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Summary

Zinc oxide nanoparticles (ZnO-NPs) ave been widely studied in
recent decades due to t eir nano-medicine applications based on t e
p ysiological and bioc emical agents often added as a food supplement
in animal diets. T is study aimed to synt esis and c aracterization of
(ZnO-NPs) by t e biological met od using t e plant extract and t en
investigated its effects in adenine-exposed male rats. Biosynt esized
ZnO-NPs were synt esized using t e crude aqueous extract of
Ziziphus-spina  christi leaves and zinc nitrate  exa ydrate
(Zn(NO3),.6H,0). T e reaction medium was maintained wit a
temperature of 60 'C and a pH of 9. T e ¢ ange of color from yellow to
brown indicates t e production of ZnO-NPs. T e produced ZnO-NPs
were ¢ aracterized using several tec niques. Ultraviolet-visible (UV-
Vis) spectrum s owed t e maximum peak at 362 nm, t is was strong
evidence for t e forming of ZnO-NPs. Fourier Transform-Infra Red
(FT-IR) spectrum revealed t e appearance of absorption peaks between
400 and 500 cm™ returned to Zn-O bonding. X-ray diffraction (XRD)
analysis revealed t at t e exagonal Wurtzite structure for
nanoparticles wit an average crystallite size was 38.177 nm.
Transmission electron microscopy (TEM) s owed t at nanoparticles

ad a sp erical s ape and fell in t e range of 35 - 45 nm in diameter,
also t e images of scanning electron microscope (SEM) s owed t ¢
semisp erical s ape and t ese particles are in a 1ig ly agglomerated
form wit an average particle size was ranged at diameter: D, (39.74
nm), D, (42.25 nm), and D; (48.19 nm). Finally, atomic force
microscopy (AFM) displays a uniform surface wit cone-like grains
covering t e surface of ZnO-NPs, and t e surface roug ness in t e
range of 42 to 45 nm. T irty-six male rats were used in t is study and

divided randomly into six equal groups (six rats eac ). Group-I



received orally dimet yl sulfoxide (5% v/v/day) alone for 30 days and
served as t e control group, group-II administrated adenine orally (100
mg/Kg. Bw/day) for 30 days, group III received Ziziphus-spina christi
leaves extract (10 mg/Kg. Bw/day) for 30 days, group-IV was
administrated ZnO-NPs (10 mg/Kg. Bw/day) for 30 days, group-V was
co-administrated adenine (100 mg/Kg. Bw/day) plus Ziziphus-spina
christi leaves extract (10 mg/Kg. Bw/day) for 30 days and t e last
group-VI received t e adenine combined wit ZnO-NPs in t e same
previous doses for 30 days. At t e end of t e experiment, t e kidney
function tests (uric acid, urea, and creatinine) and liver function tests
(alanine aminotransferase ALT, aspartate aminotransferase AST and
alkaline p osp atase ALP) were determined. Antioxidant status
(superoxide dismutase SOD, catalase CAT, total antioxidant capacity
TAC, and reduced glutat ione GSH) and oxidative stress
(Malondialde yde MDA and nitric oxide NO) were performed.
Furt ermore, istopat ological alterations of kidney and liver tissues
were investigated. In vivo of t is study, t e synt esized ZnO-NPs and
Ziziphus-spina christi leaves extract at a dose (10 mg/Kg. Bw) were
ex ibited t e potential effects against adenine-exposed male rats, t ese
confirmed by ameliorative growt rats and t e significant decreases in
kidney and liver function parameters, uric acid, urea, creatinine, ALT,
AST, and ALP in comparison to adenine exposed rats (P < 0.05).
Significant elevation was also demonstrated in antioxidants levels
SOD, CAT, TAC, and GSH associated wit depletion in oxidative stress
MDA and NO in bot treatment groups fift and sixt w en compared
to adenine group rats. Moreover, t ere were improvements in t e
marked istological ¢ anges of t e kidney and liver by comparing wit

t e adenine group. In conclusion, Ziziphus-spina christi leaves extract
and ZnO-NPs ave ameliorative effects against adenine-exposed male

rats, implying t at t ey may be used safely against kidney and liver
]



damage, and no significant effects were observed in normal renal and
epatocyte tissues, indicating t at t ey may be powerful antioxidant,

anti-inflammatory, and antitoxic agents for biomedical applications.
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Chapter One Introduction and Literature Review

1-1 Introduction

In t e few past years, nanoparticles ave been different
applications because t ey are reliable to provide a broad range of
unusual uses and improved tec nologies for multiple applications suc
as industry, environment, medicine, and communications [1]. One of
t e reasons be ind t e intense interest is t at nanoparticle permits t e
preparation of substances w ere at least one dimension of t e structure
normally ranged from1to100 nanometers, w ic is 1.000 times smaller
t an a micron. Nanoparticles are comparable to naturally occurring
proteins and molecules int € uman cell, and t e great interest is due
to t eir small size and large surface area to volume ratio [2], [3]. T e
biological activity of nanoparticles increased as t e total surface area of
t e particles increased, w ic gives rise to some of t e superior
properties to t eir bulk p ase suc as antimicrobial, catalytic,
electronic, magnetic, and optical properties [4], [5].

Medicinal plants are a great role to useful for medicine purposes
to reduce diseases and improve uman ealt . T e medicinal
advantages of t ese plants involved in some ¢ emical compounds t at
produce a specific p ysiological action t at can be used int e synt esis
and production of drugs, due to t e acceptability, compatibility,
adaptability, and t e little or no side effects of t ese natural drugs on
t ¢ uman body [6]. Biologically synt esized nanoparticles from plant
extracts are usually prepared from t e biological part of plants. Plant
parts, for instance, leaf, root, stem, and seed, are widely used for
synt esizing metal-NPs. Moreover, plant extracts contain bioactive
compounds (p ytoc emicals) suc as flavonoids, followed by saponins,
carbo ydrates, alkaloids, steroids, coumarins, quinines, fats and

p enolic compounds, etc. [7]. P ytoc emical constituents are playing a
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significant role in reducing t e metallic ions and later stabilizing t em
[8].

Metal oxide nanoparticles (MO-NPs) ave been widely studied in
recent years because t ey are ig valuable materials in various fields
among t em drug and ealt -related industries [9]. Some of MO-NPs
were utilized in t e t erapy and clinical practice as well as promoting
wound ealing and antioxidant, nanoparticles of oxides suc as
titantum oxide (TiO,), silver oxide (AgO), zinc oxide (ZnO),
magnesium oxide (MgO), cerium oxide (CeQO,), iron oxide (Fe,03),
cadmium oxide (CdO), nickel oxide (NiO) and zirconium oxide (ZrO)
[10]. T ese MO-NPs are t e most promising candidates for
biomedicine, wit a considerable amount of researc data available in
recent literature regarding t eir biological in vitro and in vivo activity.
Moreover, due to t eir reduced size, MO-NPs can interact on t € more
in-dept level wit various cellular structures compared to t eir bulk
counterparts, and, more importantly, t ey do not cause toxicity due to
t eir 1g ly improved biocompatibility [11]. Among metal oxide
nanoparticles, ZnO-NPs w ic are a nontoxic, biocompatible
biomaterial, wit unique abilities t at may vary depending on t eir
size, s ape, orientation, morp ology and aspect ratio.

Biological synt esis of ZnO-NPs using plant extracts or
microorganisms suc as bacteria and fungi as attracted t e great
consideration from many researc ers because of t e advantages it as
overt e ¢ emical and p ysical met ods, Plant extracts ave been more
advantageous over t ¢ microbes and fungi because it does not require

ig 1solation cost, cultivation, and maintenance, additionally can be

obtained an agreeable yield in a s ort time [12].

T e improvement effects of ZnO-NPs on oxidative stress were

observed in rats, birds and fis w en t e toxic materials led to a
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significant increase in malonalde yde (MDA) and decrease in
superoxide dismutase (SOD) and catalase (CAT) activities, w ile
concentrations of MDA was significantly reduced and activities of
SOD and CAT significantly increased after treatment wit ZnO-NPs
[13-15]. Zinc concentration was increased from t e dissociation of
ZnO-NPs, w eret ezincist e core constituent of antioxidant enzymes
(as superoxide dismutase) and it is a protector for sulf ydryl groups
and impair lipid peroxidation by displacing transition metals (as copper
and iron) from catalytic sites [16]. Finally, ZnO-NPs are protected cell
membranes against oxidative damage, decrease free radicals and lipid
peroxidation levels, as well as increase t e antioxidant enzyme levels,

and t en protect against kidney diseases [17].
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1-2. Literature review
1-2-1 Ziziphus-spina christi Plant

Traditional plants use as a main source of popular medicines by
many people in the world. So, in many developing countries, a large
proportion of the population depends on traditional plants, and concern
much research on medicinal plants in order to meet health care needs.
Although modern medicine may exist side by side with such traditional
practices, herbal medicines have often maintained their popularity for
historical and cultural reasons [18]. The high concentrations of
phytochemical contents in some plants draw attention to evaluate their
possible health enhancing effects [19]. Due to artificial drugs are not
always inexpensive or safe, many previous studies were performed to
investigate new natural molecules that have vital activity, which is
considered to be safe and without side effects [20], [21]. An example of
such plants is Ziziphus -spina christi that belongs to the Rhamnaceous
family (Figure 1-1). It is commonly in Arabic the tree called Sider and
the fruit (Nabag) indicating the specific importance of this plant to
local people [22]. Ziziphus -spina christi is consisting of about a
hundred varieties of deciduous or evergreen trees and shrubs
distributed throughout the tropical and subtropical regions of the world
[23], from which twelve species are cultivated [24]. Z.-spina christi is a
spiny shrub and sometimes a tall tree, reaching a height of 20 m that
strongly resists heat and drought [25]. However, little research has been
conducted on the rich nutritional content of its fruits and leaves, as well
as on its well-known antimicrobial effects [26]. Moreover, Z.-spina
christi is still growing along with several plants, and it is one of the
important fruits that grows in the dry parts of tropical Asia and Africa
[27].
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Figure 1-1: Ziziphus-spina christi tree.

1-2-2 Constitutes of Ziziphus -spina christi

T e ¢ emical nature of plants is based upon t e p ytoc emical
compounds. Plants wit a 1ig concentration of ¢ emical constituents
can be t erapeutically active or inactive. Active components may be
found in eac part of t e plant (leaf, flower, stem, bark, root, fruit, and
seed) [28]. P ytoc emicals are classified into primary and secondary
metabolites. Primary metabolites suc amino acids, proteins,
carbo ydrates and c lorop yll, w ile secondary metabolites are
flavonoids, alkaloids, saponins, tannins, steroids, coumarins, quinines,
fats and p enolic compounds (Figure 1-2) [29]. Z.-spina christi is ric
in many biologically important compounds t at were investigated by
t e p ytoc emical analysis w ic indicated t e presence of flavonoids,
alkaloids, tannins, coumarins, carbo ydrates, and fats [30]. In addition,

leaves also are ric in calcium, iron, and magnesium [31].
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Figure 1-2 The basic chemical structure of the essential phytochemicals of Z.
spina-christi leaves extract [32].

1-2-3 Biological Applications of Ziziphus -spina christi

The majority of rural people have no knowledge of modern
medicine and depend mostly on folk therapies, often produced by
plants [33]. Z. spina-christi is known for its medicinal properties as a
hypoglycemic,  hypotensive, anti-inflammatory,  antimicrobial,
antioxidant, anti-tumor, kidney and liver protective agent, and as an
immune system stimulant [34]. The contents of Z. spina-christi fruits
are good diets and rich in diverse vitamins that are used in folk
medicine to treat blisters, bruises, chest pains, dandruff, fractures,
headaches, and mouth problems [35]. It has been described as anti-
laxative, astringent, diuretic and tonic[36] while the seeds are used to
relieve pain and cut off vomiting and abdominal pain associated with
pregnancy [37]. The roots are used to recover and prevent skin diseases
[38]. Some pharmacological analysis studies indicated that the aqueous
extract of Z. spina-christi root bark has antinociceptive activity in mice
and rats, as well as reduces the tension and anxiety in mice [39], [40].

6
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Z. spina-christi extract has also been reported to possess a protective

effect against aflatoxicosis and anti-conceptive properties in rats and
have a calming effect on the central nervous system [41], [42].
Moreover, the extract of Z. spina-christi stem bark has antidiarrheal
effects in rats [43]. Finally, fruits have cleaning properties such as
purifying the stomach, removing impurities from blood as well as being

restorative for the health system [44].

1-2-4 Effect of Ziziphus spina- christi on Kidney Diseases

Ziziphus-spina christi is one of the most widely used medicinal
herbs in the world. Unlike pharmaceutical medicines, which have been
created for a specific condition regardless of their side effects, the
entire plant of Z.-spina christi not only has no side effects, but also the
presence of some minerals and vitamins in the diet is very important,
and the deficiency in their normal levels may be cause many diseases,
among them kidney diseases [45]. Z.-spina christi leaves were regarded
a high-value resource, and numerous studies have shown that the
phytochemicals content is exceptional, including flavonoids and
phenolic compounds which are crucial compounds for the
improvement of renal failure due to their antioxidant and anti-
inflammatory agents [46 - 48]. It has been demonstrated that significant
decrease in the level of urea, creatinine, uric acid, and also free
radicals. Because of the improved preservation of bio-active
components of Z.-spina christi leaves, it can be considered as a more
appropriate ingredient for food enrichment [49]. Moreover, an extract
of Z.-spina christi could be used not only as a safe potential natural
functional food ingredient or as a therapeutic drug in the treatment of
kidney diseases but also it is effective in reducing both lipid
peroxidation products and reactive oxidative stress accompanying renal
failure [50], [51].
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1-3 Nanoparticles

Nanotec nology deals wit t e design, production and
¢ aracterization of nano-meter sized objects w ic is extended to broad
area in medical, ¢ emical and engineering applications due to its
unique properties [52]. Nanoparticles (NPs) are basically defined as
small objects ave t e size approximately of 1-100 nm to create and
use structures t at ave novel properties [53]. T ey can also be
designed to improve t € p armacological and t erapeutic effects of t e
drugs, as well as ave a very ig surface area and t ey permit many
functional groups to be ad ered to t em w ic in turn, can bind to
tumor cells. Additionally, t ey ave proven to be an excellent
replacement for radiation and ¢ emot erapy as t ey can easily be used
to remove t e tumor [54]. On ot er and, biomolecules derived NPs are
getting famous because of t e growing demand of biocompatible and
biodegradable NPs. Moreover, biological NPs are easily available and
non-immunogenic. Apart from t eir own unique functions,
biomolecules can conjugate wit ot er inorganic NPs to generate
special biomolecule-NPs ybrids. Biomolecules suc as proteins,
nucleic acids, lipids and polysacc arides-based NPs ave been used in

various applications [55], [56].

Recent studies ave developed a number of nanoparticles suc as
metals oxides, semiconductors and polymeric particles utilized in
molecular imaging and particulate delivery ve icles [57], [58].
Liposomes, silica nanoparticles, micelles and c¢ itosans play an
important role in drug delivery wit minimized side effects. T ey ave
also been utilized as anticancer agents. So, basically, nanotec nology
deals wit construction of artificial cells, enzymes and genes or repair
in t e synt esis of protein [59]. Furt ermore, t ese particles possess

ig ly favorable optical and c emical properties for biomedical
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imaging and t erapeutic applications, a 1g density of t erapeutic
agents can often be encapsulated, dispersed or dissolved in t ese
nanoparticles, w ic in turn depends ont e preparation process to yield
different properties and release ¢ aracteristics of t e entrapped agent
[60]. Finally, nanoparticles are good candidates to be s own as
adjuvant for vaccines and advantageous features of nanoparticles
include increased interaction of drug molecules wit epit elial cells can

be ac ieved leading to maximal absorption of t e drug molecule [61].

1-3-1 Classification of Nanoparticles

Int e field of NPs synt esis and fabrication tec niques in t e past
two decades ave ripened t e classification of nanosized particles. Any
particle is classified as nanoparticle w en at least one of t e dimensions
of particles are in t e order of nanometers. Generally, NPs are broadly
classified into four different categories based on t eir dimensionality,
regardless of t eir location or ¢ emical properties [62].

e Zero-Dimensional (0D) NPs: All t ree dimensions of t e NPs are
in t e nanoscale; i.e., up to 100 nm. quantum dots (carbon,
grap ene, inorganic) and ot er sp erical NPs (noble metals,
fullerenes, polymers, metal organic framework are some popular
examples of 0D NPs class [63]. Due to t eir ¢ emical inertness,
biocompatibility, optical stability, cell permeability, and
wavelengt -dependent p otoluminescence, t ey are interesting for
biomedical and optical electronic applications [63].

e One-Dimensional (1D) NPs: (One dimension between 1 and 100
nm). In t is class, nanotubes, nanorods, nanowires, and nanofibers
are made of polymer, carbon, metals, and metal oxides [64]. Due
to t eir important surface-to-volume ratio and small pores, t ey are
used for filtration and catalysis and as scaffolds and super-

absorbents for wound dressing and tissue engineering [65].

9
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e Two-dimensional (2D) NPs: (Two dimensions > 100 nm) include
metal oxides, platelet-like forms, grap ene (grap ene oxide and re-
reduced grap ene oxide), silicates, black p osp orus, exagonal
boron nitride, boron nanos eets, etc. [66]. T eir p ysicoc emical,
biological, and optical properties explain t eir uniform s ape,
surface ¢ arge, and 1g surface-to-volume ratio [67].

e T ree-dimensional (3D) NPs: (No dimension in t e nanoscale
range) include nanopores powders, nanowire bundles, nanotube
bundles, nanolayers, and nanostructured electrodes. Muc researc

as been done on t e development, fabrication, and evaluation of
3D NPs for storage devices (super capacitors and batteries) for
wastewater treatment and electroc emical conversion [68]. T ese
complex NPs are important components of biomedical devices,

solar cells, and microelectromec anical systems [69].

1-3-2 Synthesis Approaches of Nanoparticles

T ere are many developments in science and engineering t at ave
progressed very fast toward t e synt esis of nanoparticles to ac ieve
unique properties t at are not t € same as t e properties of bulk
materials. T e synt esized particle reveals interesting properties at t e
dimension below 100 nm wit stable form, mostly from several effects,
temperature, pH, pressure, time, cost of preparation and pore size [70].
T ese effects are t e quantization of electronic states apparent leading
to very sensitive size-dependent effects suc as optical and magnetic
properties and t € 1ig surface-to-volume ratio modifies t e t ermal,

mec anical, and ¢ emical properties of nanoparticles[71].

T ere are t ree general approac es for t e synt esis of
nanoparticles in t e function of t e starting raw materials: top-down,

bottom-up, and ybrid approac es [72].

10
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e Top-Down Approac : In t is approac , nanoparticles are produced
by breaking down t e bulk material into nanomaterials (Figure 1-3),
as it bases on converting large pieces of metal by grinding and
crus ing into nanoparticles, and t en addition of specific material

led to stability of nanoparticles [73].

: Top-Down ;

BEEE

Figure 1-3: Top-down synthesis method of nanoparticles [74].

e Bottom-Up Approac : Int is approac , a very small size material is
converted into a larger size material (Figure 1-4), as it depends on

t e atom-to-atom or molecule-to-molecule assembly process [75].

BTEER

Bottom-Up

Figure 1-4: Bottom-up synthesis method of nanoparticles [74].

11
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e Hybrid Approac es: Int e ybrid approac , top-down and bottom-
up fabrication tec niques are combined to develop nanostructured
platforms. T ese ierarc ically organized structures are generally
difficult or impossible to fabricate using only top-down or bottom-

up tec niques [76].

1-3-3 Synthesis Methods of Nanoparticles

Nanoparticles are synt esized by variety met ods, w ic include
p ysical, ¢ emical and biological met ods., and t ese met ods can be
broadly classified into bottom-up and top-down approac es (Figure 1-
5). Depending upon t e requirements, t € synt esis met ods of
nanoparticles are selected. Every met od as some advantages as well
as disadvantages; t ¢ production met od is selected based upon t e
availability of t e facilities. P ysical met ods are suitable for small-
scale production w ereas ¢ emical met ods are selected w eret e cost
of production is a concern. Biological synt esis met ods ave different
significance compared to p ysical and ¢ emical met ods as t ey are
non-toxic, gives rapid synt esis, low in waste production and also give

large-scale production [77].

1-3-3-1 Physical Synthesis Methods:

P ysical met ods include arc plasma, t ermal evaporation,
p ysical vapor deposition, ultrasonic irradiation, and laser ablation.
T ese processes are ¢ emically pure and tec nically simple, w ic
makes t em ideal for carrying out industrial processes at ig
production rates [78]. For example, arc plasma w ic is based on
electrical arc disc arge synt esis, is one of t e most commonly used
p ysical met ods for converting bulk materials into nanomaterial via
condensation and evaporation [79]. On t e ot er and, metal oxide
(e.g., ZnO) nanoparticles can be synt esized using t e t ermal

evaporation met od [80].

12
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1-3-3-2 Chemical Synthesis Methods:

Hydrot ermal sol-gel, ¢ emical vapor deposition, solvot ermal
processes, polymerization, and ot er ¢ emical precipitation tec niques
are examples of ¢ emical tec niques for t e synt esis of NPs [81]. Wet
c emical synt esis, w ic is based on t e p ysical states of t e solid
and liquid p ases, is t € most commonly used met od for producing
NPs [82]. During industrial-scale wet ¢ emical synt esis, capping
agents/stabilizers are used extensively in spite of t eir toxicity to
control particle size and to prevent t e agglomeration. T e parameters
oft ¢ ydrot ermal and solvot ermal tec niques used fort e synt esis
affect t e structure, morp ology, composition< and assembly of t e
resulting ZnO-NPs. Using t ¢ ydrot ermal tec nique to t e synt esis
of ZnO-NPs [83], and described t e solvot ermal tec nique to
synt esis gallium-indium-ZnO-NPs for electrolyte-gated transistors

[84].

1-3-3-3 Biological Synthesis Methods:

Biological met ods are promising alternatives to p ysical and
c emical synt esis met ods because t ey are eco-friendly [85].
Biological synt esis met ods include microorganism-assisted,
biotemplate-assisted, and plant extract-assisted biogenesis are green
synt esis approac es for nanoparticle synt esis [86]. Many plant
biomolecules, including enzymes, vitamins, polysacc arides, organic
acids, amino acids, and proteins, are used for nanoparticle synt esis in
a medium enric ed wit metal ions. T e first step involves t e
preparation of leaf tinctures and t e use of biomolecules from plant
extracts and various microorganisms, including fungi, bacteria, and
lactobacilli. Many active compounds are present in plant extracts, for
instance, alkaloids, p enols, terpenoids, quinines, amides, flavonoids,

proteins, and alco ols [87]. Some of t em contribute to t e green

13
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synt esis of metallic nanoparticles by reducing metal cations to
nanoparticles (i.e., reducing agents, suc as flavonoids and p enols)
and by concomitantly performing stabilization functions to avoid
nanoparticle aggregation. Several previous studies based on biological
met ods to t e synt esis metal oxide nanoparticles among t em, ZnO-

NPs [88], [89].

Methods of
Nanoparticles Synthesis

Bottom-Up Top-Down
‘ Synthesis Synthesis
Chemical J Biological J Physical
- Chemical I I - Electrochemical
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Plan Microbial \ e | Algae | - Ultra sonication
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Figure 1-5: Scheme the synthesis methods of nanoparticles [90].

1-3-4 Synthesis of Nanoparticles from Plants

Green synt esis of NPs using t e natural plant extracts was
important to explored t e role of biological components, essential
p ytoc emicals (e.g., flavonoids, alkaloids, terpenoids, amides, and
alde ydes) as reducing agents and solvent systems [91]. Extraction is a
solid—liquid separation process for isolating specific plant components
inw ic t e plant components (i.e., t e solid object) are dissolved and
entrapped in t e solvent (i.e., te liquid). T e plant extract

concentration, pH, temperature, and t e time of incubation are known

14
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to affect t e size, s ape, and yield of t e NPs. Compared wit t e ot er
previously described met ods, t e use of plant extracts for NPs
synt esis 1s particularly interesting because it is less expensive, more
environmentally friendly, can be scaled up for industrial applications,
and can be performed wit out 1g pressure, energy, temperature, or
toxic ¢ emicals [92]. Indeed, for NPs synt esis, plant extracts are
simply mixed wit a metal salt solution at ambient temperature for a
few minutes. Any plant part can be used to synt esize NPs, suc as
leaves, stems, stalks, and flowers (Figure 1-6). Some of t e examples
of synt esis of ZnO-NPs using plant extract include t e use of
Lepidium sativum seed [93], Cassia auriculataleaf [94], Amomum
longiligulare Fruits [95], Phoenix dactylifera root [96], etc. Leaf
extracts are environmentally friendly, non- azardous, and non-toxic
reducing agents. Researc s ould now focus on w et er plant biomass
or extracts can be used to fabricate noble metal (silver, gold, platinum,
and palladium) NPs wit a specific s ape and size. Indeed, due to t e
great plant diversity, it is not known w et er t ey could be useful for

t e production of suc NPs [97].

A Metal-Nanoparticles
N7 N4

Nanoparticles

Precursors

< p \ Metal Salt

o Boiling at 60 °C

Plant exfract Includes
A Biological Molecules and
7 Stabilizing agents

Plant Parts

Figure 1-6: Biosynthesis of metal-nanoparticles from plant extracts [98].
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1-3-5 Characterization of Nanoparticles

T e c aracterization is necessary to identify t e properties of t e
synt esized NPs. T e experimental met ods t at are used to quantify t e
dimensions, crystal orientation¢ elemental composition, and ot er p ysical
and ¢ emical properties of synt esized NPs are termed as ¢ aracterization
tec niques [99]. Various in vitro and in vivo tec niques are used to
c aracterize a new system and predict its clinical efficacy. T ese
tec niques enable efficient comparison across NPs and facilitate a product
optimization process [100]. Nowadays, many more types of NPs are
synt esized t an only a decade ago, and in 1g er amounts t an before,
requiring t e development of more precise and credible protocols for t eir
¢ aracterization. However, suc  c aracterization 1S sometimes
incomplete. T is is because of t e in erent difficulties of NPs to be
properly analyzed, compared to t e bulk particles (e.g., too small size and
low quantity in some cases following laboratory-scale production) [101].
In fact, quite often a wider ¢ aracterization of NPs is necessary, requiring
a compre ensive approac , by combining tec niques in a complementary
way. Different tec niques may be used to identified NPs, in order to know
if in some cases t e use of only one or two of t em is enoug to provide
reliable information w en studying a specific parameter (e.g., particle
size). Moreover, t ese tec niques are sometimes exclusive for t e study of
a particular property, w ile in ot er cases t ey are combined [102]. So, to
discuss all t ese tec niques in a comparative way, considering factors
suc as t eir availability, cost, selectivity, precision, non-destructive
nature, simplicity and affinity to certain compositions or materials. T e
tec niques are always studied in dept according to t eir availability.
T ere are tec niques provide furt er information on t e structure,
elemental composition, optical properties, functional groups and ot er
common and more specific p ysical properties of t e nanoparticle

samples (Figure 1-7). Examples of t ese tec niques include Uv-vis.
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spectroscopy, Fourier Transform Infrared (FT-IR) and x-ray Diffraction
(XRD). Ot er tec niques w ic provide information on t e size,
morp ology and crystal structure of t e NPs are microscopy-based
tec niques for example, scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and atomic force microscopy

(AFM) [103].

XRD EDX

Figure 1-7: Techniques used in nanoparticles characterization [104].

1-4 Zinc Oxide Nanoparticle (ZnO-NPs)

Zinc oxide is an inorganic compound wit t e formula ZnO as a
w ite powder, and is a metal oxide semiconductor. ZnO-NPs, as one of
t e most important metal oxide nanoparticles ave been extensively
studied and popularly employed in various fields due to t eir peculiar
p ysical and c emical properties [105]. ZnO-NPs are nontoxic,
insoluble in water wit density of 5.606 g.cm™ and appear as a w ite
powder wit refractive index of 2.0041. It also possesses a ig boiling
and melting points w ic are 2360 °C and 1975 °C respectively [106].
ZnO-NPs as t ree main crystal structures under ambient condition
(pressure and temperature), exagonal wurtzite, cubic zinc blende and
cubic rock salt (Figure 1-8), T e exagonal wurtzite structure is t e
most t ermodynamically stable and ence most common among t e

17
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t ree structures [107]. T e exagonal wurtzite structure, w ere oxygen
atoms (blue sp eres) are tetra edral coordinated to zinc atom (yellow

sp eres). T e wurtzite structure as exagonal unit cell as s own in

figure 1-8a.

(a) Hexagonal-Wurtzite (b) Cubic Zinc Blende (c) Cubic Rock Salt

Figure 1-8: Main crystal structures of ZnO-NPs [108].

In Hexagonal-Wurtzite, two interpenetrating exagonal-close-pack
( cp) sublattices are alternatively stacks along t e c-axis. One
sublattice consists of four Zn atoms and t e ot er sublattice consists of
four oxygen atoms in one unit cell; every atom of one kind is
surrounded by four atoms of t e ot er kind and forms a tetra edron
structure [109].

1-4-1 Biosynthesis of Zinc Oxide Nanoparticles

P ysical and ¢ emical met ods for ZnO-NPs preparations ave
been widely developed. ZnO-NPs can be synt esized using aqueous or
alco olic plant extracts, microorganisms (bacteria, fungi, aquatic algae,
and yeasts) and ot er biosynt esis met ods [110]. A broad variety of
plant extract are used for t e biosynt esis of ZnO-NPs [111-113]. ZnO-
NPs prepared by biosynt esis met ods ex ibited strong potential for
biomedical applications suc as its excellent anticancer and
antibacterial activity. In general, for t e ZnO-NPs synt esis, t e desired
quantity of zinc oxide, zinc nitrate, zinc acetate, or zinc sulfate is used

18



Chapter One Introduction and Literature Review

and dissolved in distilled water. To t e zinc solution, a defined volume
of plant extract is added and mixed well in a magnetic stirrer. Plants
consist of p ytoconstituents like flavonoids, amino acids, terpenoids,
alkaloids, polyp enols, and polysacc arides w ic can act as reducing
agents as well as capping or stabilizing agents. Also, t ese
p ytoconstituents reduce metal ions or metal oxides into zero valence
metal nanoparticles. Hence, no capping or stabilizing agents are needed

int is green approac to nanoparticle synt esis [114].

1-4-2 Optimization of ZnO-NPs Synthesis

Different factors like temperature, pH, time, and bot
concentrations of metal ion and plant extract ave important roles in
obtaining desired size, s ape, and stability, and en ancing t e product
yield of t e nanoparticle [115]. Temperature plays a very crucial role in
all reactions. it as recently been found t at temperature also plays a
role in determining t e size, s ape, and yield of nanoparticles

synt esized using plant extracts. Bot t e reaction and particle
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ZnO-NPs is confirmed wit UV spectroscopy based on its surface
plasmon resonance (SPR) effect. Different morp ologies of ZnO-NPs

are nanoflower, nanoflake, nanorods, nanowires, and nanobelt [121].

1-4-3 Biological Applications of Zinc Oxide Nanoparticles

T e biological activity of ZnO-NPs depends on many factors,
surface ¢ emistry, size distribution, particle morp ology, and particle
reactivity in solution. T erefore, t e development of ZnO-NPs wit
controlled structures t at are uniform in size, morp ology, and
functionality is essential for various biomedical applications [122].
Moreover, ZnO-NPs are soluble in biological fluids and subsequently
release zinc ions. On oral administration first pass effect,
gastrointestinal barrier, kidney, liver, and gut wall function decreases
t e bioavailability of ZnO-NPs; w ereas on intravenous administration
s ows 100% bioavailability. Different factors like pH, particle size,
concentration, and t e presence or absence of organic compounds
influence t e solubility of ZnO-NPs [123]. Dissolution, absorption, and
distribution of ZnO-NPs depend upon t e exposure dose amount and
do not depend upon t e particle size of t e nanoparticle. On oral
administration, ZnO-NPs are distributed in t ¢ kidney, liver, and spleen
w ereas on intraperitoneal administration, zinc oxide nanoparticles are
distributed in t e lungs, kidney, spleen, eart, and liver. Kidneys and
t e liver are t e common target organ in bot administrations [124].
Distribution of ZnO-NPs in t e organs depends upon t ¢ type of
experimental animals, route of exposure, and p ysicoc emical
properties of t e nanoparticles [125].

1-4-4 Antioxidant Activity of Zinc Oxide Nanoparticles

Zinc oxide nanoparticles ex ibit antioxidant properties because

of t e electron density transfer at oxygen and t e property rely on t e

structural configuration of t e oxygen atoms [126]. T e naturally
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obtained substance s ows t e 1g protective activity of natural
antioxidants from 1ig er plants against several diseases w ic
originated from oxidative processes [127]. In t e biological system,
over production of ig ly reactive radical species or t eir precursor.
leads to oxidative stress w ic  as been observed in various disease
suc as cancer¢ cardiovascular disease, renal diseases, diabetes and
art ritis. In few studies antioxidant and free radical scavenging
activities of ZnO-NPs in biological system as been described. Many
studies ave s own t at ZnO-NPs plays a significant role against
various toxic effects, including cytotoxicity¢ genotoxicity,
inflammation, and oxidative stress, also known to ave anti-
inflammatory properties by blocking pro-inflammatory cytokines,
proved t at ZnO-NPs synt esized from t e plant extract ave anti-
oxidant and anti-inflammatory properties and t ey are used in several
disease prevention and t erapies [128], [129].
1-5 Kidney and Liver Toxicity

The kidney filters all harmful substances and metabolites are
eliminated through the urine. Endogenous and exogenous chemicals are
secreted mostly by the kidneys [130]. Because it filters a huge number
of toxins that can accumulate in the renal tubules when a vast volume
of blood flows through it, the kidney is extremely vulnerable to
toxicants. This can then lead to systemic toxicity, which can impair
bodily functions such as maintaining the fluid and electrolyte balance,
decreasing the production of essential hormones, and impairing the
body’s ability to retry wastes [131]. The liver is one of the largest
organs in the human body and the primary focus of metabolic and
excretory activity. It is responsible for the detoxification and excretion
of a wide range of endogenous and exogenous substances and any
damage to it or impairment of its functioning can have serious

consequences for one’s ealt [132].
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The main factors causing renal-hepatic toxicity are toxic

materials, exposure to hazardous or toxic materilas can affect the body
in many ways. In general, when chemicals and other hazardous
substances are absorbed, they pass through the various body systems
and can affect a particular organ or organs, called t e “target organ”
Fortunately, the body has mechanisms, mainly in the liver and kidneys,
to process and eliminate many of these substances. This ability to
eliminate toxic substances can reduce the effect on the target organ
[133], [134]. Damage to the kidney and liver can be acute or chronic.
An acute process generally refers to a relatively short period of time
(hours to weeks) between exposure to the toxin and the onset of
symptoms or medical findings. A chronic process generally refers to a
long period of time (years) between exposure to the toxin and the onset
of symptoms or medical findings. The detection of either an acute or
chronic process or disease can be complex, depending on the type of

toxin and the extent of exposure [135], [136].

1-6 Role of Zinc Oxide Nanoparticles in Ameliorating Renal-Hepatic
Toxicity

Zinc oxide nanoparticles are among the most widely used metal
oxide-NPs in a variety of sectors and research-based organizations due
to their wide range of applications [137]. They can be used for a variety
of medical applications because are less toxic, inexpensive, safe, and
simple to prepare, as well as may be easily to absorbed in the human
body [138]. In the previous study, the ameliorative potential of green
tea-mediated ZnO-NPs was shown against ochratoxin-A-induced
hepatotoxicity and nephrotoxicity in albino rats. Zinc oxide
nanoparticles were found to reverse the damage caused by ochratoxin
A and were also involved in reducing alanine aminotransferase (ALT),
aspartate aminotransferase (AST), urea, and creatinine levels, in
addition to the biochemical analysis showed improvement in kidney
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tissues, with slight congestion in a few areas [139]. Another study

showed the protective effects of ZnO-NPs (50 mg/kg) against Dimethyl
nitrosamine (DMN) induced liver injury in rats, ZnO-NPs were
reduced lipid peroxidation, oxidative stress, and fibrosis of the liver,
which indicates a reduction in the levels of proinflammatory cytokines.
An increase in the levels of reduced glutathione (GSH) and glutathione
peroxidase (GPx) was also observed, thereby improving liver and
kidney function [140]. Similarly, ZnO-NPs reduced potassium bromate
P-induced hepatotoxicity in Swiss albino rats. The overall health of the
treated animals was improved profoundly by maintaining the levels of
glutathione reductase (GR), glutathione peroxidase (GPx), superoxide
dismutase (SOD), and catalase (CAT) and decreasing the levels of
malondialdehyde (MDA), hydrogen peroxide (H,0,), and nitric oxide
(NO) [141]. Thioacetamide (TAA) is a powerful hepatotoxic and
hepato-carcinogenic chemical that causes hepatotoxicity by producing
thioacetamide-S-dioxide, an unstable reactive metabolite that
stimulates the production of reactive oxygen species (ROS) by binding
covalently to macromolecules [142]. As ZnO-NPs possess various
therapeutic properties, they were employed against TAA-induced
hepatotoxicity to evaluate their protective effects. ZnO-NPs
significantly lowered oxidative stress and reduced the expression of
inflammatory markers (interleukin-6 (IL-6) and Tumor Necrosis
Factor-alpha (TNF-a) proteins) and liver enzymes and also helped in
returning the antioxidant status to its normal level [143]. Likewise,
Eclipta prostrata-derived ZnO-NPs showed a dose-dependent
cytotoxic effect against the hepatoma G2 (HepG2) cell line. DNA
fragmentation assays and activation of caspase 3 validated the
apoptotic features of ZnO-NPs at a concentration of 100 mg/mL [144].
Moreover, cisplatin (CP), a chemotherapy drug used to treat a variety

of malignancies, can cause platinum to build up in the kidney,
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Impairing its function. CP-induced nephropathy raised serum

creatinine, blood urea nitrogen, and microalbuminuria, all of which are
indicators of renal function. These characteristics, on the other hand,
were downregulated after ZnO-NPs treatment. ZnO-NPs prevented CP-
induced decreases in renal SOD, CAT, and GSH, and an increase in
renal MDA levels [145]. Similarly, streptozotocin (STZ) therapy led to
diabetic nephropathy in male rats, which was demonstrated by an
increase in the blood glucose level, renal oxidative stress markers, and
glomerular basement membrane thickness. Administration of ZnO-NPs
intraperitoneally for seven weeks significantly improved nephropathy
and enhanced renal function [146]. Finally, ZnO-NPs are a great option
for treating hepato-renal impairments because of their anti-
inflammatory, antioxidant, and pro-oxidant mechanisms. As the impact
of ZnO-NPs can vary depending on the disease condition, its cellular
response, however, can be crucial. More research is still required to
determine the precise molecular mechanism by which ZnO-NPs act to
ameliorate adverse reactions to the organs upon administration of
hazardous substances [147].
1-7 Adenine

Adenine (6-Aminopurine), is a nitrogen etero cycles (Figure 1-
9) and one of t e four nucleobases in t e nucleic acids of
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Adenine
also plays an important role in bioc emistry involved in cellular
respiration, t € form of bot adenosine trip osp ate (ATP) and t e
cofactors nicotinamide adenine dinucleotide (NAD) and flavin adenine
dinucleotide (FAD), and protein synt esis [148]. Adenine is derived
from t e nucleotide inosine monop osp ate (IMP) t at finally
metabolites to uric acid. It is produced on a pre-existing ribose
p osp ate via a specific pat way by using substrates from amino acids

(glycine, glutamine, and aspartic acid), and fusion wit t e enzyme
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tetra ydrofolate [149]. It presents at very low level in t e blood and
excess adenine is transformed to 2,8-di ydroxyadenine w en oxidized
by xant ine de ydrogenase in t e kidney. Adenine produces adenosine,
a nucleoside, by linking wit ribose, and t en forms ATP, a nucleotide,
by adding t ree p osp ate groups to adenosine. adenosine trip osp ate
is used in cell metabolism as one of t e most important met ods of
transferring ¢ emical energy between ¢ emical reactions, and
maintaining energy balance [150]. In addition, t e level of adenosine
and t e expression of adenosine receptors are regulated so t at t e
signaling via one or more of t e receptors increases in cellular stress
and distress. Adenosine via its receptors will tend to limit t e
consequences of t e potentially damaging stimuli. T is is ac ieved in
multiple ways. T ere is a strong link between adenosine and signaling
in ypoxia [151]. T us, t e increased adenosine in t e kidney indicated
renal lesions due to isc emia or ypoxia, and decreased levels of
adenosine in t e kidney may result from increased cell apoptosis,

functional destruction, and ATP depletion [152].

3 -
Adenine

Figure 1-9: The chemical structure of adenine [153].

1-8 Mechanism Action of Adenine
Several previous studies ave s own t at adenine -ric diet

induced t e model of renal failure in animal [154]-[156]. T e
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consumption of oral adenine t us mig t cause t e occlusion of renal
tubules w ic retards t e excretion of nitrogenous substances leading
to a bioc emical and p ysiological status resembling kidney diseases in
umans [157]. W en adenine presents in ig levels at mammalian
metabolism, it is endogenously produced as a by-product of t e
polyamine pat way and is cleared by adenine p osp oribosyl
transferase (APRT) [158], [159]. APRT deficiency causes 2,8-
di ydroxyadenine (2,8-DHA) accumulation, leading to nep rolit iasis
and crystalline nep ropat y (Figure 1-10). In t e absence of APRT
activity, adenine cannot be converted to adenosine. Adenine is
metabolized t roug an alternative pat way w ere it is oxidized by
xant ine de ydrogenase (XDH) to 2,8-DHA via t e generation of an
intermediate compound, 8- ydroxyadenine. Because 2,8-DHA is
insoluble at any p ysiological urine pH, it forms 2,8-DHA crystals
eventually leading to 2,8-DHA nep rolit iasis and/or crystalline
nep ropat y [160]. Adenine and 2,8- DHA are released in t ¢ urine and
low solubility of 2,8-di ydroxyadenine led to it precipitation in t e
kidney tubules of t e nep ron [161]. T e low solubility of 2,8- DHA
makes its precipitation in kidney especially in nep ron tubules of
kidney. Waste compounds excretion from kidney are stopped by
obstruction of renal tubular due to 2,8- DHA. T 1is, in turn, will lead to
elevation of creatinine and urea nitrogen concentration in t e blood and

leading to elevation of various guanidine compounds, t en resulted in

renal failure [162].
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1-9 The objectives of the study

T e current study was designed to possible biosynt esis of zinc
oxide nanoparticles using an aqueous extract of Z.-spina christi leaves
and zinc nitrate exa ydrate and evaluated t e ameliorative effects in
t e treatment of kidney injury induced by adenine in male albino rats
(Sprague-Dawley rats) t roug t e following objectives:

1- C aracterization and optimization of t e biosynt esized ZnO-NPs
using many tec niques UV-visible, FT-IR, XRD, SEM, TEM and
AFM.

2- Estimation of kidney function tests (uric acid, urea and creatinine)
and liver function tests (ALT, AST and ALP) as well as antioxidant
levels ( TAC, CAT, SOD, GSH) and oxidative stress (MDA and NO).

3- Histological study w ic includes istological ¢ ange in kidneys and

livers tissues.
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2 Materials and Methods

e [Instruments

Tools and instruments used wit t eir origin and company are
listed in Table 2-1.

Table 2-1: Instruments and tools with their suppliers.

No. Type of Instruments and tools Company/Source
1 Analytical sensitive balance METTLER TOLEDO/Switzerland
2 Atomic force microscopy (AFM) AFM NT-MDT/Russia
3 Balance for animals India
4 Centrifuge C ina
5 Cooling centrifuge Sigma 2-16PK/Germany
6 Digital camera Nikon Z50/T ailand
7 Gel tube Jordan
8 Eppendorf tube C ina
9 W atman No. 1 filter paper Labtex/Banglades
10 Freezer Hitac i/Japan
11 Fourier Transform Infrared (FT-IR) IRPrestige-21, SHIMADZU/Japan
12 Gel tubes Jordan
13 Lab Glasses C ina
14 Gloves C ina
15 Hot plate wit a magnetic stirrer LAB INCO L-81/ Net erlands
16 Lig t microscope Olympus BH-2/ Japan
17 Micropipette 100-1000 pl DragoLAB/C ina
18 Masks C ina
19 Oven D-91126 Sc wabac FRG/ Germany
20 Oven TAU STERIL-2000/Germany
21 Rack for blood standing C ina
22 Scanning electron microscopy (SEM) TESCAN MIRA3-SEM/France
23 Spectrop otometer T ermo-Spectronic/USA
24 Sterile syringes (1, 3, and 5 ml) C ina
25 Test tubes C ina
26 | Transmission electron microscopy (TEM) JEOL JEM-1200 EX/Japan
27 Vacuum filtration
28 Water bat Gallen Kamp/ England
29 UV-vis spectrop otometer UV-1650PC, SHIMADZU/Japan
30 X-ray diffraction (XRD) XRD-600, SHIMADZU/Japan
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e Chemicals and Kits

C emicals and kits used in t e current study are listed in Table 2-2.

Table 2-2: Chemicals and Kits used with their origin and company.

No. Type of Chemicals and Kits Company/Source
1 Acetic Acid (CH3;COOH) HiMedia
2 Adenine Powder Solarbio /C ina
3 An ydrous sodium carbonate (Na,CO3) BDH C emical Ltd Pool/U. K.
4 Alkaline p osp atase colorimetric kit (ALP) Solarbio /C ina
5 Alanine aminotransferase colorimetric kit (ALT) Solarbio /C ina
6 | Aspartate amino transferase colorimetric kit (AST) Solarbio /C ina
7 Basic nitrate bismut Basic nitrate bismut
8 Catalase Activity Assay Kit (CAT) Solarbio /C ina
9 C loroform (CHCI3) Noorbrok/England
10 Creatinine colorimetric kit Solarbio /C ina
11 Cupric sulp ate penta ydrate (CuSO4.5H,0) Analar Trade Mark
12 Dimet yl sulfoxide (DMSO) Xi‘an S eer erb/C ina
13 Eosin- ematoxylin stain Merck/Germany
14 Et anol (96% v/v) Fluka /Switzerland
15 Ferric ¢ loride (FeCls;) BDH C emical Ltd Pool/U. K.
16 Formalin 10% TEBIA/USA
17 Hydroc loric acid (HCI) BDH C emical Ltd Pool/U. K.
18 Litmus paper strips Lo and/C ina
19 Malondialde yde content assay kit (MDA) Solarbio /C ina
20 Nitric acid (HNO3) BDH C emical Ltd Pool/U. K.
21 Nitric oxide assay kit (NO) Solarbio /C ina
22 Paraffin wax Merck/Germany
23 Potassium hydroxide (KOH) Analar Trade Mark
24 Potassium lodide (KI) Analar Trade Mark
25 Reduced Glutat ione content assay kit (GSH) Solarbio /C 1na
26 Sodium ydroxide (NaOH) BDH C emical Ltd Pool/U. K.
27 Sulfuric acid (H,SOy) Belgium
28 Superoxide Dismutase activity assay kit (SOD) Solarbio /C ina
29 Total antioxidant capacity assay kit (TAC) Solarbio /C ina
30 Urea colorimetric kit Solarbio /C ina
31 Uric acid colorimetric kit Solarbio /C ina
32 | Zinc nitrate exa ydrate (Zn(NOs3),.6H,0, 99.9% ) CDH/India
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e Methods

2-1 Experimental Design of the study
T e general steps for t e biosynt esis of zinc oxide nanoparticles
and t eir applications are s own in Figure 2-1.

Preparation of Z Spina-Chiristileaves extract

|

|

Aqueous extract

Boiling at 45 °C
for 15 min

I
Filtration

Addition to 1 mM
Zn (NO3)2.6H:0

|
Zinc Oxide
Nanoparticles

l

Alcoholic extract

Phytochemicals

screening

[

Characterization

|

[

Applications

[

[

l

[

[

l

UV-visible

FT-IR

XRD

TEM

SEM

AFM

In vivo application using animal’s model included adult male rats within renal failure

Weighed Body of Rats from the first day to fourth week

Body weight of rats

[

[

Kidney Functions test

Uric acid Urea Creatinine
I Liver Functions test |~
| ALP II AST | I ALT |
l T I 1 I I Antioxidant Levels |—
NO || MDA || GSH || SOD || CAT TAC
Histopathological changes in kidney and liver by (H&E) —  Histological Study |—

Figure 2-1: Schematic diagram for the experimental design of the study.
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2-2 Collection of Plants

Fresh Ziziphus-spina christi leaves were collected from the
University of Kufa-College of Medicine campus. 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.

2-3 Preparation of Plant Extract
e Preparation of Aqueous Extract for Ziziphus-spina christi Leaves

Ten grams of crushed leaves were dissolved in 100 mL de-
ionized water in conical flasks and heated at 45 °C for 15 minutes
using heating stirrer, and then cooled to room temperature. The mixture
was filtered through vacuum filtration with Whatman No. 1 filter paper
followed by muslin cloth and centrifuged at 3000 rpm for 15 minutes to
remove any unnecessary particles that might have entered into the
extract. To investigated the functional groups in Z.-spina christi leaves,
the crude extract was dried in an air oven for 3 hours at 60 °C to obtain
a powder for FT-IR analysis, while to investigated the phytochemicals
are presented in Z.-spina christi leaves or to the biosynthesis of ZnO-

NPs, freshly of Z.-spina christi leaves extract were prepared.

e Preparation of Alcohol Extract for Ziziphus-spina christi Leaves
For alco olic (et anolic) extraction, 10 gm from t e leaf pieces
were transferred into t e conical flask and 100 mL of et anol (95%
V/V) was added. T e mixture was adjusted at room temperature and
kept for 10 ours. T e extract was subjected to vacuum filtration wit
t ¢ W atman filter paper No. 1. T e extraction was t en used wit out
any furt er purification for investigations t e p ytoc emical screening

only.
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2-4 Phytochemicals screening in the plant extract

The phytochemical analysis of an extract of Z.-spina christi
leaves showed the presence or absence of many phytochemical
components such as (flavonoids, alkaloids, terpenoids, phenolic
compounds, steroids, saponins, tannins, proteins, amino acids,
quinines, cardiac glycosides, and carbohydrates) were prominently
presented in the plant. The both crude aqueous and alcoholic extracts of
Z.-spina christi leaves was submitted to phytochemical analysis.

e Detection of Proteins and Amino acid[164]
1- Xanthoproteic test: An aqueous extract was treated wit a
few drops of concentrated nitric acid. T e formation of t e
yellow color indicates t e presence of proteins.
2- Biuret test: A 2 mL aqueous extracts and an equal volume of
NaOH were dissolved. A few drops of 2% Copper sulp ate were
added. T e pink or violet color indicates t e presence of amino
acids and proteins.
e Detection of Alkaloids[165]
Dragendorff’s test: T e spot of alco olic extract and spraying over
it of Dragendorff’s reagent will give orange color indicating t e
alkaloids present. To Prepare of spraying reagent of Dragendorff’s
for alkaloids tests, was made of two portions:
Reagent (1) A 0.85 g of bismut substrate was dissolved in a
solution of 10 ml acetic acid (CH;COOH) and 40 mL water.
Reagent (2) A 8 g of potassium iodide (KI) was dissolved in 20 ml
of water, a stock solution mixture of equal parts of solution 1 and 2.
T e spray reagent was prepared by mixing ImL of t e stock
solution wit 2 mL of fres acetic acid and 10 ml of water.
Detection of alkaloids and ot er nitrogen compounds is by orange-
brown spots on w ite background.

e Detection of Flavonoids[166]
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A 1 mL aqueous extract treated wit 1 ml 50% NaOH and 1 mL of

50% et yl alco ol was added. A dirty yellowis -brown precipitate
indicates t e presence of flavonoids.

e Detection of Saponins[167]
Foam Test: A 0.2 gm of t e aqueous extract was vigorously s aken
wit 5 mL of distilled water in a test tube for a few minutes. T e
formation of foaming (appearance of creamy miss of small bubbles)
s owst e presence of saponins.

e Detection of Phenolic Compounds[165]
Ferric chloride test: A 1 mL aqueous extract was treated wit few
drops of 2% Ferric ¢ loride. C anging t e color to brownis
indicates t e presence of p enolic compounds.

e Detection of Carbohydrates[168]
Benedict's test: one mL of aqueous extract and 4 mL of benedict's
reagent were dissolved and t en eated in a boiling water bat for a
few minutes orange red color precipitate indicates t e presence of
carbo ydrates.
Preparation of Benedict's reagent: One liter of Benedict's reagent
can be prepared by dissolving 100 gm of an ydrous sodium
carbonate (Na,COs) and 173 gm of sodium citrate in 800 mL ot
distilled water. T e mixture was boiled and filtrated. A 17.3 gm of
cupric sulp ate penta ydrate (CuSO,4.5H,0) is mixed in 100 mL ot
distilled water, t en added to t ¢ filtrate, and t en t e volume was
completed to one liter by distilled water wit constant stirring.

e Detection of Terpenoids and Steroids[169]
Salkowski test: Two mL of t e alco olic extract was dissolved in 2
mL of c loroform and evaporated to dryness. T en 2 mL of
concentrated sulfuric acid (H,SO,) were added slowly and t e

mixture was eated by put in t e water bat for 10 minutes. T e
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presence of terpenoids was indicated by t e reddis -brown color,

w ile t e steroids were indicated by t e green-blue color.
e Detection of Coumarins[169]

Two ml of alco olic extract was added to 3 ml 10% NaOH in a
test tube and t en boiled in a water bat for 5 minutes observation
of yellow color fluorescence was observed wit positive results.

e Detection of Tannins[164]
Sodium ydroxide (NaOH) test: A fres solution of 10% NaOH was
prepared, and 1 ml was added to 1 ml of aqueous extract. Formation
of emulsion indicates t e positive results of tannins.

e Detection of Resins[164]
Turbidity test: Two ml of alco olic extract treated wit a few drops

of 4% HCI, t e appearance of t e strong turbidity indicates resins
present.
e Detection of Quinines[169]
Alco olic KOH test: W en alco olic KOH was added to t e plant
extract, t e red to blue color appeared reacting positively wit
quinines.
e Detection of Fats and Oils[170]
Paper test: A small amount of bot aqueous and alco olic extract
was pressed between two filter papers. T e stain on filter papers
indicates t e presence of t ¢ oils.
2-5 Preparation of 1 mM Zn(NOs),.6H,O Solution
A one millimolar (1mM) of Zn(NO3),.6H,0 solution was prepared
by dissolving 0.02975 gm from salt in 100 ml de-ionized water and
stored in a dark and dry place for t e synt esis of zinc oxide

nanoparticles.
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2-6 Biosynthesis and Purification of Zinc Oxide Nanoparticles

Zinc oxide nanoparticles were prepared by adding 10 mL of t e
crude aqueous extract of Z.-spina christi leaves to 90 mL of 1 mM
Zn(NOs),.6H,0 at room temperature (Figure 2-2). Fres ly prepared 0.5
M of sodium ydroxide (NaOH) was added dropwise to t e solution
w ile being gently stirred to adjustt e pHto 9. T e mixture was eated
on t e magnetic stirrer for 2 ours at 60 "C until it transformed into a
brownis colored pellet. After t at t e mixture was cooled and
centrifuged at 5000 rpm for 15 minutes, to purify t e obtained pellet
because it contains impurities on t e surface of particles, and t en
was ed wit et anol followed by de-ionized water t ree times to
eliminate t e water-soluble substances and any contaminants ot erwise
organic materials present on t e surface of synt esized nanoparticles.
T e pure pellet was desiccated in a warm air oven at t e temperature of
100°C for 90 minutes followed by t e calcination step at 300 °C for 1

our, t at is important to forming ZnO-NPs. T e calcinated ZnO-NPs

were ready for ¢ aracterization and furt er uses.

36



Chapter Two Materials and Methods

Washing with
Tep Distilled De-ionized Dried under Slice and crush
water  water water window shade s by mortar and pestle
—_—

Sticed leaves

Ziziphus-Spina Christitree  Zizphus-Spina Christileaves

Centrifuge

o ¢ 1 (Do $F)
Jajem PIZIuOT-2(q

Cold and Filtration
with Whatman No. 1

03MNaOH [2
Drop bydrop |

 p=rrd —
et |
| #g K @
3| Zin nitrate hexehydrate Pure extract of Ziziphus-Spina =
' oy Zn(NO:):.6H:0 st
1L
g1
@ Centrifuge
] - —
/ = - Uv-visible
Centrifugation d m Drying Calcination ' Characterization FTIR
> > ” —_— N — ) ————
5000pm, 15 min 100°C; 300%: A X0
] TEM
- Pure powder of
v 4 zinc oxide nanoparticles SEM
P & ARM
“ °
=
Pellet ofzinc oxide E
nanoparticles A

Designedby Haider Hussein Abbas 2022 In vivo included the male rats module l

Figure 2-2: Scheme the biosynthesis of zinc oxide nanoparticles [171]

2-7 Optimization the Biosynthesis of ZnO-NPs

Synt esis of ZnO-NPs may be regulated by manipulating t e
reaction parameters. As a result, optimizing reaction conditions in t ¢
biosynt esis process is required to ac ieve t e control size and
formation rate of ZnO-NPs. In t is study, t e optimization process was
managed by controlling five experimental parameters t at include
boiling time of plant extract, t e volume of plant extract, precursor zinc
ion concentration, pH, and reaction temperature to production of ZnO-
NPs wit stabile and good yield. Optimization of reaction conditions

were carried out using UV- visible spectrop otometer.
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2-7-1 Effect of the Reaction time
T e Reaction time 1s consider a crucial role in t e ¢ emical reactions,

in t is study was followed t e reaction of Z.- spina christi wit zinc
nitrate exa ydrate at t e different times (0 minute to 48 ours) and
follow t e ¢ ange of color using Uv-visible spectroscopy.

2-7-2 Effect of the Boiling Time
T e effect of boiling time of t e plant leaves in preparation for

t e aqueous extract of Z.-spina christi leaves was considered in t is
study. Ten grams of dry leaves were boiled for (10, 15, and 20 minutes)
wit 100 mL of de-ionized water. T en followed t e ¢ ange of mixture
color from green to yellow wit t e time and using Uv-visible
spectroscopy.

2-7-3 Effect of the Plant Extract Volume
Biomass quantity plays a very important role in t e synt esis of

ZnO-NPs. T e various volumes of Z.-spina christi leave extract (5 mL,
10 mL, and 15 mL) respectively were added to 1 mM of Zn
(NO;),.6H,0 and follow t e ¢ ange of color wit time and using Uv-
visible spectroscopy.

2-7-4 Effect of ZnNO;.6 H,O Concentration
T e synt esis of nanoparticles is greatly dependent on t e

substrate concentration. T e concentrations of ZnO-NPs (1mM, 2 mM,
and 3m M) were studied wit t e constant ot er factors.

2-7-5 Effect of pH
T e pH of t e reaction mixture determines t e types of ZnO-NPs

formed, t e different pH values (pH 5, 6, 7, 8, 9, and 10) were
maintained using 0.5 M NaOH. T e boiling time, quantity of plant
extract, salt concentration, and reaction temperature were kept constant.

2-7-6 Effect of temperature
Temperature plays a very important role in all reactions.

Optimization studies about temperature were carried out wit

temperatures ranging from 40°C to 70°C wit a difference of 10°C.
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2-8 Characterization of Zinc Oxide Nanoparticles
T e synt esized ZnO-NPs were ¢ aracterized using different

modern tec niques as follows:

2-8-1 UV-Visible Spectroscopy
T e optical properties of ZnO-NPs were evaluated using UV—vis

spectrop otometer at t e central laboratory in Faculty of P armacy-
University of Kufa. T e spectra were set in between t e wavelengt of
300-700 nm range. In t e spectrop otometer de-ionized water was set
as an available reference.

2-8-2 Fourier Transform Infrared FT-IR Spectroscopy

FT-IR spectroscopy was used to determine t e various functional
groups involved in Z.-Spina Christi leaves extract and synt esized
ZnO-NPs. T ese were recorded and compared wusing FT-IR
spectrop otometer under t e spectral range of (4000—400) cm ' at t e
central laboratory in Faculty of P armacy-University of Kufa.
Identification of functional groups present in t e sample was recorded
at room temperature, and t e dried extract and synt esized ZnO-NPs
were carried out by t e KBr pellet met od. T e presence of t e various
vibrational modes in aqueous extract and synt esized ZnO-NPs were
investigated.

2-8-3 X-Ray Diffraction (XRD)

To determine t e average crystalline size of biosynt esized ZnO-
NPs and identification its crystalline features were c aracterized by
XRD tec nique at Ministry of Sciences and Tec nology-Bag dad-Iraq
wit Cu Ka radiation (Voltage = 40 kV, Current =30 mA, A=1.5406 A,
scan rate of 5.0° min" and scan range of 20 from 20 — 80°). From t e
XRD data obtained; t e crystalline size of t e synt esized ZnO-NPs

was calculated according to Debye—Sc errer’s equation [172].

kA

b =BCose

---------- eq. (1)
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Were, D is t e average crystalline size, A is t e wavelengt of X-ray

(1.5406 A), O is t e Bragg’s diffraction angle, f is t ¢ XRD peak full

widt at alf maximum (FWHM) of t e peak in radians, and kist e

s ape factor or Sc erer's constant (0.98).

2-8-4 Transmission Electron Microscopy (TEM)
Transmission electron microscopy (TEM) is a microscopy

tec nique w ereby a beam of electrons is transmitted t roug an ultra-
t in sample and interacting wit it to form an image involved
information about t e structure, crystallization, morp ology, and stress
of a substance. TEM images for synt esized ZnO-NPs were
investigated using t ¢ TEM tec nique at University of Kas an-Iran.
For TEM c aracterization, operating at 100 Kv, t e ultrasound bat was
used to diffuse a small amount of ZnO NPs into et anol. T e size and
morp ology of ZnO-NPs were investigated by suspending 0.01 g of t ¢
ZnO-NPs in 100 mL 95% et anol and sonication t e suspension for 20

minutes.

2-8-5 Scanning Electron Microscopy (SEM)

T e surface morp ology of green synt esized ZnO-NPs was
performed by using a SEM tec nique at University of Kas an-Iran.
ZnO-NPs were added to SEM slides to make a t in layer. T ent e
slide was set for SEM analysis after coating it wit carbon copper
grids. After t at ZnO-NPs were observed under SEM at an increasing

voltage of 20 KV, and t e images were recorded.

2-8-6 Atomic Force Microscopy (AFM)

Atomic force microscopy offers ultra- ig resolution in particle
size measurement and is based on a p ysical scanning of samples att e
sub-micron level using a probe tip of atomic scale. T e instrument
provides a topograp ical map of t e sample based on forces between

t e tip and t e sample surface. Samples are usually scanned in contact
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or noncontact mode depending on t eir properties. In contact mode, t e

topograp ical map is generated by tapping t e probe onto t e surface
across t e sample, and t e probe overs over t e conducting surface in
non-contact mode. Moreover, particle size obtained by t e AFM
tec nique provides a real picture w ic  elps understand t e effect of
various biological conditions. T e surface topology study of t e
synt esized ZnO-NPs by AFM analysis was at University of Kas an-
Iran. A t in film of ZnO-NPs was deposited on a silica glass slide by
dropping a few drops of t e ZnO-NPs solution on t e slide and t en
allowed to dry at 30 °C overnig t. T e deposited film on a silica glass
plate was scanned wit AFM Model Ntegra Prima AFM (NT-MDT,

Russia) for t e determination of t e nanoparticle's size.

2-9 In Vivo Applications of Zinc Oxide Nanoparticles
2-9-1 Animals of the Study

T e experiment on animals was carried out at t e laboratory
animal facilities at t e College of Sciences-University of Kufa. T irty-
six ealt y male rats (Sprague Dawley rats) were unsealing in t is
study weig ing from 200 to 205 gm obtained from t ¢ animal ouse in
t e College of Sciences-University of Kufa. Rats were kept in t e
animal ouses for acclimation to t e laboratory condition for two
weeks before using t em. T e study was performed during t e period
from May to August 2022. T ese animals were kept wit standard
environment situations temperature (25-27 C°) and relative umidity
(507%-607) conditions. T e animals were divided and oused in plastic
cages wit diameters of 50x35x15 cm [173].
2-9-2 Preparation of Adenine

Adenine (CsHsNs) wit  ig  purity grade, CAS NO.: 73-24-5 was

obtained from Solarbio Company (C ina). A 10 gm of adenine was
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dissolved in 10 mL DMSO and completed to 100 mL wit de-ionized

water.

2-9-3 The Experimental Design
T irty-six male rats were used in t is study and divided into six

equal groups; eac group consisted of 6 male rats as follows:

1-First group (G-I): Rats were received 0.5 mL DMSO one time daily
for 30 days and served as control group.

2- Second group (G-II): Rats in t is group were gavaged 0.5 mL
adenine (100 mg/kg. BW) dissolved by DMSO one time daily for 30
days. T e dose of adenine was ¢ osen from t e previous study by
[174], based on t e original met od by [175].

3- T ird group (G-III): Rats were received 0.5 mL of Z.-spina christi
leaves extract (10 mg/kg.BW) one time daily for 30 days. T e dose of
Z.-spina christi leaves extract according to previous study [176].

4- Fourt group (G-IV): Rats were received 0.5 mL of ZnO-NPs (10
mg/kg.bw) one time daily for 30 days [177].

5- Fift group (G-V): Rats in t is group were co-administrated 0.25 mL
adenine (100 mg/kg. BW) and 0.25 mL Z.-Spina Christi leaves extract
(10 mg/kg.BW at t e same time for 30 days [178].

6- Sixt group (G-VI): rats in t is group were co-administrated 0.25
mL adenine (100 mg/kg.BW) and 0.25 mL of ZnO-NPs (10
mg/kg.BW) at t e same time for 30 days, t is was ¢ osen in based on
t e pervious experiment by [179].

*T erats were weig ed and recorded t e weig ts before t e beginning

of t e treatment and weekly during t e treatment period.

2-9-4 Collection of Blood and Tissues
2-9-4-1 Blood Specimens

After 30 days of experiment and On t e 31' day, fasted rats were
anest etized by placing t em in a closed jar containing cotton rinsed

wit ¢ loroform to be sedated for t e next step w ic 1is blood drawn
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via cardiac puncture in sterile syringes by needle prick in t e eart

draining (2-3 ml) of blood carefully, t en blood placed in a test tube
containing gel w ic leaves for 30 minutes in room temperature and
t en used for getting serum by centrifuge at 3000 rpm for 15 minutes
and put it in Eppendorf tubes w ic kept at freezer (-20°C) till t e time
of bioc emical analysis.
2-9-4-2 Tissue Sampling

After blood collection and eart puncture, rats were sacrificed to
isolate kidneys and liver by order. T e kidneys and livers of eac
animal were quickly removed and rapidly weig ed t en prepared for

istological study according to Mesc er's met od [180].

2-10 Biochemical Analysis
2-10-1 Estimation of Kidney Function Tests

Kidney function tests of serums (uric acid, urea, and creatinine)
concentrations were spectrop otometrically determined according to
special kits.
2-10-1-1 Estimation of Uric Acid
e Principle

Uricase can catalyze t e decomposition of uric acid into allantoin,

CO,, and H,0,. T en Fe*™ in potassium ferrocyanide is oxidized by
H,0, to form Fe’". Fe’* can furt er react wit 4-aminoantipyrine and
3,5-dic loro- ydroxybenzene-1-sulfonic acid (DHBS) in t e presence
of peroxidase to form quinonimine derivative, a red-colored complex

t at as ac aracteristic absorption peak at 505 nm.
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Figure 2-3: The chemical reaction to determination of uric acid
e Reagents

Reagent I: Uric acid standard 10 mg/dL.

Reagent Il (Buffer): Phosphate buffer and 3,5-DHBS.

Reagent Ill: (Enzymes): Uricase, peroxidase, potassium
hexacyanoferrate (11) and 4-aminoantipyrine.

e Preparation of Standard Solution
1-T e spectrop otometer was run for 30 minutes, t ent e wavelengt was
adjusted at 505 nm, and set t e counter to zero wit de-ionized water.
2- Preparation of standard curve by dilution of 1 mg/dL of standard
solution wit de-ionized water to 20, 40, 60, 80, and 100 mg/dL for

standby.
Table 2-3: Preparation of standard solutions to determination of uric acid
Number | Standard Concentration | Uric Acid Standard De-ionized Water
(mg/dL) (1) (1L)
1 0 0 1000
2 20 20 980
3 40 40 960
4 60 60 940
5 80 80 920
6 100 100 900

3- T e concentration of eac standard solution been at t e x-axis, and
t e corresponding AA standard att e y-axis. T ent e linear regression
equation y=kx+b is obtained. AA were broug tintot e equation to get

x (mg/dL).
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Figure 2-4: Standard curve of uric acid
e Procedure
In 5 ml centrifuge tube, were mixed reagents as following:

Table 2-4: Mixing of reagents to determination of uric acid

Reagent name (mL) Control Tube | Specimen tube | Standard tube | Blank tube
(A Control) (A Specimen) (A Standard) (A Blank)
Specimen (mL) 0.25 0.25 -
Standard solution (mL) - - 0.25 -
De-ionized water - - - 0.25
Working solution A 0.75 0.75 0.75
Working solution B 0.75 - - -

T e mixture was mixed completely and placed in a water bat at 25°C for 30 min.

To measure t e absorption value (A) at 505 nm used ImL glass

cuvette. T e absorption was measured as A controls A specimens A Standards a0Nd
A Blank- A A Control — A Specimen ~ A Control+ A A Blank — A Specimen ~ A Blank- EaC test
tube needs to set up a contrast tube and t e standard curve only needs

to test once or twice.

e Calculation:

. . . m XXVS
Uric acid concentration (—g) = =168x
dL VSxM.wt

W ere, k= T e slope of t e standard curve, b= T e intercept of

standard curve, VS: Sample volume=0.25 mL, VE: Extract solution

volume=1 mL, M: Molecular weig t of uric acid=168 g/mol.
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2-10-1-2 Estimation of Urea
e Principle
T e colorimetric estimation met od of urea based on t e specific
action of urease w ic  ydrolyses urea to form ammonium and carbon
dioxide. In t e presence of sodium nitroprusside, t € ammonium ions
(NH',) combine

wit alkaline ypoc lorite and sodium salicylate to form a blue-green
2,2-dicarboxy indop enol.

0
Urease
H,N" "NH; + H,0 — 2NH;+CO,
Urea Ammonia
0
N1tropruss1de

NH', + ONa . Nacto 0" + NaCl

OH
Ammonia  Sodium Salicylate  Sodium Hybochlorite Coo

2,2-Dicarboxy mdopheno
Figure 2-5: The chemical reaction to determination of urea

The intensity of the color is directly proportional to urea

concentration in the specimen, which is measured at 600 nm.

e Reagents
Reagent I: Urea standard, 50 mg/dL (8.3 mmol/L)
Reagent Il (Enzyme reagent): Urease > 500 U/mL Stabilizer.
Reagent 11l (Buffered chromogen): Phosphate buffer, sodium
salicylate and sodium nitroprusside.
Reagent IV (Alkaline hypochlorite): Sodium hypochlorite and
sodium hydroxide.

e Procedure

1-T e spectrop otometer was run for 30 minutes, t en t ¢ wavelengt
was adjusted at 600 nm, and set t e counter to zero wit de-ionized

water.

46



Chapter Two Materials and Methods
2-Standard solution: Urea standard solution was diluted (1 mg/dL) to

0.25 mg/dL wit de-ionized water.
3- Reagents were added to t e following list:

Table 2-5: Addition of reagents to determination of urea

Reagent name (uL) Blank tube Standard tube | Specimen tube | Control tube
(A Blank) (A Standard) (A Specimen) (A control)
Reagent 111 500 500 500 500
De-ionized water 2 e e s
T e mixture was s acked well, t en placed at 25°C in water bat for 10 min.
Reagent 11 | Drop(100) | Drop(100) | Drop(100) | Drop (100)
Mixed t oroug ly,t en added
Standard solution | =~ ------- L e T
Specimen | ---m- | emeeee- 200 200
T e mixture was s acked well, t en placed at 25°C in water bat
for 10 min.
Reagent IV 200 \ 200 \ 200 \ 200

T e mixture mixed well, incubated at room temperature for 10 min, t en measured t e
absorbance at 600 nm as, AA Standard — (A Standard™ A Blank)a AA Specimen — (A Specimen ~ A control).

e Calculation

AA Standard X CS AA Standard

mg) AA Specimen . 0°25 X AA Specimen

Urea concentration (—
dL

W ere, Cs: concentration of standard solution= 0.25 mg/dL.

2-10-1-3 Estimation of Creatinine
e Principle
T e principal assay is depended on t e reaction of creatinine wit

picric acid in an alkaline solution to form yellow — a red complex as

following:
NH O OH O
X, o Lk
Hsc -~ N N H + o = \o_
é\ +
0 Ny
o O
Creatinine Picric acid Creatinine-picric acid complex

(Yellow-red chromogenic substance)

Figure 2-6: The chemical reaction to determination of urea concentration
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The intensity of the produced color is proportionate with the

creatinine solution in the serum. Creatinine was determined by
measuring the absorbance at 520 nm.
e Reagents

Reagent I: Creatinine standard.

Reagent I1: Picric acid.

Reagent I11: Sodium hydroxide.

Additional reagent was required but not provided: Trichloroacetic
acid (TCA).

e Procedure
Serum preparation
A 0.5 mL of serum was taken and added 0.5 mL of additional
reagent (TCA). T e mixture was centrifuged at 4°C, 12000 g for 10

minutes, t ent e supernatant was collected for testing.

1-T e spectrop otometer was run for 30 minutes, t en t e wavelengt
was adjusted at 520 nm, and set t e counter to zero wit de-ionized
water.

2- Reagents were added as t e following list:

Table 2-6: Addition of reagents to determination of creatinine

Reagent Name (mL) Specimen tube | Blank tube Standard tube
(A Specimen) (A Blank) (A Standard)
Specimen | I I
De-ionized water ---- 0.5 | -
Standard solution (RI) | ==~ | = ----- 0.5
N 0.5 0.5
working solution (RII + RIII) 1 1 1
T e mixture was mixed completely and placed at 25°C for 10 min.

T e absorbance was determined at 520 nm. T ey are respectively
recorded as A Specimens A Blanks and A Standard-

AA Specimen = (A Specimen ~ A Blank), AA Standard — (A Standard ~ A Blank)-

e Calculations

Creatinine concentration ( 9

VU+VE2

mg) — CSx AA Specimen
AA Standard
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W ere, CS: standard tube concentration=20 mg/dl, VU: volume of

supernatant during extraction= 0.75 ml, VEI: add t e volume of
extracting solution I=1 ml, VE2: add t e volume of extracting solution
[1=0.25 ml, VL: t e volume of liquid sample=0.1 ml.
2-10-2 Estimation of Liver Function Tests

For determination of epatic enzyme activities by appropriate
commercial kits. Activities of ALT, AST, and ALP were determined

spectrop otometrically based on special kits.

2-10-2-1 Estimation of Alanine Aminotransferase Activity
e Principle
ALT catalyzes t e transamination reaction of alanine and o-
ketoglutarate to generate pyruvate and glutamic acid according to t e

following reaction:

o_\cfo 0§c/o
CHs O::(!_: Alanine TH:" H3N+—(|:H
H3N:—(i‘.H 4 é;Hz _ aminofransferase c=0 HZC:
o % HaC 07~ CHa
0—/ & §0 o~ ¢ ™~ o
L-Alanine o-ketoglutarate Pyruvate L-Glutamate

Figure 2-7: The chemical reaction to determination of ALT

T e addition of 2,4-dinitrop enyl ydrazine solution not only
terminates t e above reaction but also increases into p enyl pyrene
pyruvate; w ic s ows brownis red in alkaline conditions, t e activity
of ALT enzyme activity can be calculated by measuring t e absorbance
of 540 nm.

e Reagents
Reagent I: Pyruvate standard
Reagent I1: Phosphate buffer, L-Alanine and a-ketoglutarate.
Reagent I11: 2,4-dinitrophenylhydrazine.

Reagent 1V: Sodium hydroxide (NaOH).
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e Preparation of Standard Curve

1-T e spectrop otometer was run for 30 minutes, t en t e wavelengt

was adjusted at 540 nm and set t e counter to zero wit de-ionized

water.

2- Standard solutions were obtained by t e following table operation.

Table 2-7: Preparation of standard solutions to determination of ALT

Pyruvate Standard | De-ionized water | ReagentII | Concentration of standard (umol/mL)
(mL) (mL) (mL)

0 0.5 2.00 0.00
0.1 0.5 1.9 0.05
0.2 0.5 1.8 0.1
0.3 0.5 0.7 0.2
0.4 0.5 1.6 0.4
0.5 0.5 1.5 0.6
0.6 0.5 1.4 0.8
0.7 0.5 1.3 0.1
0.8 0.5 1.2 1.5

Note: 0 pumol/mL standard tube as a blank tube.

3- T e standard curve was plotted t e standard concentration as t e X-

axis, and t e absorbance as t e Y-axis. T e absorbances of t ¢

increasing amount of pyruvate standard correspond to transaminase

activities. Take (A specimen A control) 1Nt0 t € equation y=kx+b to find t e

x value.

Abs (540)

1.4

1.2

0.8

0.6

0.4

0.2

y =0.07167 x + 0.0579

0.5

R2=0.998

1

1.5 2

Conc. (umol/mL)

Figure 2-8: Standard curve of ALT
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e Procedure
Reagents were mixed as t e following table:

Table 2-8: Mixing of reagents to determination of ALT

Reagent Name Specimen tube Blank tube
(mL) (A Specimen) (A Blank)
Reagent II 0.5 0.5
Mixed, incubated in a water bat at 25°C for 10 min
Specimen |
De-ionized water | = ----- 1
Mixed exactly at 25°C in water bat for 30 min.
Reagent III | 0.5 | 0.5
T e mixture was s aken t oroug ly, and placed for 20 min at room temperature.
Reagent IV | 0.5 | 0.5

T e mixture was mixed and t ent e absorbance was detected at 540 nm of specimen tube

against blank tube after 10 minutes.

e Calculations
T ¢ standard concentration as t e X-axis, and t € AA (A specimen ~A

Blank tube) @S t € Y-axis, was obtained t e standard curve y=kx+b.

XX (VS+V Reagent I) 1 .
Vs XT =12x

ALT (U/mL)=

W ere, Vs: Specimen volume=1 mL, V geyeent 11 Reagent I volume=0.1
mL,
T: Reaction time=30 minutes.

2-10-2-2 Estimation of Aspartate Aminotransferase Activity

e Principle
AST catalyzes a-ketoglutaric acid react wit aspartate to produce

glutamate and oxaloacetate according to t e following reactions:

? ° \c¢o cl’ o ~c 7’0
c=0 | c=0 + |
(l':H 0::(;; Aspartate ] H;N—CH
aminotransferase CH I
o1 2 +  CHy = = 2 4+ CH,
HsN-CH l c=0 f
| HyC | H,C
¢-° ¢ 0=¢ L
- - \ | _ e
0 0O o) O o) ~o0
L-Aspartate a-ketoglutarate Oxaloacetate ~ L-Glutamate

Figure 2-9: The chemical reaction to determination of AST
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Oxaloacetic acid is furt er de-carboxylated to form pyruvate,

pyruvate can react wit 24-dinitrop enyl ydrazine to produce 2,4-
dinitrop enyl ydrazone, w ic s ows brownis red in alkaline
conditions. T e AST activity can be calculated by measuring t e
absorbance of 540 nm.

e Reagents
Reagent I: Pyruvate standard
Reagent I1: Phosphate buffer, L-Aspartate and a-ketoglutarate.
Reagent I11: 2,4-dinitrophenylhydrazine.
Reagent IV: Sodium hydroxide (NaOH).

e Preparation of Standard Curve
1-T e spectrop otometer was run for 30 minutes, t en t e wavelengt
was adjusted at 540 nm, and set t e counter to zero wit de-ionized
water.
2-Standard curve detection

Firstly, t e standard was diluted to 2 pumol/mL wit de-ionized

water, and t e corresponding concentration standard tube is obtained by
mixing t e pyruvate standard and reagent II according to t e table
below:

Table 2-9: Preparation of standard solutions to determination of AST

Pyruvate Standard | De-ionized water | Reagent Il | Concentration of standard (umol/mL)
(mL) (mL) (mL)

0 0.5 2.00 0.00
0.1 0.5 1.9 0.05
0.2 0.5 1.8 0.1
0.3 0.5 0.7 0.2
0.4 0.5 1.6 0.4
0.5 0.5 1.5 0.6
0.6 0.5 1.4 0.8
0.7 0.5 1.3 0.1
0.8 0.5 1.2 1.5

Note: 0 umol/mL standard tube as a blank tube.
3- T e standard curve was plotted t e standard concentration as t e X-

axis, and t e absorbance as t e Y-axis. Absorbances of t e increasing
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amount of pyruvate standard correspond to ALT activities. (A specimen ~A

control) Were taken into t e equation y=kx+b to find t e x value.

1.6
y=0.8653 x + 0.1104
14 R2=0.994

1.2
1

0.8

Abs (450)

0.6

0.4

0.2

0 0.5 1 1.5 2
Conc. pmol/mL

Figure 2-10: Standard curve of AST

e Procedure

Reagents were mixed as t e following table:

Table 2-10: Mixing of reagents to determination of AST

Reagent Name Specimen tube Blank tube
(mL) (A Specimen) (A Blank)
Reagent 11 0.5 0.5
Mixed, incubated in a water bat at 25°C for 10 min
Specimen I
De-ionized water | = ----- 1
Mixed exactly at 25°C in water bat for 30 min.
Reagent III | 0.5 | 0.5
T e mixture was s akent oroug ly, and placed for 20 min at room temperature.
Reagent IV | 0.5 | 0.5

T e mixture was mixed and t ent e absorbance was detected at 540 nm of specimen
tube against blank tube after 10 minutes.

e Calculations

XX (VS+V R I) 1
AST (UfmL)=———""x 1 =12

W ere, Vs: Specimen volume = 1 ml, Vg;: Reagent I volume = 0.1 mL,

T: Reaction time = 30 minutes.
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2-10-2-3 Estimation of Alkaline Phosphatase Activity
e Principle
In alkaline conditions, ALP catalyzes ydrolysis disodium p enyl
p osp atetop enoland p osp ate. T e produced p enol reacts wit 4-
Aminoantipyrine and potassium ferricyanide to form a red quinone
derivative, w ic can be detected absorbance at 510 nm is directly

proportional tot e ALP activity int e specimen.

0 /O—Na
2%
g OH
Na—O
Alkaline Phosphatase
-+ Hzo —_— =+ Na,HPO,
Disodium phenyl phosphate Phenol

HC NH, H,C N
B — 0
P

3C/N\ H3C/N\N §O

OH H N =)
ij + @ K, Fe(CN), @ + 4

Phenol 4-A1ninoantipyrine Quinone derivative
(Red chromogenic substance)

Figure 2-11: The chemical reaction to determination of ALP

e Reagents
Reagent I: standard (Phenol)
Reagent I1: Carbonate-bicarbonate buffer disodium phenyl phosphate
Reagent I11: 4-Aminoantipyrine and sodium arsenate
Reagent IV: Potassium ferricyanide (KsFe (CN)s).
e Procedure
1-T e spectrop otometer was run for 30 minutes, t ent e wavelengt was
adjusted at 510 nm, and set t e counter to zero wit de-ionized water.
2-T e reagents were added in 5 mL test tube as t e following:

Table 2-11: Addition of reagents to determination of ALP

Reagent Name | Specimen tube Control tube Blank tube Standard tube
(mL) (A Specimen) (A Control) (A Blank) (A Standard)
Reagent I1 2 2 2 2
Mixed, incubated for 10 minutes at 25°C
Standard ‘ ----- ‘ ----- ‘ ----- ‘ 0.2
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Specimen | 0.2 | | - |
T e mixture was mixed t oroug ly, staying in 25°C for 15 minutes.
Reagent I1I | 0.5 \ 0.5 \ 0.5 \ 0.5
Mixed well, incubated at 25°C for 5 minutes.
Reagent VI 0.5 0.5 0.5 0.5
Specimen | = ----- Y e
De-ionized | ~ - | - 02 | -
water
T e mixture was mixed t oroug ly, incubated in dark for 10 minutes, and measured t e
absorbance at 510 nm of specimen (A specimen), €ONtrol (A control), Standard (A siandard) and
(A Blank)-

e C(Calculation:

Csx (A Specimen'A Control)
(A Standard'A Blank)sz
Vs

ALP (U/mL)=

1
X T =0.1 67X(A Specimen'A Control)X(A Standard'A Blank)

W ere, Cs: Standard concentration=2.5 pmol/ml, Vs: Specimen

volume = 0. 2 ml, T: Reaction time =15 minutes.

2-10-3 Estimation of Antioxidant Statues

The antioxidants statues which included total antioxidant capacity
(TAC), catalase (CAT), superoxide dismutase (SOD), reduced
glutathione (GSH), oxidative stress parameters malondialdehyde
(MDA) as a marker for lipid peroxidation, and nitric oxide (NO) were

determined spectrophotometrically using a commercial assay Kits.
2-10-3-1 Estimation of Total Antioxidant Capacity Assay

e Principle

T e principal assay was based on t e reduction of Fe’'-TPTZ
(2,4,6-tris(2-pyridyl)-1,3,5-triazine) by antioxidant substances in acidic
medium to form of t e blue Fe*-TPTZ t at absorbed at 593 nm.
Amount of iron reduced was correlated wit t e concentration of t e

total antioxidant capacity.
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Figure 2-12: The chemical reaction to determination of TAC

e Reagents

Reagent I: Ferrous sulfate epta ydrate (FeSO,4.7H,0) standard
Reagent II (Diluent): 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ)
Reagent III (Solution): 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ)

Reagent I'V: Assay buffer concentrate

e Preparation of Standard Curve
I- T e fres ly FeSO, solution was prepared by dissolved 0.00139 mg
of FeSO,.7H,0 in 1 mL p osp ate-buffer saline (PBS), t ¢ solution
was diluted 10 times to make t e concentration of 5 umol/mL.
2- T e following Standard solutions of Fe’" 0.5, 0.25, 0.125, 0.0625,
0.03125, 0.0156 pumol/mL were prepared as describe in t e following

table:

Table 2-12: Preparation of standard solutions to determination of TAC

[FeSO4] FeSO,4 solution De-ionized water
(umol/mL) (mL) (mL)
0.5 1 9
0.25 0.5 9.5
0.125 0.25 9.75
0.0625 0.125 9.875
0.0315 0.063 9.973
0.0156 0.0312 0.9688
0 0 10

3-T e spectrop otometer was run for 30 minutes, t ent e wavelengt

was adjusted at 593 nm, used t e de-ionized water to set t e counter to

zero, and measured t e absorbance.
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4- Standard curve were created by taken standard concentrations of

2+ . . . . .
Fe”" as X-axis, absorbances as Y-axis, to get linear regression equation

y=kx+ b.

0.6 [ 1

= 0.907x +0.0832 € 0.5

R= 0.996 s
- 0.4

0.1

0.5 0.6

Figure 2-13: Standard curve of TAC

e Procedure
1- Solutions of TBTZ Diluent, TBTZ solution and assay buffer wit
ratio of 10:1:1were mixed to make t e assay solution, were prepared of
direct used, operated on ice.
2- A 50 pL of specimen were added, positive control and de-ionized
water (blank solution) to test tube.
3- A 150 pL of assay solution were added to eac test tube.
4- T e mixture was mixed t oroug ly and incubated at 25°C for 10 min.

5-T e absorbance was measured at 593nm.

e Calculations
T e total antioxidant capacity (umol/mL) of t e specimen was calculated
according to t e standard curve using linear regression fitting (y = mx

+ b) to get x value.
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2-10-3-2 Estimation of Catalase Activity Assay

e Principle
Catalase is t e main enzyme of clearing H,O,, w ic plays an
important role in t e active oxygen scavenging system. T e principle
test of catalase based on t e rapid detection of catalase presence, w ic
become evident by t e formation of copious gas bubbles. H;O, as
c aracteristic absorption peak at 240 nm. It can be decomposed into
H,0 and O, by catalase w ic makes t e absorbance of reagent at 240

nm decreases.

Catalase
2H,0, » 2H,0O + O,
Hydrogen peroxide Water Oxygen
(Absorbance at 240 nm) (No Absorbance at 240 nm)

T e eig t of t e foam is an indication of t ¢ amount of catalase
present and can be calculated according to t e c ange rate of
absorbance.

e Reagents: Sample dilution buffer, assay buffer, ydrogen
peroxide (H,0,) and catalase standard.

T e spectrop otometer was run for 30 minutes, ten t e
wavelengt was adjusted at 240 nm and set t e counter to zero wit de-
ionized water.

e Procedure

1- T e working reagent of CAT was eated in water bat at 25°C for 10
minutes.

2- One mL of CAT working reagent and 35 pL of specimen were added
in 1 mL quartz cuvette, mixed for 5 seconds. Immediately detected t e
absorbance at 240 nm at t e initial time (A;) and t e absorbance after

reaction for 1 minute (A,), A A=A,-A, was calculated.
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e Calculations:

AAxVrv
(exd) x 10°

1
CAT activity (U/mL) = Xz =678xAA

Vs

W ere, Vrv: Total reaction volume = 1.035x10° L, &: Molar

extinction coefficient = 43.6 L/mol/cm, d: Lig t pat of cuvette =1 cm,
Vs: Sample volume = 0.035 mL, Vsv: Extraction volume = 1 mL, T:

Reaction time =1 minute, 10 Unit conversion factor, 1 mol=10° pmol.

2-10-3-3 Estimation of Superoxide Dismutase Activity Assay
e Principle

Superoxide dismutase (SOD) catalyzes t e superoxide anion (O7)
to form H,0, and O,. It is not only t e superoxide anion scavenging
enzyme, but also t e main H,0O, producing enzyme, w ic plays an
important role in t e biological antioxidant system. Superoxide anion
(O7) 1s produced by t e xant ine and xant ine oxidase reaction system.
O7, can reduce t e tetrazole (WST-1) to form blue formazan (WST-1),
w ic as an absorbance in of 450 nm. SOD can remove O’, and
in ibit t e formation of met ionine. T e darker blue color of t e
reaction solution, t e lower activity of SOD. T e lig ter blue color of

t e reaction solution, t e 1g er activity of SOD.

XKanthine + O,
o S0,
PN
> 0.8 a ’ W3aT-1 Formazan
L] N=—pN" Blue

Hi

H—n
23S — . Na* WST-1 Tetrazolivm salt
=N \ Colerless

=) NH - NH
Utic acid + H,O,

Inhibition
Reaction

Superoxide Dismutase
(sODY
02 + H202

Figure 2-14: The chemical reaction to determination of SOD
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e Reagents

Reagent I: Superoxide dismutase standard
Reagent II: Xant ine oxidase enzyme
Reagent III: WST-1 (working solution)

Reagent IV: SOD assay buffer
Reagent V: Xant ine solution

T e spectrop otometer was run for 30 minutes, t en te

wavelengt was adjusted at 450 nm, and set t e counter to zero wit

de-1onized water.

e Producer

Reagents were added as t e following table:

Table 2-13: Addition of reagents to determination of SOD

Reagent (uL) Specimen tube Control tube Blankl tube Blank?2 tube
(A Specimen) (A Control) (A Blankl) (A BlankZ)

Specimen 40 40 - -
De-ionized water 40 40 80 80
Reagent 1 100 100 100 100
Reagent 11 40 40 - -
Reagent II1 200 200 200 200
Reagent IV 30 30 70 70
Reagent V 50 50 50 50

T e mixture was mixed t oroug ly and incubated at room

temperature for 30 minutes, t en t e mixture was added into a 1mL

glass cuvette and detected t e absorbance value of eac tube at 450 nm.

A A Specimen — A Specimen ~ A Controls A A Blank— A Blank1 = A Blank2

e Calculations:

In ibition percentage =

SOD activity (U/mL) =

AA Blank -AA Specimen

P

AA Blank

(AP)xViv | 11.4xP

VsxF

" (1-P) xF

x100%

W ere, Vrv: Total reaction volume=1.026 mL, Vs: Sample volume =
0.09 mL, P: In ibition percentage=%, F: Sample dilution multiple.
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2-10-3-4 Estimation of Reduced Glutathione Assay
e Principle
Glutat ione can react wit 5,5'-dit iobis-(2 nitrobenzoic acids)

(DTNB) to form 2-nitro-5-t iobenzoic acid (TNB) and mixed disulfide.
2-nitro-5-mercaptobenzoic acid (TNB) i1s a yellow product wit t e
maximum absorption at 412 nm. T e rate of TNB formation is

proportional to t e concentration of GSH in t e serum.

HOOC COOH COOH COOH
TNB (2-nitro-5-thiobenzoic acid) Mixed disulfide

DTNB (5,5'dithiobis-(2 nitrobenzoic acid)
Colorless Yellow

Figure 2-15: The chemical reaction to determination of GSH
e Reagents

Reagent I: Acid reagent
Reagent I1: Reduced glutathione (GSH) standard solution

Reagent I11: Phosphate buffer
Reagent 1V: DTNB solution
Reagent V: Salt reagent

e Procedure
1- Pretreatment of t e specimen: 0.5 ml of t e sample was added to 0.5

ml of reagent I, t en centrifugated at 4000 g for 10 min and collected
t e supernatant for measurement.

2- Reagents were added as t e following table:

Table 2-14: Addition of reagents to determination of GSH

Reagent name Specimen tube Standard tube Blank tube
(mL) (A Specimen) (A Standard) (A Blank)
Reagent | - --- 1
Reagent 11 --- 1 ---
Specimen 1 --- -
Reagent III 1.25 1.25 1.25
Reagent IV 0.25 0.25 0.25
Reagent V 0.05 0.05 0.05
T e mixture in eac tube was mixed fully and stand for 15 minutes at room
temperature. T e spectrop otometer was adjusted to zero wit de-ionized water
at t e wavelengt 412 nm, and measured absorbances, A specimen, A Standard and A
Blank. T_en recorded, AA = (A specimen~ A Blank) and AA>= (A siandard~ A Blank)
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e Calculation:

AA
[GSH] (umol/mL)=—— xCxMx2xF
AA;

W ere, C= Concentration of standard, 20x107 umol/mL, M=

Molecular weig t of GSH, 307 gm/mol, 2= Dilution factor of sample
pretreatment, 2 times and F= Dilution factor of sample before test.

2-10-3-5 Estimation of Malondialdehyde Assay

e Principle

T e level of lipid peroxidation can be s own by detecting t e level
of malondialde yde (MDA). Under acidic and 1ig temperature
conditions, MDA in t e sample was reacted wit t iobarbituric acid
(TBA) to produce t e pinked color MDA-TBA adduct w ic can be

easily measured att e wavelengt 532 nm.

0

I :

| Sxo Ny OH HO_ N _SH

2 NH A Y A a

cle + 2 /& — AN+ 2H0

g 07 NH s OH o
Malendialdehyde  2-Thiobarbituric Acid MDA-TBA Adduct

MDA TBA

Figure 2-16: The chemical reaction to determination of MDA

Increasing levels of MDA or ot er reactive alde ydes cause a linear
increase int e color. T e content of lipid peroxidation can be estimated
after colorimetric. But t e soluble sugar will disturb t e detection, t e
production (color reaction of soluble sugar wit TBA) as absorption
wavelengt of 450 nm and 532 nm. In t is kit, t ¢ MDA content is
calculated by t e difference between t e absorbance at 532 nm, 450
nm, and 600 nm. Because of sucrose in plant tissues and glucose in
animal tissues, t is kit as two computational formulas for sucrose and

glucose. T e two formulas are suited for fat.
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e Reagents

Reagent I: Malondialde yde (MDA) standard
Reagent I1: Sample diluent (diluted ydroc loric acid)
Reagent I1I: TBA (2-T iobarbituric acid)

T e spectrop otometer was run for 30 minutes, and set t e counter
to zero wit de-ionized water.

e Procedure
T e reagents were added as t e following table:

Table 2-15: Addition of reagents to determination of MDA

Reagent (ml) Specimen tube Blank tube
(A specimen) (A Blank)
Reagent [ 0.3 0.3
Specimen 0.2 -
De-ionized water - 0.2
Reagent 11 0.2 0.2
Reagent III 0.3 0.3

T e mixture was incubated at 25 °C for 60 minutes wit s aking
tig tly closed to prevent moisture loss, t en centrifuged at 10000 g for
10 minutes at room temperature to remove insoluble materials. T e
produced supernatant was taken and transferred to 1 mL glass cuvette,
and t en t e absorbance was measured at 450 nm, 532 nm, and 600
nm.

AA450=A4s0(Specimen)-Ayso(Blank)
AAs3,=As3(Specimen)-As;,(Blank)
AAgoo =Asoo(Specimen)-Agoo(Blank)
T e blank tube needs to test once or twice.

e Calculation:

(6.45% (AA532 -AA600)-1.29xAA450)xVrv
Vs

[MDA] (umol/mL) =

=5x (6.45% (AA532 -AA600)-1.29xAA450)

W ere, Vrv: Total reaction volume=1 mL, Vs: Sample volume=0.2 mL.
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2-10-3-6 Estimation of Nitric Oxide Scavenging Assay

e Principle
Nitric Oxide (NO) is easily oxidized to form (NO73) and (NO7) in
t e body or an aqueous solution. T is met od uses t e nitrate reductase
to reduce (NO73) to (NO) specifically. Under acidic conditions, NO",
and Diazonium sulfonamide produce diazo compounds. T e
compounds could furt er couple wit nap t yl et ylenediamine. T e
product as a c aracteristic absorption peak at 540 nm, and its

absorbance value can be measured to calculate t ¢ NO content.

Nitrate Reductase

NC)'3 v NO'2
Nitrate 2° Nitrite
O . O
. 1 H ] .
NO~, + H2N—S©NH2 _— H2N—S@N=N
.. 1 Il
Nitrite e O
sulfanilamide Diazonium salt of sulfonamide
(Griess I)

NH
HN N 2 N

o il

|1 +_ N
H,N—S N=N 4 —_—

él)
Diazonium salt of sulfonamide Naphthyl Ethylenediamine

(Griess II)
O:?:O
NH,

Diazonium Compound

Figure 2-17: The chemical reaction to determination of NO

e Reagents
Reagent I: Sodium nitrite (NaNO,) standard
Reagent I1: Griess | (Sulfanilamide)
Reagent I11: Griess Il (Naphthyl ethylenediamine)
Reagent IV: VClI; reagent
Reagent V: ZnSO,

e Preparation of Standard Curve
1- Using 10 umol/mL of NaNQO, standard to prepare standard curve

as describe in t e following table.
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Table 2-16: Preparation of standard solutions to determination of NO

Volume of 10 (umol/mL) | Volume De-ionized water | Standard solution concentration
NaNO, Standard (mL) (mL) (umol/mL)
10 0 10
5 5 5
2.5 7.5 2.5
1.25 8.75 1.25
0.625 9.375 0.625
0.3125 9.6875 0.3125
0.1562 9.8438 0.1562
0 10 0

e Procedure
1- Working reagent: T e fres ly working reagent was prepared by mixing
2 mL VClI; reagent, 4 mL Griess I reagent and 4 mL Griess II reagent.
2- A 0.2 mL of diluted standard solution and sample were added to
separate Eppendorf tube, t en added 0.3 mL of working reagent to eac
standard and sample tube.
3- T e mixture was mixed well and incubated t e reaction at 25°C for
30 minutes.
4- T e reaction tubes were briefly centrifuged to pellet any condensation,
t en transferred 0.25 mL of eac reaction to new separate Eppendorf tube.
5- T e spectrop otometer was run for 30 minutes, t en set t e counter
to zero wit de-ionized water att e wavelengt 540 nm.
6- Absorbances were measured as A sundards A Specimen ANd A piani (de-

ionized water)

e Calculations:
1- T e standard curve was created by plotted AA;s40) as Y-axis and

prepared standard concentration as X-axis, t en determined t e slope
using linear regression fitting (y = mx + b).

2- T e NO concentration of specimen was calculated as:

(AA2(540)' b)
axf

[NO] (umol/ml) =

W cre, AA1(540): absolute (A Standard'A Blank): A1A2(540): absolute (A Specimen™
A Bunk), a: t € slope of standard curve and f: dilution factor of sample

before test.
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0.9
0.8 | y=8.1297 x +0.0258
0.7 RZ=0.999
§ 0.6
e’ 0.5
<‘— 0.4
<3 03
0.2
0.1

o

0 2 4 6 8 10 i2

[NO-,] pmol/mL

Figure 2-18: Standard curve of NO

2-11 Histological Study
e Histological Technique (E & H) stain

T e kidneys and livers of rats were istological examination wit a
lig t microscope for assessment of istological alterations [181], as t e
following steps:

1-Fixation
T e specimen fixated int e formalin 10 % for 24 — 48 ours.
2-Washing and Dehydration
After fixation, t e specimens were was ed wit water to remove

t e fixative to avoid t e interaction between t e fixative and staining
materials used later. By de ydration, t ¢ water ad been completely
extracted from fragments by bat ing t em successively in a graded
series of et anol and water (70 %, 80 %, 90 %, and 100 % et anol).

3-Clearing
Bat ing t e de ydrated fragments in solvent (xylene) for 30 — 60

minutes, t is step was repeated 3 times. As t e tissues cleared, t ey
generally became transparent.

4-Infiltration and Embedding
Once t e tissue fragments were impregnated wit t e solvent, t ey

were placed in melted paraffin in an oven, typically at 52°C. T e eat
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causes t e solvent to evaporate, and t e space wit in t e tissues

becomes filled wit paraffin.

5-Sectioning
After olds from t e oven, t e specimen left at room temperature

to be solid and removed from t eir containers to section. T ey were put
int e rotary microtome and were sliced by t e microtome, a steel blade
into sections 5 micrometers t ick. T e sections were floated on a water
bat (50-55 °C), t en transferred into glass slides coated wit Mayers
albumin as an ad esive substance and left to dry.

6-Staining
T e istological sections of t e studied organs were stained wit

Hematoxylin - Eosin stain.

2-12 Statistical Analysis
T e results were expressed as mean + standard deviation (SD) of

studied groups using t e analysis of variance test (one way-ANOVA)
followed by Tukey post ock test to determine t e differences between
t e averages wit statistical significance at P < 0.05. All statistical
analyses were performed by Statistical Package for t e Social Sciences

Software (Version 26, SPSS Inc., C icago, IL, USA).
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3 Results and Discussion

3-1 Qualitative Analysis of the Phytochemicals in the Ziziphus-
spina christi Leaves Aqueous and Alcohol Extracts.

T e present study screening of p ytoc emicals from some selected
Z.-spina christi leaves extract were carried out. P ytoc emicals were
extracted by organic solvents, including et anol and aqueous extract.
t eresult was s owed t att e presence of p ytoc emical constituents.
T e presence of mentioned components in t ese plants clearly confirm
t att ese plant species are ric indigenous sources for p armaceutical

industries.

Investigation of t e crude p ytoc emical compounds presented in
t e Z.-spina christi leaves extract is s own in table 3-1. Ziziphus-spina
christi leaves are ric in ¢ emical constituents. Flavonoids, alkaloids,
terpenoids, p enolic compounds, steroids, saponins, tannins, proteins,
amino acids, quinines, and carbo ydrates ave been documented int is
study, t at was elped to know biological effect of t ese constituents in

t e plant extracts.

P ytoc emicals in Z.-spina christi leaves ave a significant role
in reductant, capping, and stabilizing t e nanoparticles. Flavonoids and
p enolic compounds play a principal role in t e reductant of metal
precursor salts. As flavonoids ave various functional groups, w ic
are capable of reductant metal ions to nanoparticles, t ¢ OH groups
present in p enols and flavonoids can reduce and stabilize t e zinc
compounds into ZnO-NPs. Also, tannins and saponins may act as t e

capping agents [182], [183].
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Table 3-1: Qualitative analysis of the phytochemicals in the Ziziphus-
spina christi leaves aqueous and alcohol extracts.

Phytochemical Screening Reagents Used Detection indicator Results
Proteins and amino acids Xant oproteic Yellow color ++
Biuret Violet color ++
Alkaloids Dragendorff's Orange-brown spots -
Flavonoids Sg(gﬁ /OEIt\I:SEJF Dirty yellowis ++
E Saponins Distilled water Foam +
£ P enolic Compounds 2% Ferric ¢ loride Brownis color ++
E Carbo ydrates Benedict Orange red color +++
2 Terpenoids +
§ Terpenoids and Steroids C loroform and Reddis rf)brown color
= HZSO4 s
< Steroids -
Coumarins 10% NaOH Yellow color fluorescence n
Tannins 10% KOH Dirty w ite precipitate ++
Resins 4% HCI Strong turbidity +
Quinines Alco olic KOH Red to blue color +
Fats and Oils Stain test Oil stain ++
Proteins and amino acids Xant oproteic Yellow color +
Biuret Violet color +
Alkaloids Dragendorff's test Orange-brown spots +++
Flavonoids 5(5)(()1?) A)E;:gﬁjL Dirty yellowis ++
Saponins Distilled water Foam ++
§ P enolic Compounds 2% Ferric c loride Brownis color ++
E Carbo ydrates Benedict Orange red color ++
= Terpenoids
£ ' . C loroform and Reddis -brown color A
g | Terpenoids and Steroids H,S0, i
= Steroids n
green-blue color
Coumarins 10% NaOH Yellow color fluorescence +
Tannins 10% NaOH Formation of emulsion ++
Resins 4% HCI Strong turbidity ++
Quinines Alco olic KOH Red to blue color +
Fats and Oils Stain test Oil stain +
Source: Experimental results
(+) Presences of constituents, (++) moderate presences of constituents,
(+++) ig presence of constituents, (-) Absence of constituents.
3-2 Biosynthesis of Zinc Oxide Nanoparticles
T e synt esis of ZnO-NPs using biological tec niques as

received a lot of interest recently, mainly to its safety, eco-friendliness,

and low cost, in addition to t e removal of 1g energy or

¢ emical by-products utilized in ¢ emical met ods [184].
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T e color ¢ ange was t e first indication for synt esis ZnO-NPs,
and t is ¢ ange was observed after 15 minutes w en mixed t e solution
of zinc nitrate exa ydrate salt wit t e aqueous extract of Z.-spina
christi leaves. T e principal be ind nanoparticle production was t e
reduction of zinc nitrate exa ydrate (Zn(NO;),.6H,0) into ZnO-NPs
by t e p ytoc emicals involved in t e plant extract. T e color of t e
solution was ¢ anged from yellow into deep yellow and t e intensity of
color increased wit time until t e solution was ¢ anged into a
brownis yellow colored pellet (Figure 3-1a). T e nanoparticle
synt esis process was detected by UV-visible spectroscopy. Finally, t e
pellet of ZnO NPs was dried after t e completion of t e process, and a
yellowis -w ite color ZnO-NPs powder was obtained (Figure 3-1b).

T e synt esis of ZnO-NPs involved a redox process. T e crude
extract solution was added to act as a reducing agent t at reduced Zn**
into Zn and stabilizer for ZnO-NPs, w ic maintains t ¢ size of
particles formed on a nano scale by capping t em from coming into
contact wit eac ot er. T e first indication for ZnO-NPs construction
t e cloudy solution was formed t at t ¢ occurrence of reduction
reaction. Addition of sodium ydroxide NaOH act as an accelerant to
en ance t e rate of reduction and nucleation process by direct
precipitation of Zn>" to zinc ydroxide Zn (OH), in alkaline condition
(pH 9) followed by loss of water. ZnO molecules were accumulated to
form ZnO-NPs [185], [186]. T e related ¢ emical reactions are s own
int e equations below and t e ¢ ange of color gradually was followed

by UV-visible spectroscopy wit time.

Zn (NO3)y — Zn*" + 2NOj ==-=-mmmmmmmmmmaav eq. (1)
Zn*" + 20H ——»7Zn (OH),  ====mmmeeeemmmmmev eq. (2)
Zn(OH), + 20H — [Zn (OH)]*  ----------- eq. (3)
[Zn (OH)]Y —= Zn0; + 2H,0 =---mrmmememv eq. (4)
7005 + 2H,0 Ly ZnO + 20H —wceememeemeee eq. (5)
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a

Zn(NO:):: 6H:0  + Ziziphus spina-christ —  ZnO-NPs - ZnO-NPs > ZnONPs - ZnO-NPs =% ZnO-NPs - ZnO-NPs -  InONPs  — ZnO-NPs.
Solution leaves extract at 0 min at 15 min at 30 min at 45 min at 1 hour at2 hours at 24 hours at 48 hours

o LuEEs

Figure 3-1: (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 the synthesized ZnO-NPs.

Reaction time is also considered as t e significant factor, w ere
t e reaction time is t e period required for t e complete reduction of
t e metal ions for t e synt esis of ZnO-NPs. Results indicate t at no
absorption peak was observed at 15 minutes to 1 our (Figure 3-2). T e
reaction time was processed until reac ed 2 , A distinct absorption
peak will be observed at t is time at a wavelengt of 362 nm, t is result
is consistent wit previously publis ed studies on Catharanthus roseus
leaves w ere observation peak was also recorded at 2 [187], and on

C. roseus, w ere observation peak was also recorded at 3  [188].
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1.000
ZnO-NPs at O min
ZnO-NPs at 15 mins
ZnO-NPs at 30 mins
ZnO-NPs at 45 mins
ZnO-NPs at 1 hour

ZnO-NPs at 2 hours
ZnO-NPs at 24 hours
ZnO-NPs at 48 hours
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0.500 -

0.000 : T . T . : .
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Figure 3-2: UV-Visible spectra of the synthesized ZnO-NPs at different times

strengt of t e absorption peak was increased as t e duration
mixing of Z.-spina christi leaves extracts wit Zn (NO;),.6H,O
solution. An increase in t ¢ absorbance intensity wit t e time means
t e nucleation and growt processes started to t e production of ZnO-
NPs [189]. Even after 48 ours, t e absorbance remained constant,
s owing t at t e reaction was complete and t e ZnO-NPs produced
were stable at room temperature. T e gradual ¢ anges in t e color of
mixture were followed by measuring UV-visible absorption wit time,
t is color ¢ ange of mixture due to t e presence of bioactive
compounds in t e aqueous extract of Z.-spina christi leaves. Various
p ytoc emicals are responsible for t e reduction of zinc ions Probably,
flavonoids or p enolic compounds in aqueous extract, w ic possible,
w ile saponins and tannins may act as t e capping agents. Furt ermore,
because of OH groups are abundant in t e p enols and flavonoids,
t ese act as stabilizing agents and bio-reducing of zinc compounds into

ZnO-NPs [190].
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3-3 Characterization of Synthesized Zinc Oxide Nanoparticles
3-3-1 Ultraviolet-Visible Spectroscopy (UV-Vis Spectroscopy)

T e synt esized Zn-ONPs were analyzed using UV—vis spectra at
room temperature and t e scanning of t e wavelengt ranged between
200 and 700 nm (Figure 3-3). T e results s owed Surface Plasmon
Resonance (SPR) absorption band was at 362 nm. Att is wavelengt ,
t e absorption may be due to t e band gap energy (Ey,) of t e valence
band (V) and conduction band (Cg) for ZnO-NPs based on t e
equation below, w ere was t ¢ bound electron in Vi for ZnO-NPs
always trends to be raised to CB by absorbing t e energy from t e

ultraviolet lig t.

C
Ebg:T
W ere, = Planck’s constant (6.63 x 107* m® kg/s), ¢ = speed of lig t
(3.00 x 10° m/s), A = absorption wavelengt in UV region (362 nm).

1.000
362 nm

v

0.500 —

Absorbance

0.000 ; I . I . I ‘
300.00 400.00 500.00 600.00 700.00

Wavelength{nm)

Figure 3-3: UV-Visible spectra of the synthesized ZnO-NPs.
To evaluate t e effect of t e boiling time to preparation of Z.-

spina christi leaves extract, t e dry leaves were boiled for 10, 15, and
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20 minute respectively. T e UV-Vis spectrum of synt esized ZnO-NPs
was measured at different times. Results noticed t e boiled time did not
significantly impact on t e yield of ZnO-NPs and t ey are very little
difference in t e formation of ZnO-NPs in 10 and 20 minutes boiling
time. W ereas, 15 minutes boiling time increased t e formation of
ZnO-NPs (Figure 3-4). After 15 minutes of boiling, slig tly declined
t e yield of ZnO-NPs due to t e possibility of t e dissociation of some
p ytoc emical constituents. In addition, t e longer boiling time causes
more consumption of energy, t erefore t e suitable boiling time for
preparation of t e aqueous extract of Zs-spina christi leaves was

selected as 15 minute for t e following experiments [191].

1.000

ZnO-NP at 10 min of boiling extract
ZnO-NPs at 15 min of boiling extract
ZnO-NPs at 20 min of boiling extract

ABS.

0.500 -

0.000 : I T T T T T
300.00 400.00 500.00 600.00 700.00

Wavelength(nm)

Figure 3-4; UV-Visible spectra of the synthesized ZnO-NPs at different boiling

times of extract.

T e different volume of 15 minutes boiled leaves extract (5, 10
and, 15 mL) respectively were added to 90 mL of 1 mM Zn
(NO;),.6H,0 solution. UV-visible spectra s owed an increase in t e
absorbance intensity. Uv-visible absorption spectra of ZnO-NPs were

measured at different volume of Z.-spina christi leaves extract. Figure
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3-5s owst e best volume was 10 mL of Z.-spina christi leaves extract
t an 5 and 15 mL and t e nanoparticles synt esis occurred faster.
Additionally, t e maximum absorbance indicates t ¢ complete reducing

of zinc ions and rapid synt esis of ZnO-NPs.

1.000

== 5 mL Extract
= 10 mL Extract
== 15 mL Extract

ABS.

0.500

0.000 T \ T , T
300.00 400.00 500.00 600.00 700.00
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Figure 3-5: UV-Visible spectra of ZnO-NPs at different volumes of extract.

T e quantity of p ytoc emicals present in t e plant leaf extract as
a significant role in t e synt esis of metallic nanoparticles. Also,
varying t ¢ amount of t e leaf extract in t e reaction medium mig t
significantly effect on t e s ape of t e prepared nanoparticles [192].
W ent e content of Z.-spina christi leaves was increased, t e yield of
ZnO-NPs gradually increased and preventing nanoparticles from
aggregating as well as t eir stability was increased due to t e increase
in t e flavonoid, p enolic, and ot er plant components [193]. Finally,
w en using a large amount of plant extract, p ytoc emicals strongly
confirmed t e reduction reaction and function as stabilizing and

capping agents [194].

T e concentration of Zn (NO;),.6H,O as a significant effect

on t e green synt esis of ZnO-NPs. If t e concentration of Zn
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(NO;),.6H,0 increased t e absorption would ave increased. However,
t e concentration 1 mM is considered optimal for t e ZnO-NPs
synt esis. Also, increasing t € Zn (NOs),.6H,O concentration resulted
in an increase in t e size of nanoparticles. Moreover, t ¢ 2 mM and 3
mM concentrations s owed t e lowest absorption intensity and no clear
peaks (Figure 3-6). T e morp ology and crystal size of ZnO-NPs based
on t e concentration of metallic salt precursors, and capping agents
(plant extracts) used. So, t ese parameters play t e principal role int e
synt esis of ZnO-NPs and ot er nanostructured compounds [195].
T ese results confirmed t at concentrations of Zn (NO;),.6H,O and
plant extract largely affect t e crystallite size and t e morp ology of
t ¢ ZnO-NPs [196]. Various researc ers were reported t at t e
synt esis of nanoparticles utilizing low concentration of metallic
precursor always result in t ¢ formation of nanoparticles wit smaller
crystallite size [197], [198].
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Figure 3-6: UV-Visible spectra of ZnO-NPs at different concentrations of
Zn(NO3)2.6H20.

T e green synt esis of t e ZnO-NPs from t e Z.-spina c risti
leaf extract was performed at different pH (5-10) using litmus paper (a
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strip of t is paper is immersed in a solution w ose pH is needed to be
determined, if t e strip is red (at any pH less t an 5) and if blue (at any
pH greater t an 8), t at assist of t e laboratory tec nician to determine
w et er a solution is acidic or basic. So, pH of t e reaction medium
defines t e structural types of t e synt esized ZnO-NPs [199]. T e
findings s owed t at t e absorbance of t e formed ZnO-NPs was
increased gradually from pH 8.0 to 9.0, w ile decreased between pH
9.0 and 10.0. It was found t at at pH 9.0, t e ¢ aracteristic absorption
peak of ZnO-NPs observed at 362 nm (Figure 3-7), suggested t at at
pH 9.0, w ic indicated t e metal oxide reduction and zinc nitrate

exa ydrate was converted to ZnO-NPs w en be t e reaction medium
at alkaline condition t at was more favorable to t e synt esis of ZnO-
NPs t an acidic or neutral condition. Finally, w en t ¢ pH was lower

lead to t e decreases in ZnO-NPS production.

T e crystallite size and surface morp ology strongly depended
ont e pH of reaction mixture t roug t e synt esis process, duetot e
pH was ¢ anged t e electrical ¢ arge of molecules and will be affect
t eir reduction [200]. T roug t e synt esis of ZnO-NPs in an acidic
medium (at pH 5 and 6), t e ydroxyl ion (OH ) is less in t e solution
w ic limits ydrolysis and condensation processes, resulting in t e
smaller aggregates [201]. T e decrease in t e crystallite size of ZnO-
NPs in an acidic medium was due to t e dissociation of t e crystal
structure of ZnO-NPs [202]. W en t e pH of t e solution reac ed 7

(neutral), ions concentrations of ydrogen (H) and ydroxyl (OH) are
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(Zn(OH),) (see eq. 2) and salt-containing tetra ydroxozincate ion
([Zn(OH),]*) (see eq. 3). T e drying of ZnO-NPs product in t e oven,

t en calcination it in t e furnace lead to t e formation of good

crystallite sizes of ZnO-NPs [204]. Similar results were reported in t ¢
study effect of t e pH (5.0-10.0) on t e synt esis of ZnO-NPs using
Aloe vera skin extract [205] and found t at t e optimum pH required
for t e biosynt esis of ZnO-NPs was 8.0. T erefore, in t e following

experiments, ZnO-NPs were synt esized at pH 9.0.

1.000

PHS
PHG6
PH7
PH S
PHY9

AR

0.500

0. 000
300.00 400.00 500.00 600.00 700.00

Wavelength{nm)

Figure 3-7: UV-Visible spectra of Zn-NPs at different pH.

T e reaction temperature is critical in t e synt esis of ZnO-NPs.
T e effect of varying temperatures on ZnO-NPs production is
investigated at temperatures ranging from 40 to 70 °C. As s own in
figure 3-8, no c aracteristic absorption peaks were observed at lower
temperatures of 40 and 50 °C, w ereas c aracteristic absorption peaks
were observed at ig er temperatures (60 and 70 °C). In comparison
wit ot er temperatures. T e maximum synt esis of ZnO-NPs was
observed at 60 °C, and a s arp peak was appeared by a UV-vis
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spectrop otometer at 362 nm. Ont e ot er side, it is cleart at wit t e
rise in temperature from 60 °C, t e absorption bands of ZnO-NPs

s owed similar patterns wit ig and extremely broad peaks.

T e reaction temperature ad a considerable influence on t e
synt esis of ZnO-NPs, W ent e temperature was ¢ anged to 60°C, t e
typical absorption peak at 362 nm was detected. T ¢ ig er t e
activation energy of molecules, t e faster t e reaction rate, resulting in
a decrease in t e size of t e nanoparticles formation of monodispersed
smaller-sized nanoparticles. UV-visible spectroscopy findings from t e
synt esized ZnO-NPs 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 (Figure 3-8).
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Figure 3-8: UV-Vis spectra of ZnO-NPs at different temperatures

T e synt esized ZnO-NPs were optimized by several parameters,
Z.-spina christi leaves were boiled wit de-ionized water for 15
minutes, 10 mL leaves extract, t e concentration of Zn (NO;),.6H,O

solution was (1 mM), pH of t e mixture adjusted at 9, and t e
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temperature of t e mixture at 60 °C wit magnetic stirrer for 2 ours,
all t ese conditions were t e best and selected for t e biosynt esis of
ZnO-NPs. T ese conditions were ¢ osen due to t e color ¢ ange of t e
reaction mixture and increases of t e absorbance intensity t at

indicated t e increase of ZnO-NPs production.

Int e present study, t e absorption peak was observed int e UV-
Visible spectroscopy at wavelengt 362 nm (Figure 3-3), w ic was
consistent wit bot [206], w o found t at ZnO-NPs ave t ¢
absorption peak at 368 nm for t e smaller size of crystals, and wit
[207], w o revealed a blue s ifted (13 nm) absorption wavelengt t an
t e bulk. Based upon t ese reports t e absorption of t e bulk-ZnO
appeared near 375 nm and a blue s ift (6 nm) could be observed for
nanoparticles wit a smaller size around 369 nm. T erefore, t e
c aracterization by UV-visible spectroscopy strongly supported t e

green synt esis of ZnO-NPs using t e Z.-spina christi leaves extract.

3-3-2 Fourier Transform Infrared Spectroscopy (FT-IR)

Identifying and comparison of functional groups between t e
synt esized ZnO-NPs using Z.-spina christi leaves extract and t e Z.-
spina Christi leaves extract alone is s own in figure 3-9. FT-IR
spectrum of Z.-spina christi leaves extract alone (Figure 3-9a) s owed
t e broad band observed at 3412.15 cm™' corresponds to O-H stretc ing
of p enolic and alco olic compounds as well as carbo ydrates [208].
Besides, t ¢ peak at 2918.06 cm™' related to t e stretc ing vibrations of
C-H of alip atic ydrocarbons ¢ ains, 1642.34 cm™ (C=O stretc ing
vibration) related to flavonoid and amino acids or carboxylic acid
(COO") [209]. Moreover, 1454.10 cm” (O-H bending vibrations),
1398.28 cm™ (C-O stretc ing of t e ester group), 1234.25 cm™ (C-O
asymmetric stretc ing in cyclic polyp enolic compounds), and 1083.05

cm’ to 681.70 cm™ indicating t e presence of (C—N stretc ) aromatic
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amines and alkyl alides, respectively [210]. T e vibrational bands
above were mostly found in t e Z. spina-Christi leaves extract. T ese
peaks disappeared or s ifted to lower frequency indicating t e
successful participation of p ytoc emicals compounds presented int e
Z. spina-Christi leaves as reducing and stabilizing agents in t e
synt esis of ZnO-NPs, w ic facilitates t e conversion of metal ions to
metal-NPs. T is is s own by t e peak for t e s ifted carbonyl groups
(C=0) at 161248 cm”. T e s ifted peaks were, 3412.15 cm™ to
3385.38 cm™, 2918.06 cm™ to 2784.26 cm™, 1642.34 cm™ to 1630.45
cm™, 1454.10 cm™ to 1446.92 cm™, 1398.28 cm™ to 1352.71 ¢cm™' and
1083.05 cm™ to 972.13 cm™. Furt ermore, t e significant vibration of
stretc ing peaks appeared at 491.75, 443.22, and 428.07 cm™ (Figure
3-9b), corresponding to t e Zn-O vibrational stretc ing t at furt er

confirmed t e formation of ZnO-NPs.

T e FT-IR spectrum validates t e production of ZnO-NPs by
comparing t e positions and intensities of peaks in Z.-spina christi leaf
extract to t ose generated in ZnO-NPs. Results demonstrated t at t e
band locations and absorption intensities from t e plant extract peak

ad ¢ anged and t at new peaks appeared in t ¢ FT-IR spectra of t e
produced ZnO-NPs. T e observed spectra suggested t at biological
substances produced by Z.-spina christi leaf extract were involved in
t e reduction and capping of ZnO-NPs. In t is work, Zn*" is assumed
to react wit biological components found in Z.-spina christi leaves
extract, suc as flavonoids, p enolic compounds, alkaloids, amino
acids, tannins, and carbo ydrates, to stimulate t ¢ production of ZnO-
NPs and act as a capping and stabilizing agent. Finally, peaks at
491.75, 443.22, and 428.07 cm™ in spectrum of t e synt esized ZnO-
NPs matc tot e stretc ing vibration of Zn-O bond t at are absent in
Z.-spina christi leaf extract, strongly confirmed t e formation of ZnO-

NPs. T is finding was consistent wit previous researc , w ic found
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multiple Zn-O bands at 416.14, 515, and 618 cm™ [211], [212]. As a

result, biological synt esis does not require any ¢ emical sources for

stabilizers, w ic is an advantage over ¢ emical synt esis.

() swimanzu
O .
()]
.
2 - 3 | l 7 : / . | -
~ g S e
y oS )
< | — — <
o . 0 N~ . ~
© | N n a N o &
R : e 5
o S o
. 00 om <
i %] [te) o =
N Lo |
&
N - ™M
<
I N
A 58
e - o xg
o ® n
& A Q o ~ S
8 < o < ™ o
o n o ™ ® e
0 < M N o ©
- i - i
R |
o . N &
v @
wn o
— <
i ©
oA o
<
(3]
oIllll]l]‘lll'l['ll]lllll ryrrTrTrTTTTyTvr T Ty T T T e v T T T ve vy erevivriveueda

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 300 600 400
1/cm

Comment No. of Scan: Date/Time: 11/1/2022  10:43:27 am
Resolution: User.  Dr.Falah

Figure 3-9: FT-IR spectrum, (a) Z.-spina christi leaves extract (b) ZnO-NPs.

3-3-3 X-ray Diffraction (XRD)

T e synt esized ZnO-NPs were studied and confirmed using t e
XRD tec nique to determine t eir p ases, structures, and crystal size.
T e observed diffraction peaks of t e biosynt esized ZnO-NPs in
terms of intensities and positions were at 260 31.77° (100), 33.21° (002),
36.59° (101), 47.84° (102), 56.24° (110), 63.19° (103), 66.20 ° (200),
67.73° (112), 69.09° (201) 73.55° (004), and 76.67° (202) as s own in
figure 3-10 w ic strongly detected t e exagonal wurtzite structure of
ZnO-NPs. Based on t ¢ FWHM of most intense diffraction peaks
(100%), (66%), and (41%) at 2 6 wit 36.59° (101), 33.21° (002),
31.77° (100) respectively. Using Debye-Sc errer equation, average
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crystalline size was calculated to be 38.177 nm confirming t e nano

size fort e synt esized ZnO-NPs.

As an X-ray passes t roug a particle crystal, a diffraction
pattern is formed, w ic gives information on t ¢ atomic arrangement
wit in t e crystals. Peaks in t e XRD diffractogram (Figure 3-10b)
appeared to be broadening, revealing t at per aps t ¢ ZnO-NPs were
formed on t e nanoscale. W en compared wit t e Joint Committee on
Powder Diffraction Standards (JCPDS) card No. 36-1451 (Figure 3-
10a), t e most intense diffraction peaks found were indexed as t e

exagonal wurtzite structure of ZnO-NPs wit ig crystallinity. As
illustrated in Figure 3-10b, all of distinctive peaks were found to be
ZnO-NPs, and no suc impurities were found in produced ZnO-NPs.

T ese findings were consistent wit earlier researc [213], [214].
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Figure 3-10: XRD diffractogram, (a) ZnO- card No. 36-1451. (b) the
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3-3-4 Transmission Electron Microscopy (TEM)

T e size distribution and morp ological ¢ aracters of ZnO-NPs
observed under TEM analysis (Figure 3-11a, b) were uniform in size.
Agglomeration was common, due to t e ultra-small size and ig
surface energy of ZnO-NPs. Also, TEM micrograp s s owed most of
t e ZnO-NPs were in a sp erical s ape. T e istogram of t e size
distribution of ZnO-NPs was generated based on TEM data (Figure 3-
l1c). T e majority of ZnO-NPs measured fell in t e range of 35 - 45

nm in diameter.

l 35
Diameter (nm)

Figure 3-11: TEM micrograph of the synthesized ZnO-NPs. (a) Scale at 100
nm. (b) Scale at 200 nm. (c) The size distribution histogram of ZnO-NPs.
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T ¢ TEM met od was used to examine t e biosynt esized ZnO-
NPs. T e acquired micrograp ss owt att e biosynt esized ZnO-NPs
were agglomerated particles t at were sp erical and exagonal in
s ape. ZnO-NPs are capped by exagonal molecules and biomolecules.
Similar exagonal molecules ave been found in ZnO-NPs synt esis in
Euphorbia jatropha plants [215]. T e TEM pictures ex ibit nano-
crystalline of t e synt esized ZnO-NPs, t is attributed to t e
biomolecules presented in Z.-spina christi leaf extract t at strongly
influenced t e formation of ZnO-NPs. T ese findings are consistent

wit earlier publications [216], [217].
3-3-5 Scanning Electron Microscope (SEM)

Under SEM at varying magnifications, observations of images
were made to study t e surface morp ology of t e ZnO-NPs t at were
synt esized. T e results of t ese observations can be found in Figure 3-
12. In Figures 3-12a and b, it was observed t at ZnO-NPs ad a
sp erical s ape and were tig tly clustered toget er. Upon analysis of
Figure 3-12c, particle diameters were noticed to ave an average size in
t e following ranges: D; (39.74 nm), D, (42.25 nm), and D; (48.19
nm), wit an average diameter size equal to be 43.39 nm.

T e SEM image of ZnO-NPs (Figure 3-12) reveals sp erical
nanoparticles wit ig density. A large number of ZnO-NPs
aggregated and formed nano-like morp ology wit agglomerated
particles of various irregular s apes. Aggregation may be exacerbated
byt e 1g surface energy of ZnO-NPs as well as by t e close distance
between nanoparticles. T ese strongly confirm t at t e particles exist
in a uniform form, and t is uniformity plays an important role in t e
different activities of ZnO-NPs. SEM results in t is study were in

agreement wit t e previous studies [218], [219].
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SEM MAG: 330 kx Det: InBeam | MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN

WD: 6.02 mm BI: 7.00 50 nm WD: 6.02 mm BI: 7.00
View field: 0.629 ym Date(m/d/y): 05/07/22 View field: 1.04 pm Date(m/d/y): 05/07/22

SEM MAG: 200 kx Det: InBeam | | 11 MIRA3 TESCAN

WD: 6.02 mm Bl: 7.00 100 nm
View field: 1.04 ym |Date(m/dly): 05/07/22

Figure 3-12: SEM images of synthesized ZnO-NPs at different magnifications
(a) At 50 nm. (b) At 200 nm. (c¢) SEM images at 100 nm with the particle size at
different average diameters Dy, D,, and D3.

3-3-6 Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) analysis is a basic tec nique and
inescapable for all nanoscopic studies was used to determine t e
topograp y surface of nanoparticles. Images of AFM for t e
synt esized ZnO-NPs (Figure 3-13a, b) s owed t e roug ness and
surface morp ology features under AFM micrograp in two-dimension
and t ree-dimension. T e micrograp at (5.08x5.08u) scan (Figure 3-
13b) display a uniform surface wit cone like grains covering t e
surface of ZnO-NPs. In t is study was determined t e average surface

roug ness of t e synt esized ZnO-NPs t at found in t e range of 42 to
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45 nm due to t e granularity distribution c¢ art (Figure 3-13c).
Moreover, AFM for t e ZnO-NPs surface s owed t e t ree-dimension
image t at observed regularly in t e composition of film and grains

ave a vertical structure on t e crystal axis and are approximately
equal. Figure 3-13c s ows t e granularity distribution ¢ art of ZnO-
NPs aggregates on t e surface of t e film. T e surface roug ness of
ZnO-NPs was increased in t e presence of capping agents due to t ¢
presence of various functional groups in Z.-spina christi leaves extract.

T ese results were in agreement wit t e previous study [220].
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Figure 3-13: AFM analysis of synthesized ZnO-NPs (a) 2-Dimension image (b)
3-Dimension image (c) The granularity distribution chart.
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3-4 Biochemical Analysis

T is study evaluated t e main effects of ZnO-NPs and Z.-spina
christi leaves extract on body weig t, kidney, and, liver bioc emical
parameters of male rats exposed to adenine. Healt y male rats were
treated wit ZnO-NPs and an aqueous extract of Z.-spina christi leaves
for sequential 30 days and displayed some important ¢ anges in t ¢
bioc emical parameter levels.

3-4-1 Body Weight Changes
As s own in Table 3-2, rats of t e control group were grown by

about (10 + 2 gm) during t e 30 days of giving diet only (G I) w ereas,

t e second group rats (G-11) t at gavaged adenine (100 mg/kg.BW) for
t e same period s owed a significant decrease (P<0.001) in body
weig t about (20 = 2 gm) in comparison to t e control group. Att e
same table s owed t e administration of Z.-spina christi leaves extract
for t ird group rats (G-1II) at a dose (10 mg/kg B.W) significantly
slig tly decreased (P= 0.04) t eir body weig ts w en compared tot e
control group, but t ese weig ts were 1g in comparison to adenine
group. T e same be avior for t e body weig t of fourt group rats (G-
IV) after administrated of ZnO-NPs (10 mg/kg B.W), w ic is ig

compared to t e adenine group, but ZnO-NPs was significantly slig tly
decrease (P=0.04) t e body weig t w en compared to a control group.
Finally, t e fift and sixt group rats (G-V and G-VI) after co-
administration of adenine plus Z.-spina christi leaves extract or adenine
plus ZnO-NPs at a dose (10 mg/kg B.W) respectively, mitigated
significantly t e decreasing in body weig ts of rats by compared to
adenine group rats, but t ey still lower w en compared wit control

group rats (P<0.001).
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Table 3-2: Effect of ZnO-NPs and Z.-spina christi leaves extract on
adenine-induced body weight changes.

Results and Discussion

eriod time Day-0 Week-1 Week-2 Week-3 Week-4
Weight (gm) Weight Weight Weight Weight
Groups (gm) (gm) (gm) (gm)
G-1 204.19+0.32 | 206.98+0.35 | 209.74+1.29 | 212.16£0.96 & 215.85+0.48
G-1I 204.23+0.05 | 197.52+0.06 | 193.03+£0.26 | 187.54+0.73 | 182.38+1.13
G-1I1 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, SD: Standard deviation.

G-I: Control group, G-1I: Adenine group, G-111: Z.-spina christi leaves extract
group, G1V: ZnO-NPs group, G-V: Adenine + Z.-spina christi leaves extract
group, G-VI: Adenine + ZnO-NPs group.

T e first effect of ZnO-NPs and Z.-spina christi leaves extract was
on t e body weig t of rats wit renal failure caused by adenine t at
measured at t e beginning every week until end experiment. Adenine
administration to rats resulted in body weig t loss due to t e buildup of
uremic toxins, w ic causes inflammation and activation of protein
catabolic pat ways, resulting in protein breakdown [221]. Rats after 30
days of treatment wit ZnO-NPs at concentrations of (10 mg/kg BW)
s owed a slig t decrease in body weig t; t e decreases may be due to
ZnO-NPs at t is dose causing instability in protein degradation and
lipid metabolism, resulting in an increase or decrease in body weig t
[222], depending on t e effect of dose and treatment period. Moreover,
ZnO-NPs may accumulate in numerous animal organs suc as t e
kidney and liver, causing alterations in tissue functioning and, as a
result, altering metabolic rate. Anot er study found t at giving rats
ZnO-NPs at different dosages (5, 50, and 100 mg/kg.BW) for 14 days
resulted in a considerable reduction in body weig t [223]. In addition,
researc conducted by [224] on Wistar rats treated wit ZnO-NPs at a

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

89



Chapter Three Results and Discussion

on body weig t increase, indicating t e absence of azardous indicators
and mortality in adult male rats exposed to ZnO-NPs. Table 3-2 s ows
t at t ere was a less significant ¢ ange in weig ts in all rats after
treatment wit aqueous leaf extract of Z.-spina christi at a level of (10
mg/kg. BW). T e weig t loss in t ese rats mig t be attributed to anti-
nutritional bioactive components in t e plant extract, suc as tannin,

flavonoids and p enolic compounds [225].

3-4-2 Estimation of Kidney Function Tests

Results in Table 3-3 s owed a significant increase (P<0.001) in
concentrations of uric acid, urea, and creatinine was observed in
serums of t e second group rats (G-I) after administrated of adenine in
comparison to control group rats. T is increase was significantly
reduced after administration of Z.-spina christi leaves extract at a dose
(10 mg/kg B.W) (G-III) w en compared to t e adenine group, but not
completely restored t ese ¢ anges as in t e control group (P=0.04). At
t e same table, significant increases (P=0.02) also were s owed in
concentrations of uric acid, urea and creatinine in rats administered
wit  ZnO-NPs (G-IV) w en compared to control group. Moreover,
results as s own in bot groups (G-V and G-VI), co-administration of
adenine plus Z.-spina christi leaves extract or adenine plus ZnO-NPs,
resulted in a significant decrease in uric acid, urea, and creatinine
concentrations w en compared to adenine group, but t eir values still

in raises by comparison to t e control group rats (P<0.001).

As s own in table 3-3, w en compared to t e control group rats,
t ere was an increase in serum levels of uric acid, urea, and creatinine
int e second group (G-II). T ese findings were ¢ aracterized by renal
dysfunction, as evidenced by congestion and necrosis of t e renal
glomeruli, as well as degenerative ¢ anges and necrosis of t € normal

renal tubular epit elium lining renal tubules [226], because t ese
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products accumulate in t e bloodstream and formation of 2,8-
di ydroxyadenine crystals, result in ig accumulation of different
guanidino compounds suc as (guanidino uric acid and met yl-
guanidine) and nitrogenous compounds wit renal failure [227]. T e
espouser of rats (G-III) and (G-1V) respectively to Z.-spina christi
leaves extract or ZnO-NPs revealed a less significant difference int e
levels of uric acid, urea, and creatinine in comparison to t e control
group, t is indicates t at dosage at t e concentration (10 mg/kg B.W)
for Z.-spina christi leaves extract and ZnO-NPs ave no negative effect
ont e kidneys. However, serum levels of uric acid, urea, and creatinine
s owed a significant decrease after t e administration of adenine plus
ZnO-NPs (10 mg/kg B.W) or adenine plus Z.-spina christi leaves (10
mg/kg B.W) at t e same time in bot fift and sixt groups rats (G-V
and G-VI) by comparison to adenine group and a significant increase
wit comparison to control group rats, w ic evaluated t at t e
synt esized ZnO-NPs and Z.-spina christi leaves mig t be able to avoid
t e damaged renal excretion, i.e., kidney alterations wit adenine-
induced renal failure. T ese results were in agreement wit previous

studies [228-230].

Table 3-3: Effect of ZnO-NPs and Z.-Spina Christi leaves extract on
kidney function parameters in in adenine-exposed male rats.

CIETEER Uric acid Urea Creatinine
Groups mg/dL mg/dL mg/dL
G-1 1.24+0.08 13.66+1.10 0.26+0.03
G-I 3.22+0.19 105.88+1.96 0.8440.05
G-1III 1.31+0.09 14.05+1.37 0.29+0.03
G-1V 1.68+0.10 16.07+£2.20 0.31+0.04
G-V 2.48+0.15 73.41+0.93 0.51+0.01
G-VI 2.73+£0.14 87.03+1.60 0.68+0.01
Tukey Test 0.094 1.705 0.023

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, G-1I: Adenine, G-111: Z.-spina christi leaves
extract, G1V: ZnO-NPs, G-V: Adenine + Z.-spina christi leaves extract, G-VI:
Adenine + ZnO-NPs.
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3-4-3 Estimation of Liver Function Tests

T e results of ALT, AST, and ALP were statistically significant

increases (P<0.001) in t eir activities in t e adenine group (G-II)
compared wit t e control group (Table 3-4). T e result of t e t ird
group rats (G-III) administrated Z.-spina christi leaves extract (10
mg/kg B.W) s owed a significant decrease in enzymes activities of
ALT, AST, and ALP in compared to t e adenine group but were slig tly
significant differences in comparison to t e control group (P=0.003),
w ilet e fourt group of rats (G-IV) administered ZnO-NPs (10 mg/kg
B.W) s owed decreasing significantly in t eir enzymes activities
compared to t e adenine group but t ey were still ig as compared to
t e control group (P<0.001). Furt ermore, in bot fift and sixt group
rats (G-V and G-IV) co-administration of adenine plus Z.-spina christi
leaves extract (10 mg/kg B.W) or adenine plus ZnO-NPs (10 mg/kg
B.W) caused a considerable decrease in activities of ALT, AST, and
ig er W en

ALP w en compared wit adenine group, but still

compared to t e control group (P<0.001).

Table 3-4: Effect of Z.-spina christi leaves extract and ZnO-NPs on liver
function parameters in adenine-exposed male rats.

Parameters ALT AST ALP
(U/ml) (U/ml) (U/ml)
Groups

G-I 33.94+£1.15 103.28+2.17 122.36+2.64
G-I 91.60+3.57 179.46+3.89 213.55+4.18
G-111 36.35+1.23 108.03+2.36 125.14+2.79
G-1V 44.71£1.26 117.67+2.51 132.80+2.85
G-V 60.44+2.28 144.53+2.92 183.49+3.92
G-VI 72.11+2.63 158.80+3.27 197.03+4.05

Tukey Test 2.735 3.189 4.096

Notes: Values in the table are expressed as mean+SD. n=6 male rats in each group,
SD: Standard deviation.

ALT= Alanine aminotransaminase, AST= Aspartate aminotransaminase, ALP=
Alkaline phosphatase. G-I: Control group, G-II: Adenine group, G-III: Z.-spina
christi leaves extract group, G1V: ZnO-NPs group, G-V: Adenine + Z.-spina christi
leaves extract group, G-VI: Adenine + ZnO-NPs group.
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T e measurement of enzyme activities ALT, AST, and ALP play a
significant role in diagnosis, disease investigation, and t e assessment
of t e plant extracts or nanoparticles for safety and toxicity risk. T ese
enzymes considered in t is study are useful markers to damage liver
tissues. T e ALT i1s found in many organs, particularly in t e liver for
diagnostic use, w en its elevation indicates epatocyte damage and
release into t e plasma. T e AST is not a specific enzyme for t e liver
only but is also founded in several organs suc as t e kidney, eart,
brain, and skeletal muscle, t ese organs w en are destroyed, AST is
released. ALP ist e indication enzyme for t e plasma membrane and
is elevated in a variety of tissues. It is often used to estimate t e safety
of plasma membranes and as a marker for epatobiliary diseases [231].
Tissue damage is usually associated wit t e release of enzymes from
t e affected organ or tissue into circulation. Exposure of rats to adenine
led to cytotoxicity in a time and dose dependent as a consequence of
t e oxidative stress, t e peroxidation of lipids, and t e damage of
carbo ydrates, proteins, and cell membranes. Adenine caused a
significant increase in serum levels of ALT, AST, and ALP (Table 3-4).
Increases in serum ALT and AST activities ave been indicated in
conditions involving necrosis of epatocytes, w ile increases in serum
ALP activity ave been implicated in epatobiliary diseases. T e
decrease 1n activities of ALT, AST, and ALP in t e liver of rats were
administrated wit Z.-spina christi leaves extract or ZnO-NPs (Table 3-
5) w en compared to t e adenine group mig t be according to t e
inactivation of t ese enzymes by t e extract or its metabolites, w ic
could ave suppressed t e synt esis of t e enzymes, also suggested t at
ZnO-NPs mig t be interaction wit key molecules in membranes
(enzymes inclusive) and t en in ibited or denature t em. Furt ermore,
in bot t e treated groups (fift and sixt ) after co-administration of

adenine plus Z.-spina christi leaves extract or adenine plus ZnO-NPs
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s owed a significant decrease in serum ALT, AST, and ALP activities
indicating t e strong evidence of t e protective effect by t e plant
extract and ZnO-NPs. T e results s owed a significant decrease in
ALT, AST, and ALP enzymes activities in t e fift group rats w o were
treated wit Z.-spina christi leaves extract at a dose (10 mg/kg B.W),
and sixt group rats were treated wit ZnO-NPs at a dose (10 mg/kg
B.W), t ese w en comparison wit adenine group rats, and t ese
results agree wit [232]. T e alteration in t e activities of t e enzymes
in t is study mig t be due to t e biological activity of ZnO-NPs and
p ytoc emicals (main components of Z.-spina christi leaves) in t e
doses given for 30 days are capable to decreasing serum ALT, AST, and

ALP.

3-4-4 Effect on antioxidants statues

Table 3-5 s owed t e results of antioxidant levels, SOD, CAT,
TAC, GSH, MDA, and NO. Administration of adenine to t ¢ second
group rats (G-II) lead to a significant reduction in levels of SOD, CAT,
TAC, and GSH, t is reduction was accompanied by a significant
elevation in MDA and NO levels in comparison to t € control group
(P<0.001). As s own in Table 3-5, for bot t ird and fourt groups rats
(G-1II and G-1V) after administration of Z.-spina christi leaves extract
(10 mg/kg B.W) and ZnO-NPs (10 mg/kg B.W) respectively, t ere are
significant increases in SOD, CAT, TAC and GSH levels w en
compared to adenine group rats (G-II), but significantly less decreased
in comparison to t e control group rats (G-I) (P= 0.003), w ile levels
of MDA and NO significantly reduced w en compared to t e adenine
group rats, but still less 1g in comparison to control group rats
(P<0.001). Finally, rats of t e bot fift and sixt groups (G-V and G-
VI) were co-administrated adenine plus Z.-spina christi leaves extract

(10 mg/kg B.W) and adenine plus ZnO-NPs (10 mgkg B.W)
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GSH levels w en compared to an adenine group rats (G-II), but still
lower w en comparison to t e control group (P=0.04), t is increase
was accompanied wit a significant reduction in MDA and NO levels
w en compared to adenine group, but were significantly increased in
comparison to control group rats (P£<0.001).

Table 3-5: The Effect of Z.-spina christi leaves extract and ZnO-NPs on

the antioxidant levels in in adenine-exposed male rats.

UGS SOD CAT TAC GSH MDA NO
Groups (U/ml) (U/ml) (pmol/ml) (pmol/ml) (umol/ml) | (pmol/ml)
G-1 17.15£0.44 | 10.83+1.37 | 17.56+0.80 | 13.48+0.38 | 0.49+0.02 | 0.93+0.01
G-11 8.92+0.14 | 1.69+0.03 | 6.84+0.87 | 5.40+0.05 | 4.16£0.41 = 8.54+0.21
G-111 15.23+0.41 | 9.15£0.69 | 15.45+0.17 | 11.35+£0.29 | 0.62+0.10 | 1.47+0.02
G-1V 13.08+0.33 10.13£1.25 | 16.94+0.84 9.74+0.26 0.544+0.06 | 1.95+0.02
G-V 10.73£0.28 | 2.74+0.25 | 9.71£0.07 | 7.55+0.10 | 3.53x£0.37 | 4.52+0.04
G-VI 9.51£0.24 | 6.750.33 | 13.52+0.61 | 6.19£0.08 | 2.29+0.30 | 6.31=0.10

Tukey Test 0.479 0.917 0.642 0.355 0.238 0.294

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). SD: Standard deviation, SOD:
superoxide dismutase, CAT: catalase, TAC: total anti-oxidant capacity, GSH: reduced
glutathione, MDA: malonaldehyde and NO: nitric oxide.

G-I: Control group, G-1I: Adenine group, G-I1II: Z.-spina christi leaves extract
group, G1V: ZnO-NPs group, G-V: Adenine + Z.-spina christi leaves extract
group, G-VI: Adenine + ZnO-NPs group.

T e results obtained from antioxidant status as s own in table 3-
5, rats were exposed to adenine, t e levels of SOD, CAT, TAC, and
GSH were significantly decreased in serum, t is is associated wit t e
significant elevation of MDA and NO levels. T erefore, an increase in
MDA and NO is considered a marker of oxidative damage t at reveals
excess of free radical production, w ic is consistent wit t e view t at
adenine induces lipid peroxidation. T e antioxidant defense mec anism
fails due to t e decreased activities of t e scavenging enzymes, or bot .
Increased MDA and NO levels, lipid peroxidation, also decreased SOD
CAT, TAC, and GSH levels are associated wit cell damage. T ese
and

results supported [233] [234] w o reported t at adenine
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significantly increased oxidative stress markers and decreased t e
activities of antioxidant enzymes in serum.

Rats were treated wit an aqueous extract of Z.-spina christi
leaves was ameliorated t e ¢ ange in antioxidant statutes. T is
amelioration appeared by t e increase in serum levels of SOD CAT,
TAC, and GSH levels are associated wit decreasing MDA and NO
levels, w ic furt er confirms t eir role against adenine-induced liver
damage. T e given of ZnO-NPs s owed approximately a similar
activity (Table 3-5), to t at of an aqueous extract of Z.-spina christi
leaves in adenine-treated rats. Finally, ZnO-NPs protected rats against
oxidative damage and liver injury induced by adenine w ic may be
due to t e anti-inflammatory and antioxidant properties t at protect cell
membranes against oxidative stress, decrease free radicals and increase
t e antioxidant enzyme activity as superoxide dismutase (SOD) and
CAT levels [233]. Moreover, as s own in table 3, Z.-spina christi
leaves extract and ZnO-NPs were able to significantly decrease renal
failure induced by adenine, but observed t at co-administration of
adenine plus Z.-spina christi leaves extract (G-V) gave better results
w en compared to t ¢ adenine plus ZnO-NPs (G-VI). T is study noted
t at an aqueous extract of Z.-spina christi leaves improved adenine-
induced oxidative injury in t e kidney and liver by its antioxidant and
free radical-scavenging properties. T ese results were consistent wit
t e previous researc of [236] w o suggested t att e main mec anism
for t e beneficial action of gum acacia in adenine-induced kidney
disease via its antioxidant properties. Furt ermore, t e kidney and liver
were protected by t e aqueous extract of Z.-spina christi leaves against
adenine-induced toxicity due to its important contents of flavonoids,
p enolic compounds, saponins, and triterpenes, t ese were confirmed

by t e previous study [237].
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3-4-5 Histological Study

Results of t e istological study of kidney and liver tissues for all
groups of rats after 30 days of exposure were performed using two dyes
called ematoxylin and eosin (H&E staining), w ic make it easy to
see different parts of t e tissues under t e lig t microscope (Figures 3-

14 and 3-15).

3-4-5-1 Kidney Section

Figure 3-14 s owed t e results of t e 1istological study of t e
renal tissue from rats for six groups. T e kidneys of control rats (G-I)
s owed no marker of damage, normal renal cortexes, normal renal
arc itecture, and normal nep ritic tubules (Figure 3-14-K1).
Histological markers of group rats (G-II) wit adenine-administered
s owed significant acute damage of t e renal tissue. T eir kidneys
s owed renal vein congestion and ypertrop y of renal glomeruli,
besides necrosis and dilation of normal renal tubular (Figure 3-14-K2).
Rats in t e group (G-III) w en t e administration of Z.-spina christi
leaves extract (10 mg/kg B.W) s owed istological ¢ anges t at
involves: t e normal structure of t e renal cortex except t ¢ less
degradation of some renal tubules (Figure 3-14-K3). Also, int e group
rats (G-IV) after administrated of ZnO-NPs (10 mg/kg B.W) s owed
t at slig tly inflammatory around blood vessels, but no significant
glomerular ¢ anges (Figure 3-14-K4). T e kidneys of rats (G-V) t at
co-administrated adenine plus Z.-spina christi leaves extract and rats
(G-VI) after co-administrated of adenine plus ZnO-NPs (10 mg/kg
B.W) resulted in significant lowered t e markers and istological
features were improved to normal in comparison wit adenine group

rats (Figure 3-14-K5 and K6).
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Figure (3-14): Effects of ZnO-NPs and Z.-spina christi leaves extract on t ¢ istological
appearance of kidney tissues in male rats wit renal failure induced by adenine. T e view
is captured using digital camera and lig t microscope at 10X magnification scale. K1:
Kidneys of male rats in control group were treated wit DMSO only t at s owed normal
renal glomerulus (black arrows) and normal renal tubules (red arrows) wit out any
significant occupied lesion. K2: Kidney of male rats were treated wit Adenine s owed
acute renal glomerulus ypertrop y (Black arrows) wit expansion in tubular lumen and
t e renal glomeruli s ow severe atrop ied lesion in some area of section (Red arrows) and
clear renal vein congestion (Blue arrow). K3: Kidney of male rats were treated wit Z.-
spina christi leaves extract s owed less significant ¢ ange in renal glomerulus (Red
arrows), but t ere very less narrowing in tubular lumen wit out any significant occupied
lesion (Black arrows). K4: Kidney of male rats were treated wit ZnO-NPs s owed normal
renal glomerulus (Red arrows) except slig t degeneration and cystic extended of normal
renal tubules (Black arrow) wit out any significant occupied lesion (SOL). K5: Kidney of
male rats were treated wit (Adenine + Z.-Spina Christi leaves extract) s owed renal
tubular ypertrop y or many intact tubules (Black arrows) wit less narrowing in tubular
lumen and t e renal glomerular tuft s ow very mild atrop ied lesion in some area of
section (Red arrows). K6: Kidney of male rats were treated wit (Adenine + ZnO-NPs)
s owed renal glomerular ypertrop y (Red arrows) wit very slig t narrowing in tubular
lumen (Black arrows).
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T e istological ¢ anges of kidney tissues of rats were consistent
wit t ose results observed in antioxidants statues. In t e kidney
section, detected t at adenine caused stripping of t e epit elium of t e
renal tubules because its metabolite, 2,8-di ydroxyadenine (2,8-DHA),
w ic  as low solubility and can precipitate in t e renal tubules leading
to t eir obstruction and development of uremia wit exudate of
inflammatory cells and glomeruli, significant dilation and necrosis of
renal tubules as s owed in (Figure 3-14-K2) [238], and is capable of
oxidative stress in renal tissue causing istological damage in t e
kidney [239]. T e kidney of group rats w en received adenine plus
ZnO-NPs (10 mg/kg B.W) or adenine plus Z.-spina christi leaves
extract (10 mg/kg B.W) s owed improvement in t e glomerular and
renal tubules in comparison to adenine group rats (Figure 3-14-K5 and
K6).
3-4-5-2 Liver Section

Figure 3-15 s owed results of t e istological study of t e
epatic tissue from rats for six groups. Control group rats (G-I) s owed
t e normal central vein, normal arrangement of epatic cell and normal
sinusoids, wit out any vacuolated of t e cytoplasm (Figure 3-15-L1).
T e istopat ological section in t e liver of adenine group rats (G-II)
s owed a clear alteration including cytoplasm vacuolization, necrosis
of epatocytes, and amyloid like substance precipitation in t e wall of
liver sinusoids (Figure 3-15-L2). Group rats (G-III) were administered
Z.-spina christi leaves extract (10 mg/kg B.W) and s owed normal
arc itecture of t e liver, and normal epatocytes wit some areas
around t e periportal region appear to be mildly dilated (Figure 3-15-
L3). Liver tissue of group rats (G-IV) after administrated of ZnO-NPs
(10 mg/kg B.W) ex ibited a similar liver cytoarc itecture compared

wit t e group rats (G-III) but t e portal areas s ow mild to moderate
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round cell inflammatory infiltrate (Figure 3-15-L4). Finally, in bot
groups rats (G-V and G-VI) were co-administered adenine plus
aqueous extract of Z.-spina christi leaves (10 mg/kg B.W) or adenine
plus ZnO-NPs (10 mg/kg B.W) s owed reduced congestion of t e

epatic central vein, t e cytoplasm not vacuolated. Sinusoids are well
protected wit reduced inflammation epatocytes (Figure 3-15-L5 and
L6).

T e liver section of rats demonstrates adenine-induced periportal
inflammation, sinusoidal congestion emorr age, and epatic necrosis
int e liver of rats (Figure 3-15 7-L2). T ese results were in agreement
wit [240]. Liver damage is possible due to indirect renal failure or
directly by t e toxic effects of adenine-mediated oxidative stress ont e

epatic cell. Administration of Z.-spina christi leaves extract alone or
ZnO-NPs alone displayed approximately similar results as t at s owed
in t e control group (Figure 3-15- L3 and L4). T ese results were in
agreement wit previous studies [179], [241]. Ont e ot er and, group
rats t at were co-administered adenine plus aqueous extract of Z.-spina
christi leaves appeared significant improvement compared wit
adenine-treated rats as indicated by t e contrary periportal decreased
inflammatory epatic cells, reduced vacuolization, and sinusoidal
congestion in t e liver cells (Figure 3-15-L5). Finally, co-
administration of adenine plus ZnO-NPs en ancedt e epatic necrosis,
central vein, and sinusoidal congestion compared to adenine-exposed
rats (Figure 3-15-L6). T e ameliorative roles of t e synt esized ZnO-
NPs and Z.-spina christi leaves in t eir doses used can scavenge free
radicals and active oxygen species suc as singlet oxygen, free radicals,
and ydroxyl radicals, and safe t e renal and epatic tissues to natural
structure due to t eir antioxidant and anti-inflammatory properties

[242], [243].
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Conclusions and Future Studies

Conclusions

1- Zinc oxide nanoparticles were successfully synthesized from the
aqueous leaf extract of Ziziphus-spina christi and zinc nitrate
hexahydrate.

2- Phytochemicals presented in Ziziphus-spina christi leaves extract
could potentially be used as an effective reducing, capping, and
stabilizing agent for the green synthesis of ZnO-NPs.

3- Adenine-exposed male rats lead to a decrease in body weight, and
caused harmful defects in kidney and liver tissues by measuring levels
of (uric acid, urea creatinine, ALT, AST, and ALP).

4- The synthesized ZnO-NPs have good antioxidant activity against
oxidative stress and free radicals.

5- Both the synthesized ZnO-NPs and aqueous leaf extract of Ziziphus-
spina christi at a dose (10 mg/kg B.W) respectively, have ameliorative
effects against adenine-exposed male rats, implying that they may be
used safely against kidney and liver damage at this concentration;
slightly significant effects were observed in renal and liver tissues in
comparison to adenine group rats, implying that they may be powerful
antioxidant, anti-inflammatory, and antitoxic agents for biomedical

applications.
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Future Studies

1- Studying the green synthesis of another metal oxides nanoparticles
using different medicinal plants.

2- Study the effect of the synthesized zinc oxide nanoparticles from
Ziziphus-spina christi anticoagulant, anticancer antibacterial and
antifungal.

3- Evaluating the effect of the synthesized zinc oxide nanoparticles
from Ziziphus-spina christi as anti-anemia related with renal failure in
male rats.

4- Evaluating the effect of the synthesized zinc oxide nanoparticles
from Ziziphus-spina christi as anti-diabetic activity caused the renal
failure in male rats.

5- Study the effect of the synthesized zinc oxide nanoparticles from

Ziziphus-spina christi on the parathyroid hormone levels.
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