSO only. Adenine groups 

rats significantly decreased in body weight 

starting from the 2nd week of administration to 

the end of the 4th week in comparison to control 

group rats (P˂0.001). The body weight of rats 

with oral administration of ZnO-NPs (10 mg/kg 

B.W) alone significantly decreased when 

compared to the control group (P˂0.05), but their 

weights elevated when compared to the adenine 

group (Table1), while the body weights of rats 

treated with Z.-Spina Christi leaves extract (10 

mg/kg B.W) slightly decreased (P=0.04) in 

comparison to the control group. Finally, body 

weights were a significantly increased (P˂0.02) 

after co‑administration of adenine plus ZnO-NPs 

(10 mg/kg B.W) or adenine plus Z.-Spina Christi 

leaves extract (10 mg/kg B.W) at the same time 

(G-V and G-VI) when compared to the adenine 

group, but their weights still lower by 

comparison to control group.  
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TABLE 1: Effect of ZnO-NPs and Z.-Spina Christi leaves extract on adenine-induced body weight 

changes. 

Period time 

Groups 

Day-0 

Weight (gm) 

Week-1 

Weight (gm) 

Week-2 

Weight (gm) 

Week-3 

Weight (gm) 

Week-4 

Weight (gm) 

G-I  204.19±0.32 206.98±0.35 209.74±1.29 212.16±0.96 215.85±0.48 

G-II 204.23±0.05 197.52±0.06 193.03±0.26 187.54±0.73 182.38±1.13 

G-III  204.27±0.06 205.14±0.46 207.65±0.57 209.85±0.59 211.50±0.67 

G-1V 204.08±0.29 206.13±0.57 208.96±0.62 211.35±0.66 214.69±0.81 

G-V  204.25±0.10 201.16±0.16 197.23±1.06 194.41±1.19 191.26±1.64 

G-VI  204.36±0.43 203.26±0.64 199.51±0.91 196.84±0.38 194.35±0.59 

Tukey Test 0.317 0.422 0.846 0.863 1.513 

Notes: Values in the table are expressed as mean 

± SD. n=6 male rats in each group, P ≤0.05 (One-

Way ANOVA followed by Tukey post-hoc test). 

SD: Standard deviation. 

G-I: Control group, G-II: Adenine group, G-III: 

ZnO-NPs, G1V: Z.-Spina Christi leaves extract 

group, G-V: Adenine + ZnO-NPs, G-VI: 

Adenine + Z.-Spina Christi leaves extract group. 

 

2- Effect on kidney function tests  

The results in table 2 showed the rats treated with 

adenine led a significant increase (P˂0.001) in 

serum concentrations of uric acid, urea, and 

creatinine when compared to the control group. 

These parameters significantly reduced (P˂0.05) 

after administration of rats with ZnO-NPs at a 

dose (10 mg/kg B.W) (G-III) when compared to 

the adenine group, but not completely restored 

these changes as in the control group, also 

showed the slightly significant elevation (P˂ 

0.05) in serum concentrations of uric acid, urea 

and creatinine in rats administered with Z.-Spina 

Christi leaves extract (G-IV). At the same table, 

results as showed in the both treatment groups 

(G-V and G-VI), co-administration of adenine 

plus ZnO-NPs (10 mg/kg B.W) or adenine plus 

Z.-Spina Christi leaves extract (10% w/v), 

resulted in a significant reduction (P˂ 0.05) in 

serum concentrations of uric acid, urea and 

creatinine in comparison to adenine group, but 

their values still elevated when comparing to 

control group (P˂ 0.03).  

 

 

TABLE 2: Effect of ZnO-NPs and Z.-Spina Christi l. extract on kidney function Parameters in 

serum of rats within induced chronic renal failure 

Parameters 

Groups 

Uric acid  

mg/dl 

Urea 

 mg/dl 

Creatinine  

mg/dl 

G-I  1.24±0.08 13.66±1.10 0.26±0.03 

G-II 3.22±0.19 105.88±1.96 0.84±0.05 

G-III  1.68±0.10 16.07±2.20  0.31±0.04  

G-1V 1.31±0.09  14.05±1.37  0.29±0.03  

G-V  2.73±0.14  87.03±1.60  0.68+0.01  

G-VI  2.48±0.15  73.41±0.93  0.51±0.01  

Tukey Test 0.094 1.705 0.023 
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Notes: Values in the table are expressed as mean 

± SD. n=6 male rats in each group, P ≤0.05 (One-

Way ANOVA followed by Tukey post-hoc test). 

SD: Standard deviation. 

G-I: Control group, G-II: Adenine group, G-III: 

ZnO-NPs, G1V: Z.-Spina Christi leaves extract 

group, G-V: Adenine + ZnO-NPs, G-VI: 

Adenine + Z.-Spina Christi leaves extract group. 

 

3- Effect on antioxidants statues 

Results in table 3 showed the antioxidant levels, 

TAC, CAT, and MDA, where noticed that TAC 

and CAT levels were remarkably reduced while 

MDA concentration was significantly elevated 

after the male rats administrated with adenine (G-

II) in comparison to the control group (P> 0.02). 

Group rats after administration of ZnO-NPs (10 

mg/kg B.W) significantly increased TAC and CAT 

levels when compared to the adenine group, but 

significantly less decreased in comparison to the  

control group, while MDA concentration 

significantly reduced when compared to the 

adenine group, but still less high in comparison 

with the control group (P˂ 0.05). Moreover, as 

shown in table 3, rats when administered of Z.-

Spina Christi leaves extract (10 mg/kg B.W) 

revealed a slight difference in TAC, CAT and, 

MDA levels when compared to the control group 

(P˂ 0.05). Finally, the co‑administrated of 

adenine plus ZnO-NPs (10 mg/kg B.W) (G-V) or 

adenine plus Z.-Spina Christi leaves extract (10 

mg/kg B.W) (G-VI) resulted in a significant 

increase in TAC and CAT levels compared to the 

adenine group (P˂ 0.05), but still lower when 

comparison to the control group (P˂ 0.04), this 

increase was accompanied with a significant 

reduction in MDA concentration when compared 

to adenine group (P˂ 0.05), but was significantly 

increased when compared to the control group 

(P˂ 0.04).  

 

 

TABLE 3: The Effect of ZnO-NPs and Ziziphus-Spina Christi leaves extract on the antioxidant 

levels in serum of rats within chronic renal failure. 

Parameters 

Groups 

TAC 

(μmol/ml) 

CAT 

U/ml 

MDA 

(μmol/ml) 

G-I  17.56±0.80 10.83±1.37 0.49±0.02 

G-II 6.84±0.87 1.69±0.03 4.16±0.41 

G-III  15.45±0.17 9.15±0.69 0.62±0.10 

G-1V 16.94±0.84 10.13±1.25 0.54±0.06 

G-V  9.71±0.07 2.74±0.25 3.53±0.37 

G-VI  13.52±0.61 6.75±0.33 2.29±0.30 

Tukey Test 0.642 0.917 0.238 

Notes: Values in the table are expressed as mean 

± SD. n=6 male rats in each group. Means in the 

same column with different superscript letter(s) 

are significantly different, P ≤0.05 (one-way 

ANOVA followed by Tukey post-hoc test). SD: 

Standard deviation. 

TAC = total anti-oxidant capacity, CAT = 

catalase, MDA= malonaldehyde. 

G-I: Control group, G-II: Adenine group, G-III: 

ZnO-NPs, G1V: Z.-Spina Christi leaves extract 

group, G-V: Adenine + ZnO-NPs, G-VI: 

Adenine + Z.-Spina Christi leaves extract group. 

4- Histological Study 

Figure 6 showed the results of a histological 

study of the kidney tissue from male rats for six 

groups after 30 days of dosage. The kidneys of 

control rats (G-I) showed no marker of damage, 

normal renal cortexes, normal renal architecture 

and, normal nephritic tubules (Fig. 6-K1). 

Histological markers of second group rats (G-II) 

with adenine-administered showed significant 

acute damage of the renal tissue. Their kidneys 

showed renal vein congestion and hypertrophy of 

renal glomeruli, besides necrosis and dilation of 

normal renal tubular (Fig. 6-K2). Third group rats 
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(G-III) that administrated with ZnO-NPs (10 

mg/kg B.W) showed that slightly inflammatory 

around blood vessels, but no significant 

glomerular changes (Fig. 6-K3). Also, the rats in 

fourth group (G-IV) when administration of Z.-

Spina Christi leaves extract (10 mg/kg B.W) 

showed the histological changes that involves: 

the normal structure of the renal cortex except the  

less degradation of some renal tubules (Fig. 6-

K4). The kidneys of both fifth and sixth groups 

rats when co-administration of adenine plus Z.-

Spina Christi leaves extract (G-V) or adenine 

plus ZnO-NPs (10 mg/kg B.W) (G-VI) lead to a 

significantly lowered the markers and 

histological features were improved to normal 

when comparison with adenine group rats (Fig. 

6-K5 and K6). 

 

FIGURE 6: Effects of ZnO-NPs and Z.-Spina Christi leaves extract on the histological appearance 

of kidney tissues in male rats with chronic renal failure induced by adenine. The tissue is stained by 

H&E satin and the section is captured using light microscope and digital camera at 10X 

magnification scale. K1: Kidney of male rats in (control group) were treated with DMSO only that 

shows normal renal glomerulus (black arrows) and normal renal tubules (red arrows) without any 

significant occupied lesion. K2: Kidney of male rats were treated with (Adenine) shows acute renal 

glomerulus hypertrophy (Black arrows) with expansion in tubular lumen and the renal glomeruli 

show severe atrophied lesion in some area of section (Red arrows) and clear renal vein congestion 

(Blue arrow). K3: Kidney of male rats were treated with (ZnO-NPs 10 mg/kg.bw) shows normal 

renal glomerulus (Red arrows) except slight degeneration and cystic extended of normal renal 

tubules (Black arrow) without any significant occupied lesion (SOL). K4: Kidney of male rats were 

treated with (Z.-Spina Christi leaves extract (10 mg/kg B.W)) shows no significant change in renal 

glomerulus (Red arrows), but there very less narrowing in tubular lumen without any significant 

occupied lesion (Black arrows). K5: Kidney of male rats were treated with (Adenine + ZnO-NPs (10 

mg/kg B.W)) shows renal glomerular hypertrophy (Red arrows) with very slight narrowing in 

tubular lumen (Black arrows). K6: Kidney of male rats were treated with (Adenine + Z.-Spina 

Christi leaves extract (10 mg/kg B.W)) shows renal tubular hypertrophy or many intact tubules 
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(Black arrows) with less narrowing in tubular lumen and the renal glomerular tuft show very mild 

atrophied lesion in some area of section (Red arrows) 20X. 

 

DISCUSSION  

The synthesis of ZnO-NPs using biological 

techniques has received a lot of interest recently, 

mainly to its safety, eco-friendliness, and low 

cost, in addition to the removal of high energy or 

harmful chemical by-products utilized in 

chemical methods (25). Moreover, 

phytochemicals included in plant extracts have 

an important function in reducing, capping, and 

stabilizing nanoparticles. The flavonoids found 

in Z.-spina Christi leaves are important 

reductants of metal precursor salts. 

Several scientists shown that reaction time is an 

important parameter in the synthesis of ZnO-

NPs, where reaction time is defined as the time 

necessary to completely reduce the metal ions. 

The results show that no absorption peak was 

found from 15 minutes to 1 hour (Fig. 2-b), yet 

once the reaction time reached 2 hours, the 

distinctive absorption peak was observed at 362 

nm. This is consistent with prior research on 

Catharanthus roseus leaves, where the 

observation peak was likewise observed at 2 h 

(26), and on C. roseus, where observation peak 

was likewise observed at 2 h (27). The rise in 

absorbance intensity over time indicates that the 

nucleation and growth processes for ZnO-NPs 

have begun (28). The progressive variations in 

color of the combination were tracked by 

monitoring UV-visible absorption over time; this 

color shift was caused by the presence of 

bioactive chemicals in the Z.-spina Christi leaves 

extract. Zinc ion reduction is caused by a variety 

of phytochemicals. Since phenols and flavonoids 

contain a lot of OH groups, they function as 

stabilizers and bio-reducers of zinc compounds 

into zinc oxide nanoparticles (29). 

Surprisingly, temperatures had a considerable 

influence on the synthesis of ZnO-NPs (Fig. 2-c), 

When the temperature was changed to 60°C, the 

typical absorption peak at 362 nm was detected. 

The higher the activation energy of the 

molecules, the faster the reaction rate, resulting 

in a decrease in the size of the nanoparticles and 

the formation of monodispersed smaller-sized 

nanoparticles. The current study discovered that 

when temperature increases, the size of ZnO-NPs 

decreases, as evidenced by the sharp and thin 

surface plasmon resonance (SPR) peaks (30). 

UV-visible spectroscopy data from ZnO-NPs 

synthesized at various temperatures revealed 

peaks at 376 nm, 370 nm, 362 nm, and 348 nm 

for 40◦C, 50◦C, 60◦C, 70◦C respectively (Fig. 2-

c). 

 The effect of pH on the synthesis of ZnO-NPs is 

significant. It was discovered that at pH 9.0, the 

characteristic absorption peak of ZnO-NPs was 

observed at 362 nm (Fig. 2-d), indicating that 

metal oxide reduction and zinc nitrate 

hexahydrate was converted to ZnO-NPs, whereas 

when the reaction medium was at alkaline 

condition that was more favorable to the 

synthesis of ZnO-NPs than acidic or neutral 

condition. The influence of pH (5.0-10.0) on the 

synthesis of ZnO-NPs using Aloe vera skin 

extract (31) discovered that the optimal pH 

required for the biosynthesis of ZnO-NPs was 

8.0, which was similar to our results. As a result, 

ZnO-NPs were formed at pH 9.0 in the following 

experiments. 

The FT-IR spectrum validated the production of 

ZnO-NPs by comparing the positions and 

intensities of peaks in Z.-spina Christi leaf extract 

to those generated in ZnO-NPs. The results 

demonstrated that the band locations and 

absorption intensities from the plant extract peak 

had changed, and that new peaks appeared in the 

FT-IR spectra of the produced ZnO-NPs. The 

observed spectra suggested that biological 

substances produced by Z.-spina Christi leaf 

extract were involved in the reduction and 

capping of ZnO-NPs. In this work, Zn2+ is 

postulated to react with biological components 

found in Z.-spina Christi leaves extract, such as 

flavonoids, phenolic compounds, alkaloids, 

amino acids, tannins, and carbohydrates, to 

stimulate the production of ZnO-NPs and to act 

as a capping and stabilizing agent. Additionally, 

peaks at 451.34, 445.56, and 424.34 cm-1 in the 

ZnO-NPs spectra match ZnO core bands that are 
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lacking in Z.-spina Christi leaf extract, verifying 

the nature of ZnO-NPs. This discovery was 

consistent with previous research, which found 

multiple Zn-O bands at 416.14, 515, and 618 cm-

1 (32,33). As a result, biological synthesis does 

not require any chemical sources for stabilizers, 

which is an advantage over chemical synthesis. 

As an X-ray passes through a particle crystal, a 

diffraction pattern is formed, which gives 

information on the atomic arrangement within 

the crystals. The peaks in the XRD diffractogram 

(Fig. 4) appeared to be broadening, revealing that 

perhaps the ZnO-NPs were formed on the 

nanoscale. When compared with the Joint 

Committee on Powder Diffraction Standards 

(JCPDS) Card No. 36-1451, the most intense 

diffraction peaks found were indexed as the 

hexagonal wurtzite structure of ZnO-NPs with 

high crystallinity, as illustrated in Figure 4. All of 

the distinctive peaks were found to be ZnO-NPs, 

and no such impurities were found in produced 

ZnO-NPs. These findings were consistent with 

earlier researches (34,35). 

The TEM method was used to examine the 

biosynthesized ZnO-NPs. The acquired 

micrographs show that the biosynthesized ZnO-

NPs were agglomerated particles that were 

spherical and hexagonal in shape, with an 

average particle size of 43.35 nm. The existence 

of halo rings shows that these particles are 

amorphous in certain areas. The existence of 

spherical particles is attributed to an amorphous 

phase with no crystallographic orientation. ZnO-

NPs are capped by hexagonal molecules and 

biomolecules. Similar hexagonal molecules have 

been found in ZnO-NPs synthesis in Euphorbia 

jatropha plants (36). Figures exhibit TEM 

pictures of the synthesized ZnO-NPs that are 

nano-crystalline (Fig. 5-a, b). The biomolecules 

found in Z.-Spina Christi leaf extract influenced 

the formation of ZnO ZnO-NPs. These findings 

are consistent with earlier publications (37,38). 

In vivo studies on the effects of ZnO-NPs and Z.-

Spina Christi leaf extract on rats with adenine-

induced chronic kidney disease (CKD). Our 

findings suggest that administering ZnO-NPs and 

Z.-Spina Christi leaf extract to healthy male rats 

is not entirely risk-free. The adenine induced 

renal failure model provides significant 

information regarding the route mechanism of 

different renal shortage problems. When 

compared to renal failure issues in people, it 

created metabolic exceptions in male rats, and it 

is used as a disease model to measure therapeutic 

action(39). 

The initial impact of ZnO-NPs on male rats in 

renal failure caused by adenine was examined in 

this work. Adenine administration to rats resulted 

in body weight loss due to the buildup of uremic 

toxins, which causes inflammation and activation 

of protein catabolic pathways, resulting in protein 

breakdown (40). Rats after 30 days of treatment 

with ZnO-NPs at concentrations of (10 mg/kg 

BW) showed a slight decrease in body weight; 

the decreases may be due to ZnO-NPs at this dose 

causing instability in protein degradation and 

lipid metabolism, resulting in an increase or 

decrease in body weight (41), depending on the 

effect of dose and treatment period. Moreover, 

ZnO-NPs may accumulate in numerous animal 

organs such as the kidney and liver, causing 

alterations in tissue functioning and, as a result, 

altering metabolic rate. Another study found that 

giving rats ZnO-NPs at different dosages (5, 50, 

and 100 mg/kg.BW) for 14 days resulted in a 

considerable reduction in body weight (42). In 

addition, research conducted by (43) on Wistar 

rats treated with ZnO-NPs at a concentration of 

(10 mg/kg.BW) revealed a non-significant 

influence on body weight increase, indicating the 

absence of hazardous indicators and mortality in 

adult male rats exposed to ZnO-NPs. Table 1 

shows that there was a less significant change in 

weights in all rats after treatment with aqueous 

leaf extract of Z. spina-Christi at a level of (10 

mg/kg.BW). The weight loss in these rats might 

be attributed to anti-nutritional bioactive 

components in the plant extract, such as tannin, 

flavonoids and phenolic compounds (44). 

When compared to the control group, there was 

an increase in blood levels of uric acid, urea, and 

creatinine in the second group rats (G-II). These 

findings were characterized by renal dysfunction, 

as evidenced by congestion and necrosis of the 

renal glomeruli, as well as degenerative changes 

and necrosis of the normal renal tubular 

epithelium lining renal tubules (45), because of 

these products accumulate in the bloodstream 
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and formation of 2,8–dihydroxyadenine crystals, 

result in high accumulation of different 

guanidino compounds such as (gaunidinosuric 

acid and methyl-guanidine) and nitrogenous 

compounds with renal failure (46). 

Administration of ZnO-NPs (10 mg/kg B.W) to 

rats in third group (G-III) showed that  significant 

differences (P<0.05) were observed in the levels 

of uric acid, urea, and creatinine in comparison to 

the control group, whereas administration of Z.-

Spina Christi leaves extract (10 mg/kg B.W)to 

rats in fourth group (G-IV) revealed a less 

significant difference in the levels of uric acid, 

urea, and creatinine in comparison to the control 

group (P˂ 0.05), this indicates that dosage of Z.-

Spina Christi leaves extract (10 mg/kg B.W) has 

no negative effect on the kidneys.  However, 

serum levels of uric acid, urea, and creatinine 

showed a significant decrease (P<0.05) after the 

administration of adenine plus ZnO-NPs (10 

mg/kg B.W) or adenine plus Z.-Spina Christi 

leaves extract ZnO-NPs (10 mg/kg B.W) at the 

same time in both fifth and sixth groups rats (G-

V and G-VI) by comparison to adenine group and 

a significant increase (P<0.03) with comparison 

to control rats, which evaluated that the 

synthesized ZnO-NPs and Z.-Spina Christi 

leaves might be able to avoid the damaged renal 

excretion, i.e., kidney alterations with adenine-

induced renal failure. These results are in 

agreement with previous study (47).  

found that adenine impaired antioxidant enzyme 

activity and significantly increased oxidative 

stress indicators in kidney tissue. Furthermore, as 

shown in table 3, the anti-inflammatory activities 

of ZnO-NPs and Z.-Spina Christi leaves extract 

are corroborated by a considerable rise in TAC 

and CAT levels linked with a decrease in MDA 

concentration.  Z.-Spina Christi leaves extract 

and ZnO-NPs were able to significantly decrease 

renal failure induced by adenine, but observed 

that the co‑administration of adenine plus Z.-

Spina Christi leaves extract (10 mg/kg B.W) (G-

VI) gave better results when compared to the 

adenine plus ZnO-NPs (10 mg/kg B.W)(G-V), 

noted that aqueous leaf extract of Z.-Spina 

Christi improved adenine-induced oxidative 

injury on the kidney by its antioxidant and free 

radical-scavenging properties. These results were 

harmonic with the previous record of (40) who 

suggested that the main mechanism for the 

beneficial action of gum acacia in adenine-

induced kidney disease via its antioxidant 

properties. Furthermore, the kidney was 

protected by the aqueous extract of Z.-Spina 

Christi leaves against adenine-induced toxicity 

due to its important contents of flavonoids, 

phenolic compounds, saponins and triterpenes 

(48).  

The results of the histological investigation 

matched those of the biochemical analysis. The 

histological analysis found that adenine caused 

stripping of the renal tubule epithelium due to its 

metabolite, DHA(2-8 dihydroxy adenine), which 

has low solubility and can precipitate in the renal 

tubules leading to their obstruction and 

development of uremia with exudate of 

inflammatory cells and glomeruli, significant 

dilation and necrosis of renal tubules as showed 

in (Fig. 6-K2) (49), this also due to that adenine 

increase creatinine and urea in plasma, and is 

capable of oxidative stress in renal tissue causing 

histological damage in the kidneys (50). The 

kidney of group rats when treated with the 

adenine plus ZnO-NPs (10 mg/kg B.W) or 

adenine plus Z.-Spina Christi leaves extract (10 

mg/kg B.W) (Fig. 6-K5 and K6) showed 

improvement the glomerular to normal renal 

tubules and normal histological appearance. 

These findings are consistent with previous plant 

research (51), these results show the synthesized 

ZnO-NPs and Z.-Spina Christi leaves extract 

protected the normal glomeruli and avoided 

damage as well as a little epithelial extended and 

mononuclear cell infiltration (52). According to 

pathological changes in renal tissue (fig. 6-K5 

and K6), the combined therapy for ZnO-NPs and 

Z.-Spina Christi leaves in their oral 

administrations possible that consider a defensive 

role to avoid damage of tubular and glomerular 

(53). The activity of reproductive epithelial cells 

in the renal tissues enhanced greatly following 

treatment with Z.-Spina Christi leaf extract. The 

antioxidant, anti-inflammatory, and analgesic 

properties of Z.-Spina Christi leaves extract can 

be attributed to the presence of some active 

biological components, flavonoids, and phenolic 

compounds that have the ability to scavenge free 
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radicals and active oxygen species such as singlet 

oxygen, free radicals, and hydroxyl radicals (54).  

 

CONCLUSION 

The biogenesis of zinc oxide nanoparticles was 

obtained in this study by employing Z.-spina 

Christi leaf extract as a reducing and capping 

agent. UV-visible, FTIR, XRD, and TEM studies 

were used to characterize ZnO-NPs. Our findings 

show that synthesized ZnO-NPs and aqueous leaf 

extract of Z.-spina Christi at (10 mg/kg B.W) 

respectively, have protective effects against renal 

failure induced by adenine in male rats, implying 

that they may be used safely against kidney 

damage at this concentration; no significant 

effects were observed in normal renal tissues, 

implying that they may be powerful antioxidant, 

anti-inflammatory, and antitoxic agents for 

commercial biomedical applications. 
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