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Abstract— Green synthesis of nanoparticles known as the synthesis of nanoparticles using biosynthetic methods involving naturally
reducing agents such as polysaccharides, biological microorganism such as bacteria and fungus or plants extract. The synthesis of
nanoparticles by the use of biological methods have reached a colossal signification above physical and chemical procedures, this is due
to the use of innocuous, biocompatible, and ecologically-sound substrates and remarkably uncomplicated synthetic processes at
encompassing conditions. In this research, the synthesis, characterization and the determination of the antibacterial activity of Zinc
oxide Nanoparticles (ZnO NPs) was ascertained using stem bark extract of Ficus thonningii (Blume) as a stabilizing agent. However, the
anti-diabetic activity and some biochemical changes caused by the synthesized ZnO NPs on alloxan-induced diabetic Wistar Rats were
also determined. ZnO NPs were synthesized using biological method at different concentrations of ZnO solution (ImM, 2mM, 3mM and
4mM), these NPs were characterized using UV-visible spectroscopy, FTIR and SEM. Wistar rats weight 185 + 5g were grouped into nine
(9) groups (A, B, C, D, E, F, G, and I). Group A served as normal control which was given only feed and water, group B, C, D and E, were
induce and treated with ImM, 2mM, 3mM and 4mM ZnONPs respectively, then F and G were induced and treated with aqueous extract
and ethanolic extract while H was induced and treated with Glibenclamide (standard drug for diabetes) by gavage method and finally |
was induced and untreated which served as diabetic control. The results showed that ZnO NPs were synthesized with the indication of the
change in colour from yellow to dark brown colour. The UV-visible spectroscopy was taken at range between 200nm to 700nm which
displayed different peaks at the range of 209nm to 383nm. However, the FTIR showed the existence of various functional groups such as
C=C stretch, C=C stretch and Alcohol OH stretch representing the bioactive compounds such as phenol, amine and many others. The
Nanoparticles were analyzed with SEM to examine the morphology of the Nanoparticles. The diabetic induced rats revealed significant
decrease in fasting blood glucose after treatment compared with the diabetic untreated rats, the doses were effective when compared with
Glibenclamide treated rats. The levels of serum Alkaline phosphatase, Alanine Amino transferase, Albumin, Globulin, Bilirubin, Total
Protein, Urea, Creatinine and Electrolytes concentrations displayed no significant increase relative to diabetic control (p < 0.05; n > 5).

Index Terms— biomedical applications, kidney, liver, stabilizing agents, diabetes, nanoparticles

between 1nm to 100nm to produce structures, devices, and
INTRODUCTION systems that have innovative functional properties an
Nanotechnology refers to science and engineering ?ntersection_ derive(_j from nanote(_:hnolog_y gnq biology [4] It
involved in the design, manipulation, synthesis, IS the integration of multiple dlsc_lpllnes such. as
characterization and application of nanoscale materials, ~Piotechnology, nanotechnology, —chemical processing,
systems, devices and structures. This technology is an  Physical methodology and system engineering into biochips,
opening to new medicinal restorative changes for many Mmolecular motors, Nano crystals and Nano biomaterials
media that cannot be utilised successfully as traditional ~ [5]-Nano biotechnology deals with synthesis, design and
concepts because of their poor functionality [1]. st_ablllz_atlon of varlous_partlc!es_ at nano s_cale using
Nanotechnology as an emanating rapidly expanding field blolpglcal tools and_technlque_s, it involves manipulation of
with its implementation in Science and Technology for the particles structure with dimension smaller than 100 nm [6, 7].
purpose of discovering advanced materials at nano scale level
[2]. The term Nanotechnology was coined by Professor Norio
Taniguchi of Tokyo Science University in the year 1974 to
describe precision in manufacturing of materials at the
nanometer level [3].

Nanoparticles are collection of atoms in the size range of
1-100 nm. The use of nanoparticles is gaining priority in the
present years as they possess defined chemical, optical and
mechanical properties [8]. Nanoparticles have been
classically produced by physical and chemical methods,
involving techniques like heating and irradiation [9].
However, these methods are high-priced, noxious and unsafe,
thus the necessity for switch in approaches that are harmless,

Nanobiotechnology as a discipline in Nanotechnology has
become prominent in research and development at the
atomic, molecular, or macromolecular levels in the range
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low cost, free of contaminants for biological and medical
applications, more secured methods referred to as green
methods of nanoparticles synthesis. These methods have
shown encouraging solutions to those constituted by classical
approaches. However, the green synthesis of ZnO NPs using
variant biological materials such as spider cobweb, cola
nitida (kolanut) seed, seed shell, pod and cell-free extract of
Bacillus safensis with dominant biological activities was
recently demonstrated [10].

Zinc an enzyme activator predominantly exists in all body
tissues such as brain, muscle, bone, skin and many more as a
vital trace element. As the main component of various
enzyme systems, Zinc plays a part in various metabolic
processes like retaining the structural integrity of insulin,
significant roles in proteins and nucleic acid synthesis,
hematopoiesis, and neurogenesis [11]. Zinc oxide
nanoparticles (ZnO NPs), as one of the most vital metal oxide
nanoparticles, are widely utilized in numerous fields due to
their peculiarities in both physical and chemical possessions
[12]. Zinc oxide nanoparticles (ZnO NPs) are used in an
expanding number of industrial products such as rubber,
paint, coating, and cosmetics. In the past two decades, ZnO
NPs have become one of the most popular metal oxide
nanoparticles in biological applications due to their excellent
biocompatibility, great economic, and harmless effect.
Furthermore, ZnO NPs have emerged as a propitious
potential in biomedicine, especially in the fields of
anticancer, anti diabetic and antibacterial fields, which are
involved with their powerful ability to trigger excess reactive
oxygen species (ROS) production, release zinc ions, and
induce cell apoptosis. In addition, ZnO NPs are applied in the
rubber industry an anti-wearing for the rubber composite,
improve performance of high polymer in their toughness and
intensity and anti aging, and other functions [13]. The strong
UV absorption properties in ZnO increased the use in
personal care products, such as cosmetics and sunscreen [14].
In addition, ZnO NPs have supercilious antibacterial,
antimicrobial and magnificent UV blocking properties.
Therefore, in the textile industry, the completed fabrics
exhibited the attractive functions of ultraviolet and visible
light resistance by adding ZnO NPs [15]. Apart from the
applications afore-mentioned, Zinc oxide can also be used in
other branches of industry, including concrete production,
photo catalysis, electronics, electro technology industries,
and many others [16]. Moreover, ZnO NPs displayed an
outstanding luminescent property which turned out to be one
of the dominant candidates for bio imaging. Here, the
synthesis and recent advances of ZnO NPs in the biomedical
fields was summarized, which will be helpful for facilitating
their future research progress and focusing on biomedical
fields [17].

Ficus thonningii commonly known as the wild fig. is a
multi-stemmed, evergreen or briefly deciduous tree with a

dense, rounded to spreading crown, and is mainly distributed
in the upland forests of tropical and subtropical Africa, at
altitudes of between 1,000-2,500 m and grows best in light,
deep and well drained soils [18] Ficus thonningii, is one of
the many fruit-bearing trees that have traditionally been used
for treating diseases in Africa and beyond, it is also used in
ethnomedicinal systems, F.thonningii is a well-known
ornamental tree that is also used in improving agroforestic
systems. Its leaves are used as fodder and its bark is used for
making bark cloth. Like many woody trees, F.thonningii is
commonly used in homesteads for fencing, firewood and
construction [19]. The leaves are alternate or whorled,
mid-dark green and sub glossy above whilst paler below, and
can be rounded or tapering, 4.5-12 cm long, hairless or finely
hairy with a prominent midrib [20]. F. thonningii is a
flowering tree that is pollinated by wasps which enjoy a
symbiotic relationship and live in the syconium of its fruit
and it can easily be propagated using seeds and cuttings [21].
All parts of F. thonningii are medicinally useful, Macerations
of fresh F.thonningii leaves, taken orally, have been used by
traditional healers for treating diarrhoea, gonorrhoea and
diabetes mellitus [22]. In Angola decoctions of F.thonningii
leaves are used for treating wounds. Leaf extracts are also
used for treating bronchitis and urinary tract infections [23].
A decoction of the leaves is used in Mali for treating urinary
schistosomiasis [24]. In Nigeria, a maceration of the leaves is
used for treating stomach pains, gastritis, gastric ulcers and
other stomach conditions in animals [25]. The leaves can also
be used for treating liver disorders and disease conditions
associated with jaundice [26]. Other medicinal uses of the
leaves reported include treatment of bone movement
disorders, ringworm, thrush, scabies and athlete’s foot. The
latex has been traditionally used for treating fever, tooth
decay and ringworm cataract in the eye [27], also as a
vermifuge. Traditionally, the stem bark is pounded and the
infusion used for treating influenza, sore throat, colds,
arthritis, rheumatism and to relieve inflammation [28]. In
Tanzania, it is also used to stimulate lactation and in Mali and
Senegal, to treat respiratory diseases such as emphysema.
The roots are traditionally used for the treatment of malaria,
fever, hepatitis and dental pains. Further down, in Central
Africa, Congo Brazaville, the bark is used for treating
diarrhoea, cysts, skin diseases and ulcers. Additionally,
relieving stomach pains, diarrhoea, pneumonia and chest
pains are treatments exerted by the roots. Other people use
the bark decoction to enhance fertility and induce the
menstrual cycle [29]. In Southern Africa it is used as relief for
constipation and bowel disorders [30].

Furthermore, a large number of people suffer from
diabetes all over the world which is a metabolic disorder
characterized by high blood glucose. The development and
innovation of multiple modes of action in the medication of
diabetes is very vital because of the increasing number of the
patients annually [31]. Recent researches have demonstrated
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the role of metals in glucose metabolism and deficiencies
with diabetes, example of these metals include copper,
magnesium and zinc [32].

Moreover, most enzymes are indicators of diseases and its
state reported by various researchers and diagnosis. Increase
in the levels of kidney and liver enzymes is an indicative sign
of cell or tissue damage. Thus, it is very crucial to conduct
researches on these enzymes (such as AST, ALP, ALT) to
ascertain the proper functions of some key organs in the body
[33]. Creatinine as a significant constituent of the muscle is
excreted through the glomerular filtration in the kidney,
neither re-absorbed, secreted nor synthesized but its
clearance is equal to GFR. However, urea as the end product
of metabolism in protein biosynthesis is produced in the liver
which migrate to the blood and is excreted by the kidneys.
These metabolic processes and many others require a
functional organ to take place efficiently [34].

In this research, the green synthesis of ZnO NPs using
Ficus thonningii stem bark extract was used as the reducing
and stabilizing agent. The characterizations of the
synthesized nanoparticles using UV-visible spectroscopy,
FTIR and SEM were reported while

the activity of the synthesized nanoparticles was examined
against a gram positive and gram negative bacteria
(Streptococcus aureus and Salmonella typhi) using
Gentamicin as control, the antidiabetic effect of the
synthesized  nanoparticles ~ was  evaluated using
Glibenclamide as the judge using the alloxan-induced
diabetic rats, checked the changes in some biochemical
parameters caused by the synthesized nanoparticles.

MATERIALS AND METHODS

Chemicals and Reagents

The reagent and apparatus used are of analytical grade
obtained from Kano University of Science and Technology
Wudil. The apparatus were washed thoroughly dried in an
oven and stored for further analysis.

Sample collection and Preparation of extract

The stem barks were collected from Ajingi Local
Government Area, Kano State and authenticated by the
Department of Plant Biology, Bayero University Kano,
Nigeria with a voucher number BUKHAN 0110 and was
deposited at the herbarium of the Institute. The stem bark
from the plant Ficus thoninngi, was dried under shade and
pulverized into coarse powder using mortar and pestle.

The extract was prepared using the method previously
described by Suresh et al [35]. Briefly, the extraction was
performed using water as a solvent in which 20g of the
powder was soaked in 100mL deionized water in a conical

flask and heated in a water bath under constant shaking at 45
°C 24 hours, filtered with a Whatman No 1 filter paper and
the filtrate was stored at 4 °C until used.

Synthesis of Zinc oxide Nanoparticles (ZnO NPs)

ZnO NPs using F.thonningii aqueous stem bark extract
was prepared using the method described by Elham Zare et
al. with some minor modifications [36]. Synthesis of ZnO
NPs was carried out using 1mM, 2mM 3mM and 4mM
Zn(NO3)2+6H20 solutions in 90mL distilled water, 10mL of
F.thonningii extract was added dropwise to the mixture under
constant stirring at 60°C for five(5) consecutive hours for
complex formation . After the complex was formed, the
mixtures were calcined for 2 hours at 350 °C in a muffle
furnace.

Characterization of ZnO Nanopatrticles (ZnO NPs)

The produced nanoparticles were characterized by UV Vis
spectroscopy  using  (LAMBDA  25/35/45). UV-
spectrophotometer, and a sensitive technique Fourier
Transform Infrared (FTIR) spectroscopy analysis was carried
out using IR Affinity-1S spectrophotometer (Shimadzu, UK)
on the powder sample of ZnO NPs. The ZnO NPs solution
was centrifuged at 10,000 rpm for 20 min. The solid residue
obtained was then dried at room temperature, and the powder
obtained was used for FTIR measurements using KBr pellets.
The nanoparticles were then analyzed with Scanning
Electron Microscope (SEM) which was done using LEO
1430 VP, SEM machine. Thin films of the sample were
prepared on a carbon coated copper grid by just dropping a
very small amount of the sample on the grid, extra solution
was removed using a blotting paper and then the film on the
SEM grid were allowed to dry by putting it under a mercury
lamp for 5 min.

Antibacterial Activities of the Synthesized ZnO NPs

The bacterial activity of the produced ZnO NPs was
analysed using agar well diffusion method Perez et al [37].
The antibacterial activity test was done on Bacteria using
gram positive and gram negative (Staphylococcus aureus and
Salmonella typhi). Each bacterium was grown in peptone
water, and an 18-hour culture was used to seed plates of
Mueller-Hinton Agar. The plates were then bored using a
cork borer (6 mm) to create wells. The wells were irrigated
with 100l of graded concentrations of ZnO NPs prepared by
dispersion in sterile distilled water. The plates were thereafter
incubated at 370C for 24 hr. At the end of incubation, the
plates were examined for zones of inhibition.

Minimum Inhibitory Concentration (MIC) of ZnO NPs

The MIC of the F.thonningii ZnO NPs was determined by
broth dilution method. Different test tubes were labeled and
5ml of nutrient broth was introduced into each test tube, 0.5
ml of bacteria suspension was inoculated. This was followed
by the addition of the extract to the sterile nutrient broth test
tubes and incubated at 370C for 24 hours. In the control
tubes, only extract was not added (contains nutrient broth +
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bacteria), the other control contains (nutrient broth +
nanoparticles). By comparing the three sets of tubes, the
uninoculated test tubes were used to check the sterility of the
medium and as negative control while the positive control
tubes were used to check the suitability of the medium for
growth of the microorganisms. The MIC was determined by
the lowest concentration of the extract that prevented visible
growth [38].

Minimum Bactericidal Concentration (MBC) of ZnONPs

The MBC of the extract was determined by sub culturing
the contents of the tubes that showed inhibition of growth due
to the presence of extract (nanoparticles). The tubes were
plated out on nutrient agar plates which had neither
antibiotics nor extract and incubated for 24 hours to
determine whether there is growth of microorganisms or not,
to confirm the effect the extract (nanoparticles) on the
bacteria.

Experimental Animals

Albino Wistar rats weighed 185 + 5 g from the Biological
Science Department’s Animal House, Bayero University,
Kano. The Animals were kept in cages in the experimental
Animal House and allowed to acclimatize for two weeks
before the commencement of treatments. Animals were
maintained under standard hygienic and environmental
conditions with alternate 12h light and dark cycle and were
served with food and clean water. Handling of animals was
consistent with relevant guidelines on the care and use of
laboratory animals (National Research Council 2011). They
were sustained throughout the experimental period in
conformity with the Ethics Committee of Kano University of
Science and Technology, Wudil.

Experimental Design

Wistar rats weight 185 + 5g were grouped into nine (9)
groups (A, B, C, D, E, F, G, H and I). Group A served as
normal control which was given only feed and water, group
B, C, D and E, were induce and treated with 1mM, 2mM,
3mM and 4mM ZnO NPs respectively, then F and G were
induced and treated with aqueous extract and ethanolic
extract while H was induced and treated with Glibenclamide
(standard drug for diabetes) and finally | was induced and
untreated which served as diabetic control.

Blood Sampling and Tissue Preparation

The rats were weighed, anesthetized with 60/6 mg/kg of
ketamine/xylazine intraperitoneally 24h after the last
treatment. Blood samples were taken in a clean and sterile
sample container. The serum was obtained after the blood
sample was centrifuged at 3000 rpm for 15 min stored at

—80-C prior to analysis.

Biochemical Parameters Analysis

The serum levels of AST, ALT, ALP, ALB, BIL, CREA,
urea, serum electrolyte concentration, (Randox Laboratory
Limited County Antrim, United Kingdom) according to the
manufacturer’s instructions. The protein content of the serum
was determined by Biuret method as described by [39].

Statistical Analysis

Statistical analysis of the data was carried out through the
Statistical Package for Social Science (SPSS) computer
software version 11 using ANOVA and student's t-test at
95% confidence limit with P-value of (<0.05) being
considered as significant. Results were expressed as mean +
standard deviation (mean + SD).

RESULTS AND DISCUSSION

In this present study, ZnO NPs were synthesized using
F.thonningii stem bark extract as bioreductant. The average
weight of the experimental rats before and after induction,
two (2) weeks after treatment and four (4) weeks after
treatment is given in Table 1 in grammes. It can be observed
that the weight of all groups increased when compared with
untreated group of rats.

UV visible spectroscopy as one of the most commonly
used technique for the characterization of synthesized nano
particles was used to analyzed the formation of ZnO NPs
from Zinc nitrate solution, thus the color change from dark
brown to light brown formed indicates the formation of ZnO
NPs.

The results of the UV-visible absorption of the synthesized
ZnO NPs with different concentrations 1mM, 2mM, 3mM
and 4mM displayed different absorption peaks between
209nm to 383nm as shown in Figure 1A, B, C and D which is
in conformity with the range of light absorption maxima
scanned at range of 200-700nm. Umar et al reported the
biosynthesis of ZnO NPs using Albizia lebbeck stem bark
extract and Zinc nitrate with absorption peak at 368nm [40].
The increase in the concentrations of the metal ions of Zinc
nitatre unfolded the effect on the intensity of the synthesized
nanoparticle and gives a reflection of the stability of the
synthesized ZnO NPs after 24hours as shown in Figure 1 for
1mM, 2mM, 3mM and 4mM when light passes through the
solution, the confirmation of nanoparticles was displayed in
the range between 200 to 400nm.
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Table 1: The average weight of experimental Rats before and after induction, weeks after treatment

Average weight
Experimental  before Average weight after| Average weight 2 Average weight 4
weeks after
groups induction (g) induction (g) treatment weeks after treatment
(9) (9)
A- Normal

Control 182+3 181+4 189+7 19744
B- 1mM ZnO

NPs 189+3 188+5 190+4 193+3
C- 2mM ZnO

NPs 187+2 187+3 189+3 197+2
D-3mM ZnO

NPs 187+5 185+3 188+6 197+2
E- 4mM ZnO

NPs 184+4 183+2 190+4 198+4
F- Aqueous 186+2 184+4 187+3 199+2
Extract
G- Ethanolic 185+6 184+4 188+6 190+3
Extract
H-

Glibenclamide 19045 18845 19316 19742
|- Diabetic 181+2 17944 17648 16717
untreated
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Figure 1: The UV-vis absorption spectrum of the biosynthesized ZnO NPs for 1mM.
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Figure 1: The UV-vis absorption spectrum of the biosynthesized ZnO NPs for 2mM.
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Figure 1: The UV-vis absorption spectrum of the biosynthesized ZnO NPs for 3mM.
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Figure 1: The UV-vis absorption spectrum of the biosynthesized ZnO NPs for 4mM.
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FTIR result shown in the Table 2 displays some
biomolecules and functional group that are responsible to
stabilized and capped the synthesized ZnONPs at
concentration of 4mM, 3mM, 2mM, and 1mM. Such
functional groups are pointed within a distinctive frequency
which recorded the FTIR spectrum as shown in Figure 4, 5, 6,
7 and 8. The spectrum consists of four distinct peaks in the
entire range of recorded spectrum at both 4mM, 3mM, 2mM
and 1mM synthesized ZnO NPs. Bands at 1640 cm-1 are

attributed to C=C bending of alkenes, N-H bending of
primary amine and C=0 stretching vibration of carbonyl of
amide [41] The band at 2117,2124, and 2125 cm-1 as they are
within the range of 22032114 cm-1 may denote the stretching

C=C stretch stretch bonds found in alkynes [42] whereas a

band noticed at 3257,3253 and 3260 cm-1 as they are within
the range of 3600-3200 cm-1 indicates the O-H stretching of
aromatic compounds (like phenol) [43].

Table 2: FTIR Result showing different functional groups and intensities

Concentrations Frequencies (Cm™) Functional group Intensity Assignment
4mM
1640 C=C stretch Strong Alkene
2132 C=C stretch Variable Alkyne
3260 O-H stretching Strong Alcohol
3mM 1640 C=C stretch Strong Alkene
3260 O-H stretch Strong Alcohol
2mM 1640 C=C stretch Strong Alkene
3268 O-H stretch Strong Alcohol
1mM 1637 C=C stretch Strong Alkene
3264 O-H stretch Strong Alcohol
3819 O-H stretch Strong Alcohol
3838 O-H stretch Strong Alcohol
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Figure 2. The FTIR result of the biosynthesized ZnO NPs for ImM.
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Figure 3: The FTIR result of the biosynthesized ZnO NPs for 2mM.
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Figure 6D: The SEM micrograph obtained for ImM ZnO NPS

However, Scanning Electron Microscopy (SEM) analysis
of the synthesized 1mM ZnO NPs (Figure 6) confirms the
existence of small-scale particles which displayed the surface
morphology of the ZnO NPs with many irregular
morphology due to slight accumulation of Zinc oxide. Umar
et al synthesized ZnO NPs using Albizia lebbeck extract
which revealed irregular spherical morphology at the
concentration of 0.1M, 0.05M and 0.01M with various
accumulated particles [40].

ANTIBACTERIAL ANALYSIS

The antibacterial activity of the synthesized ZnO NPs was
carried out using gram +ve and gram -ve bacteria

(Staphylococcus aurens and Salmonella typhis) respectively.
Measurement of zone of inhibition, minimum inhibitory
concentration and minimum bactericidal concentration ware
carried out to determine the antibacterial efficacy of the
synthesized ZnO NPs in the presence of Ciprofloxacin as
control (Table 3). Table 3 shows the Zone of inhibition of the
synthesized ZnO NPs Nanoparticles at different
concentration and control (ciprofloxacin). It can be examined
that the diameter of inhibition zone is lower for gram
negative bacteria than that of gram positive bacteria and the
efficacy of the synthesized ZnO NPs is increasing as the
concentration of the ZnO NPs is increased.

10
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Table 3: Zone of inhibition (mm) of ZnONPs Synthesized from aqueous stem bark extract of Ficus thonningii at different
concentrations and control (Gentamicin)

Test Organisms ZnONPs ImM| ZnONPs 2mM| ZnONPs 3mM| ZnONPs4mM Control
Staphylococcus aureus 14+0.2 16+0.4 16+£0.8 19+0.2 20 +0.
Salmonella typhi 10+0.6 11+0.2 15+0.4 17+0.8 15 0.2

replicate experiments and analyzed using one-way ANOVA.

Data are presented as the mean + SD of at least n > 5

Table 4: MIC results of ZnONPs Synthesized from aqueous stem bark extract of Ficus thonningii at different concentrations
and control (Gentamicin)

Key = Negative (-) No growth, while Positive (+) there is
Table 5: MBC results of ZnONPs Synthesized from aqueous stem bark extract of Ficus thonningii at different
concentrations and control (Gentamicin)

ZnONPs
Test Organisms ZnO NPs1mM | ZnO NPs2mM | ZnO NPs 3mM4mM Control
Staphylococcus aureus - - - - p
Salmonella typhi - - - - -
growth

ZnONPs ZnONPs
Test Organisms ZnONPs ImM2mM ZnONPs 3mMi4mM Control
Staphylococcus aureus - - . - -
Salmonella typhi + - - - -

Key = Negative ( -) No growth , while Positive (+) there is

growth

Antidiabetic Effect of synthesized ZnO NPs

treatment with the synthesized ZnO NPs revealed decreased

in the levels of fasting blood sugar levels (FBS) in Table 6

relative to control, this is similar to the report of Alkaladi et al
[44].

The evaluated result of this present study after 4 weeks of
Table 6: The result of Fasting Blood Sugar for the duration of 4 weeks

Experimen FBS(mg/d FBS(mg/d FB (mg/d| FBS FB  (mg/dL
tal L) L) FBS (mg/dL) |S L) mg/dL) S )
Before After Aft After 2| After 3| Aft 4
groups induction induction er 1 week weeks weeks er  weeks
Treatment treatment treatment Treatment
Normal 111.2+5.8 1753+ 2.7 117.0+£5.9 91.9+23 81.7+2.3 779159
13 10
1mM ZnO NPs| 113.9+7.9 190.9+3.7 (1.1 +6.3 b.3 +6.7| 959+59 85.0+4.9
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9 12 10
2mM ZnO NPs[0.0 +13.1 2234+5.9 9.0 +10.1 2.9 +57 | 979+76 90.9+3.7
9
3mM ZnO NPs[0.0 +13.1 266.9+ 6.4 119.8+3.9 111.0+£9.4 | 96.0+4.2 92.2+6.5
9
4mM ZnO NPsb.9 +7.2 337.9+45 115.7 + 4.7 97.6+5.8 88.0+3.2 80.0+5.6
Agueous 9 10
extract 7.6 +1.3 176.2+3.7 2.6 +1.9 93.9+54 82.1+1.8 80.9+4.3
Ethanolic
extract 100.4 +£3.6 218.7+5.4 117.2+2.3 1106 +9.8 | 103.0+2.8 99.7+3.2
15 13
Glibenclamide| 90.80 +£5.2 195+6.8 2.5 +76 .6 +11.4 119.8+5.7 105.5+9.7
9 24 28
Diabetic 6.1 +53 219.2+35 B.7 +570 2.9 +4.80 286.2+75 3234 +6.38
Untreated

Biochemical Parametres Analysis

This report studied the effect of different concentrations of

ZnO NPs on serum level of kidney and liver markers reported

in Tables ,7,8 and 9. There is no significant change
observed relative to control as compared to the report of
Kavaz et al 2021 [45].

Table 7: Results of Biochemical parameters analysis

Experimental Group ALP AST ALT T.BIL
Normal 27 +£0.6 2+0.6 6+ 0.354 9+1.061
1mM ZnO NPs 1+0.5 16 + 0.6 2+ 0.566 4 +0.990
2mM ZnO NPs 13.3+0.9 22+0.9 20+0.01 5+0.01
3mM ZnO NPs 13+05 10+05 44 +£0.354 4 +0.071
4mM ZnO NPs 8.0+£0.9 16.2+0.2 2.0+0.02 3.1+£0.07
Aqgueous extract 1+0.3 6+0.3 2+0.495 3+0.54
Zinc nitrate 5+0.3 6+0.6 10 £ 0.707 5+0.354
Diabetic Untreated 8+0.7 16+0.3 6+0.141 6 +0.495
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Table 8: Results of Biochemical parameters analysis

Group D. BIL T.PROT ALB GLB
Control 5+ 0.566 54 + 0.354 37 +0.707 17 £0.707
1mM ZnO NPs 1+0.002 48 £0.354 38 +0.707 10+ 0.354
2mM ZnO NPs 1+0.03 54 +0.01 37+£0.02 17 +0.01
3mM ZnO NPs 3+0.354 58 £ 0.707 36 +0.636 22 +0.636
4mM ZnO NPs 1+0.01 56 +0.03 37 +£0.03 19 +0.02
Agueous extract 1+0.707 58 £ 0.707 35 +0.707 23 +£0.283
Zinc nitrate 2+0.707 60 + 0.354 28 +0.707 32 £0.707
Diabetic untreated 3+0.707 62 £ 0.707 58 + 0.495 44 +0.707
Table 9: Results of Biochemical parameters analysis
CREATININ
Experimental N+ K+ HCO3- CL- UREA E
Groups
Normal 132+.707 9.1+.2121 20+£1.0607 108+1.4142 5.8+.2121 48+.2121
1mM ZnO NPs| 131+1.414 | 5.1+.0707 24+.4243 94+.5657 9.1+.3536 71+.7071
2mM ZnO NPs| 126.0+0.58| 5.6+0.02 31.3+0.88 105.2+0.23 9.31£0.12 71.2+0.15
3mM ZnO NPs| 133+.707 5.7+£.0707 22+.6364 113+.3536 8.5+.3536 65+.2121
4mM ZnO NPs| 31.0+0.58 5.8+0.02 36.3+0.88 105.2+0.15 8.6+0.09 56.2+0.12
Aqueous
extract 132+1.414 | 5.8+.2828 23+.3536 116+.5657 12.3+.1414 100+2.8284
Zinc nitrate 133+.707 6.0+.3535 24+.3536 98+.3536 8.4+.0707 64+.7071
Diabetic 129+.707 6.9+.3535 25+.7071 90+£1.4142 21.9+.4950 121+1.4142
Untreated
CONCLUSION achieved through UV-vis spectroscopy, FTIR and SEM

The present study demonstrated the synthesis of ZnO NPs
from different concentrations using Ficus thonningii stem
bark extract via simple and stable green synthesis which acts
a stabilizing and reducing agent. The characterization was

analysis. However, the broad spectrum of the antibacterial
activity of the biosynthesized ZnO NPs can be integrated into
various medical and pharmaceutical applications for more
classical treatments, effective prevention against infections
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and disease-causative agents. The antidiabetic activity
studied elucidated ZnO NPs as agents that can reduce blood
glucose, increased insulin expression while the biochemical
parametres determined as a sequestering agent on
biochemical metabolism. These ZnO NPs can be used as
prospective entrant for diverse of biomedical applications.

REFERENCES

[1] Sahoo S. K., Parveen S., and Panda J.J. (2007). The present
and future of nanotechnology in human health care.
Nanomedicine: Nanotechnology, Biology and Medicine 3
(1), 20-31

[2] Albrecht MA, Evan CW, Raston CL (2006).Green
chemistry and the health implications of nanoparticles.
Green Chem 8:41732

[3] Taniguchi N. (1974) On the Basic Concept of
Nano-Technology. Proc. Intl. Conf. Prod. Eng. Tokyo, Part
I1. Japan Society of Precision Engineering

[4] Bhat, R., Deshpande, R., Ganachari, S.V., Huh, D.O.,
Venka-taraman, A. (2011). Photo-irradiated bio-synthesis of
silver nanoparticles using edible mushroom Pleurotus
florida and their antibacterial activity studies. Bioinorg.
Chem. Appl. 2011, 172.

[5] Heinrich, K. (2004). Nanotechnology: from molecules to
systems. Eng. Life Sci. 4, 211-218 3.

[6] Guzman M, Dille J, Godet S (2012). Synthesis and
antibacterial activity of silver nanoparticles against
gram-positive and gram-negative bacteria. Nanomedicine:
Nanotechnology, Biology and Medicinem 8:37-45

[7] Gasaymeh SS, Radiman S, Lee YH, Saion E, Saeed GH
(2010). Synthesis and characterization of silver/
polyvinilpirrolidone (Ag/PVP) nanoparticles using gamma
irradiation techniques. American Journal of Applied
Sciences 7:892-901

[8] Mohamed AGT (2013). Stachybotrys chartarum: a novel
biological agent for the extracellular synthesis of silver
nanoparticles and their antimicrobial activity. Indonesian
Journal of Biotechnology 18:75-82.

[9] Smijs T.G and S. Pavel. (2011) “Titanium dioxide and zinc
oxide nanoparticles in sunscreens: focus on their safety and
effectiveness,” Nanotechnology, Science and Applications,
vol. 4, pp. 95-112.

[10] Ruszkiewicz U.J, A. Pinkas, B. Ferrer, T. V. Peres, A.
Tsatsakis, and M. Aschner. (2017) “Neurotoxic effect of
active ingredients in sunscreen products, a contemporary
review,” Toxicology Reports, vol. 4, pp. 245-259. SW

[11] Kolodziejczak A-Radzimska and T. Jesionowski. (2014)
“Zinc oxide—from synthesis to application: a review,”
Materials, vol. 7, no. 4, pp. 2833-2881

[12] Sahoo S, M. Maiti, A. Ganguly, J. J. George, and A. K.
Bhowmick (2007). “Effect of zinc oxide nanoparticles as
cure activator on the properties of natural rubber and nitrile
rubber,” Journal of Applied Polymer Science, vol. 105, no.
4, pp. 2407-2415.

[13] Newman M.D, M. Stotland, and J. 1. Ellis. (2009) safety of
nanosized particles in Titanium dioxide- and Zinc
oxide-based sunscreens,” Journal of the American Academy
of Dermatology, vol. 61, no. 4, pp. 685-692.

[14] Hatamie J.A, A. Khan, M. Golabi. (2015) “Zinc oxide
nanostructure-modified textile and its application to
biosensing, photocatalysis, and as antibacterial material,”
Langmuir, vol. 31, no. 39, pp. 10913-10921.

[15] Xiao F.X, S. F. Hung, H. B. Tao, J. Miao, H. B. Yang, and
B. Liu. (2014) “Spatially branched hierarchical ZnO
nanorod-TiO2 nanotube array heterostructures for versatile
photocatalytic and photoelectrocatalytic applications:
towards intimate integration of 1D-1D hybrid
nanostructures,” Nanoscale, vol. 6, no. 24, pp. 14950-
14961.

[16] Hines, D.A. and Eckman, K. (1993). Indigenous
multipurpose trees of Tanzania, Uses and economic benefits
for people. FAO Corporate document repository.
(http://www.fao.org/docrep/x5327e/x27e00.htm)

[17] Orwa, C., Mutua, A., Kindt, R., Jamnadass, R. and Anthony,
S. (2009). Agroforestry Tree Database: A tree reference and
selection guide version 4.0.
(http://www.worldagroforestry.org/sites/treedbs/treedataba
ses.asp accessed on12/6/11)

[18] Hyde, M.A. and Wursten, B. (2011). Flora of Zimbabwe.
(http://www.zimbabweflora.co.zw/speciesdata/utilities/utili
ty/ species-search-binomial, php) accessed 24/08/2011

[19] Danthu, P., Solovier, P., Gaye, A., Sarr, A., Seck, M. and
Thomas, I. (2002): Vegetative propagation of some
WestAfrican species by cuttings. Agrofor. Sys. 55: 57-63.

[20] Njoronge, G.N. and Kibunga J.W. (2007). Herbal medicine
acceptance, sources and utilisation for diarrhoea
management in a cosmopolitan urban area (Thika, Kenya).
Afr.J. Ecol., 45: 65-70.

[21] Cousins, D. and H uffman, M.A. (2002): Medicinal
properties in the diets of gorillas: an ethno-pharmacological
evaluation. Afr. Study Monogr 23: 65-89.

[22] Bah, S., Diallo, D., Dembele, B. and Paulsen, S. (2006):
Ethnopharmacological survey of plants used for the
treatment of schistosomiasis in Niono district, Mali. J.
Ethnopharmacol., 105: 387-399.

[23] Nwude, N. and lbrahim, M.A. (1980). Plants used in
traditional veterinary medical practice in Nigeria. J. Vet.
Pharmcol.Ther., 3: 271-273.

[24] Ahur, V.M., Madubunyi, I., Adenkola, A.Y. and Udem, S.C.
(2010). The effect of acetyl acetate extract of Ficus
thonningii (Blume) leaves on erythrocyte osmotic fragility
and haematological Parameters in acetaminophentreated
rats. Com. Clin. Pathol.,10: 1107-1111.

[25] Moshi, M.J., Otieno, D.F., Mbabazi P.K. and Weisheit.A.
(2009). The ethnomedicine of the Haya people of Bugabo
ward, Kagera Region, North-western Tanzania. J. Ethnobiol
Ethnomed., 5: 24.

[26] Alawa, J. P., Jokthan, G.E. and Akut, K. (2002).
Ethnoveterinary medical practice for ruminants in the
sub-humid zone of the northern Nigeria. Prev. Vet. Med.,
54: 79-90.

[27] Minja, M.M.J. (1994). Medicinal plants used in promotion
of animal health in Tanzania. Animal Diseases Research
Insit. Presses Universitaires de Namur, Dar Es Salaam, pp.
335-364.

[28] Teklehaymanot, T. and Gidday, M. (2007). Ethnobotanical
study of medicinal plants used by people in Zegie Peninsula,
North Western Ethiopia. J. Ethnobiol. Ethnomed.,3: 12.

14



#HIFERP

ISSN (Online) 2456 -1304

International Journal of Science, Engineering and Management (IJSEM)
Vol 9, Issue 10, October 2022

[29] Watt, J.M. and Breyer-Branddwijk, G.M. (1962). The
medicinal and poisonous plants of Southern and Eastern
Africa, 2nd ed. E. and S Livingstone Ltd, Edinburgh and
London, pp. 773.

[30] Lin, Y. Sun, Z. (2010). Current views on Type 2 Diabetes.
J.Endrocrinol. 204, 1-11.

[31] Chausmer, A.B. (1998). Zinc, insulin and diabetes. J. Am.
Coll. Nutr. 17, 109-115

[32] Etim, E.1., Essien, E.E., Eseyin, O.A. and Udoh, |.E. (2013).
Effect of some artemisinin combination therapy regiments
with send without concomitant administration of
phospholipids on the levels of plasma aminotransferases and
bilirubin  in  Nigerian male  subjects.  Afr.J.
Pharmacol.Ther.2:17-25.

[33] Hasper,D. and Jorres,A. (2011). New insights into the
management of hepato-renal syndrome. Liver Int. 31:27-30

[34] Suresh J, Pradheesh G, Alexramani V, Sundrarajan M,
Hong SI. (2018) Green synthesis and characterization of
Zinc oxide Nanoparticle using insulin plant (Costus pictus
D.Don) and investigation of its antimicrobial as well as
anticancer activities. Add Nat Sci Nanosci Nanotechnol.
9(1):015008. (Google Scholar)

[35] Zare, E.; Pourseyedi, S.; Khatami, M.; Darezereshki, E.
(2017) Simple biosynthesis of zinc oxide nanoparticles
using nature’s source, andit’s in vitro bio-activity. J. Mol.
Struct. 1146, 96-103

[36] Perez C., Paul M. Bazerque P. (1990). Antibiotics assay by
agar well diffusion method. Acta Biol. Med. Exp. 15:
113-115

[37] Andrews J.M (2001). Determination of minimum inhibitory
concentration. J. Antimicrob. Chemother. 48(1):5-16

[38] Olivares, R.W.1.; Postma, G.; Schapira, A.; Iglesias, D.E;
Valdez, L.B.; Breininger, E.; Gazzaneo, P.D.; Minatel, L.
(2019) Biochemical and morphological alterations in hearts
of copper-deficient bovines. Biol. Trace Element Res., 189,
447455,

[39] Umar, H., Kavaz, D., Rizaner, N. (2018) Biosynthesis of
Zinc oxide Nanoparticles using Albizia lebbeck stem bark,
and evaluation of its antimicrobial, antioxidant and
cytotoxic activities on human breast cancer cell lines. Int. J.
Nanomed. 14,87-100

[40] Lateef A., Ojo S.A., Akinwale AS., Azeez L.,
Gueguim-Kana E.B., Beukes L.S. (2015). Biogenic
synthesis of silver nanoparticles using cell-free extract of
Bacillus safensis LAU 13: antimicrobial, free radical
scavenging and larvicidal activities. Biologia , 70,
1295-1306.

[41] Sunday A.O., Lateef A., Musibau A.A., Suliat M.O., Abiola
S.A., Tesleem B.A., Taofeek A.Y, Akeem A., lyabo C.O.,
Evariste B.G., and Lorika S.B. (2016). Biomedical and
Catalytic Applications of Gold and Silver-Gold Alloy
Nanoparticles Biosynthesized Using Cell-Free Extract of
Bacillus Safensis LAU 13: Antifungal, Dye Degradation,
Anti-Coagulant and  Thrombolytic ~ Activities. leee
transactions on nanobioscience, vol. 15, no. 5

[42] Roy K., Sarkar C.K., Ghosh C.K. (2015). “Single-Step
Novel Biosynthesis of Silver Nanoparticles Using Cucumis
Sativus Fruit Extract and Study of Its Photocatalytic and
Antibacterial Activity ““. Digest Journal of Nanomaterials
and Biostructures 10(1)

[43] Goyal, A.K., Middha, S.K., Usha, T. and Sen A. (2017).
Analysis of toxic, anti diabetic and antioxidant potential of
Bambusa balcooa Roxb. Leaf extracts in alloxan-induced
diabetic rats. 3 Biotech. pubmed.ncbi

[44] Alkaladi, A., Abdelazim, M.A., and Afifi, M. (2014).
Antidiabetic activity of Zinc oxide and Silver nanoparticles
on Streptozotocin-Induced Diabetic Rats. Int.J.Mol.Sci.
15(2), 2015-2023

[45] Kavaz, D., Abubakar, A.L., Rizaner, Nahit. and Umar, H.
(2021). Biosynthesized ZnO Nanoparticles using Albizia
lebbeck extract induced biochemical and morphological
alterations in Wistar Rats. Molecules 26, 3864 MDPI

15



