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Abstract
                         

Nanoparticle science is currently an area of intense scientific research due to a wide range of possible 
applications in the biomedical and electronic fields. Nanoparticle works as an important bridge 
between bulk materials and atomic or molecular structures. The aim of this study is to evaluate 
the preparation of clove buds by extraction and encapsulation using nanoprecipitation technique 
with selenium nanoparticles. The nanoparticles are prepared by nanoprecipitation technique and 
characterized by particles sizers, UV spectrophotometers, and scanning electron microscopy (SEM) 
images which were utilized for regular distribution and spherical shape of nanoparticles with the 
size range of 206.5 nm; active compounds were detected by Gas chromatography-mass spectrometry 
(GC-MS). The antioxidant activity of clove nanoparticles was evaluated against hepatotoxic 
thioacetamide in male rats. 30 albino male rats were divided into 6 groups, with 5 rats in each group. 
All groups of animals were treated with single dose of Thioacetamide100 mg/kg except the control. 
Groups T2 and T3 received Thioacetamide (100)/kg) I.p., treated orally with 100 mg/kg of clove 
extract and clove nanoparticles of dose by day respectively, while the last group was  treated with 
selenium nanoparticles at dose 0.5 mg/kg daily. The selenium loaded clove nanoparticles showed 
spherical shape with seller size of 206.5 nm. GCMS of Syzygium aromaticum (clove) contained 
more than 13 active compounds. Consequently, the cytogenic study of clove nanoparticles showed a 
clear reducing of micronuclei percentages, chromosomal aberration and their types. In addition, the 
serum evaluated in this study showed significant reduction of TNFa ng/dl and IL6 in rats treated with 
clove extract and clove-nanoparticles in comparison with thioacetamide alone.  Interestingly, the 
antioxidant activity of GPX was significantly elevated in rats having received clove-nanoparticles. 
Additionally, the histopathological defect such as inflammation and necrosis in liver and kidney 
was cured by using clove nanoparticles. The clove loaded selenium nanoparticles illustrated strong 
antioxidant and scavenging activities led by alleviate cytogenic and tissue damage induced by 
thioacetamide.
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Introduction 

The use of herbal medicines and supplements has 
increased dramatically over the past three decades, 
with no less than 80 percent of individuals worldwide 
relying on them for some type of primary health 
car [1]. The fact that closely related plants have the 
same or identical chemical profiles is the basis of 
chemotaxonomy [2, 3]; therefore, in different diseases, 
plants are used as complementary and alternative 
medicine. 

S y z y g i u m  a r o m a t i c u m  ( c l o v e )  h a s  m a n y 
pharmacological activities and is a popular spice 
used for food preservation, in particular, in meat 
production, chemical preservatives are substituted 
because of their antioxidant and antimicrobial 
properties [4]. However, among other spices, the clove 
has gained considerable interest because of its high 
antimicrobial and antioxidant activities [5]. Clove 
flower buds have more than 18 percent of volatile oil 
containing β-cariofilenoeugenol acetate and eugenol, 
which confirmed vitro antioxidant effectiveness 
since it enables the hydrogen atom to be donated and 
therefore fixes the radical phenoxil, which results 
in the formation of steady molecules that do not 
produce or increase oxidation [6]. Ethanolic extract 
of S. Aromaticum, in addition, exhibited powerful 
antioxidant activity that results in hepatoprotective 
activity against paracetamol causing liver damage due 
to inhibition of intracellular enzymes via efficacy of 
membrane stabilization with tissue regeneration repair 
mechanism [6].

Han and parker [7] reported that S. aromaticum 
had antiviral, antifungal, antimicrobial, antioxidant, 
anticancer, and anti-inflammatory properties, due to 
the active constituent eugenol. Curiously, it has been 
shown that S. aromaticum inhibits cytotoxic activities 
and inhibits human tumor cell lines PC-3 and Hep 
G2, which cause dehydrodieugenol-related death of 
human cancer cells [8]. In addition, Clove oil and 
eugenol play a key role in the fight against breast, 
leukemia, lung, and colorectal tumor cells by anti-
cancer activities. Clove oil has an immunomodulatory 
and anti-inflammatory effect through the suppression 
of the pathway of nuclear factor -κB (NF-κB) and 
lipopolysaccharide (LPS) action [8, 9]. In HL60 
cancer cells, Eugenol displayed various degrees of 
cytotoxicity and inhibited cell growth by 50 percent 
at a concentration of 23.7 μM. The findings showed 
a substantial increase in eugenol-induced fragmented 

DNA. Eugenol also has the potential to induce ROS-
dependent apoptosis induction in a line of HL-
60 cells [8]. On the other hands, eugenol and some 
alkaloids such as sanguinarine and benzo have been 
found to defend the hepatocyte against hepatotoxicity 
in male rats induced by CCl4 [10]. In conventional 
biological imaging of cells and tissues, nanoparticles 
can provide essential improvements. There are 
various benefits of nanoparticles to modern medicine 
[11]; the concentration of drugs in target tissues has 
been improved; hence, lower doses of the drug are 
required. Furthermore, decreasing patient-to-patient 
variability, increasing solubility, increasing oral 
bioavailability, increasing dissolution rate, increased 
surface area, a limited amount of dosage demand and 
a quicker initiation of therapeutic action are some 
of the benefits of nanosizing [12]. Moreover, some 
specific characteristics that can be promoted to expand 
distribution, improve drug localization and improve 
drug efficacy have been achieved by drugs that are 
conveyed to the nano range [13]. In our research, 
improving herbal medicine through nanotechnology 
enhances the pharmacological activity of traditional 
therapeutic medicinal plants, phytometabolites and 
metabolomics, and the pharmacological activity of 
these nanoparticles in the field of delving deeper.

Experimental

Martials vitamin E-TPGS was purchased from MCE, 
USA, Eliza kit Rat glutathione (GSH) SL0998Ra. This 
study was conducted at the period January - March, 
2020 in pharmacology department of veterinary 
medicine of AL-Qassim Green University.

Preparation of clove extracts 

Clove bud was dried in oven (40 °C) and ground 
to fine powder in a mill. Milled material (200 g) was 
extracted individually with organic solvents with 200 
mL ethanol 70% and distilled water using magnetic 
stirrer with temperature 40 °C and by filtration by 
filter paper (Whatman No. 1). The period of extract 
was 4 h. The remaining were re-extracted under the 
same manner. The extract was collected after solvent 
evaporated by oven under 45 °C. The extract was 
weighed to determine the dried yield then stored at 20 
°C for further analyses [12].

Preparation of clove-SE-TPGS nanoparticles

Nanoparticles of clove extracts were prepared by 
the nanoprecipitation method according to [14] with 
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mild modification. The organic solution including 100 
mg of clove was placed in a glass test tube, and then 
transferred 1 mL of acetone solvent, a small piece of 
aluminum foil, and Parafilm the foil used to close the 
tube then incubated overnight; then vortex on high 
speed until all extract was entity  dissolved (~10 min). 
An aqueous phase was prepared by adding 100 mL of 
0.03% w/v Vitamin E-TPGS and 100 mg of selenium 
nanoparticles to a 200 mL glass beaker for overnight. 
After that, put on a magnetic stir bar at the stirring 
speed 500 rpm. Then, the test tube was stirred. 100 μL 
of clove extract was immediately added to the aqueous 
phase of TPGS-selenium under high stirring by vortex 
at 800 rpm for 5 min, until all quantity of extract 
added to TPGS. The emulsified clove extract solution 
was put in the small beaker 20 mL, and then directly 
transferred to the ultrasonicator and immersed in the 
ice water and sonicate the emulsion for 9 min, pulse 
on time 15 seconds with pulse off time 15 seconds 
and 50% amplitude. The emulsified nanoparticle was 
put in beaker 100 mL and then wrapped in aluminum 
foil, the top of beaker was leaved open to facilitate 
solvent evaporation.The suspension obtained was 
filtered (Whatman filter paper 1) to discard any 
precipitated and then centrifuged at 14 000 rpm at 4 
°C. The supernatant containing the unbound drug was 
discarded; the pellet obtained was washed 2-3 times 
with distilled water.

Characterization of clove-SE nanoparticles 
coated by TPGS

This step can be conducted using apparatus particle 
size, UV-visible spectrometry and scanning electron 
microscope (SEM). For this purpose, nano zeta sizer 
(Malvern Instruments, UK) was used.

Experimental study

30 healthy male rats weighing 200-250 g and aged 
3 months were used in this study; they were obtained 
from the animal house colony in veterinary medicine 
and kept for 14 days as acclimatization period before 
the beginning of the experiment. The animals were 
maintained at standard housing conditions and fed with 
a standard pellet diet, and water was given ad libitum. 

Induction of liver damage in male rats   

30 albino male rats were colonized in animal 
house of AL-Qasim Green University of Veterinary 
Medicine. The rats were randomly divided into 5 
equal groups. Group I: Control: Animals in this 
group received normal saline as negative control. 

Group II: T1: Animals in this group were offered 
oxidative stress by thioacetamide at 100 mg/kg. 
Group III: T2: Animals in this group were given a 
single dose injection by thioacetamide at 100 mg/kg 
I.p. and treated orally with 100 mg/kg daily of clove 
extract. Group IV: T3: Received thioacetamide at 100 
mg/kg I.p. and treated orally with 100 mg/kg daily 
of clove nanoparticles. Group VI: T4: Rats received 
thioacetamide at 100 mg/kg I.p. and treated orally with 
selenium nanoparticles at the concentration of 0.5 mg/
kg [15]. The experiment was carried out for 8  weeks.

Statistical analysis

The statistical analysis was carried by using 
complete randomized design (CRD) method according 
to AL-Rawi and Kalaf-Allah [33].  The mean 
differences between the averages of the studied traits 
were determined at the probability level of 0.01 using 
the Duncan test [38].

Elaboration of karyotype of bone marrow cells

The chromosomes were prepared via direct method 
(Sharma et al. [16]) with some modifications.

Micronucleus formation assay

To perform the appreciation of micronucleus 
formation, the procedure of [17] was apply.

Results and Discussion
C h e m i c a l  c o m p o s i t i o n  o f  S y z y g i u m 
aromaticum extract

Table 1 shows that 13 essential compounds were 
detected in CEO by GC/MS. The main compounds 
were eugenol and β-caryophyllene that are in concord 
with previous study published in literature [34, 35]. 

Table 1 Chemical components of extracted clove determined by 
GC/MS

Component Retention time
Humulene 1
Gallic acid 3

Stigmasterol 18
Cosuarinine 37
Querecetin 53

Caryophyllene alcohol 1593
Caryophyllene 1583
Eugenyl acetate 1522

Trans-isoeugenol 1449
Caryophyllene β 1415

Eugenol 1359
Methyl salicylate 1190
Limonene oxide 1029



130 Nano Biomed. Eng., 2021, Vol. 13, Iss. 2

http://www.nanobe.org

The high level of antioxidant activity in clove may 
arise from its hydrogen donating capacity inhibited 
by a broad range of ingredients like eugenol, eugenyl 
acetate, phenylpropanoids, dehydrodieugenol, trans-
coniferyl aldehyde, β-caryophyllene, 2-heptanone 
biflorin, kaempferol, rhamnocitrin, myricetin, ellagic 
acid and oleanolic acid [34, 36]. Moreover, clove 
contains quercetin, kaempferol stigmasterol and gallic 
acid has antiulcer, antinocieptive, anti-proliferative, 
and anti-inflammatory properties [37].

Characterization of clove-selenium nano-
particles

The results regarding particle size and polydispersity 
index (PDI) of clove-loaded selenium NPs coated 
with TPGS are presented in Figs. 1-3; they were found 
to have a mean diameter of 206.5 nm and 199.9 ± 
14.7 nm, respectively as well as rounded shape of 
nanoparticles was seen in Fig. 2 and 3 and Table 1. The 
size of the NPs was increased by an increment of the 
clove/selenium ratio, which was in accordance with the 
results of [18, 19].  PDI was employed to determine 
the distribution of the particle size in suspensions. The 
results showed a lower PDI at 0.005, which indicates a 
more homogenous particle size distribution and a stable 
particle population of uniform distribution (Hasani 
et al., 2015). It is a fact that natural products are a 

healthier match than synthetic drugs. Hence, a more 
global collection of extract from plants can supply 
many novel chemicals in drug detection screening for 
health problems.

Micronuclei deformity 

In the present study rats administrated with 
thioacetamide showed significant (p < 0.05) increase 
in aberrant metaphases, when compared to the control 
group and others treated groups (Fig. 4-7). The toxic 
effect of TAA due to metabolizing by liver CYP 450 
2E1 enzymes to active metabolites include sulfone, 
sulfoxide, acetamide, sulphate that were responsible 
for genotoxic, oxidative stress and hepatotoxic [20]. 
Moreover, thioacetamide-5-oxide is accountable 

Fig. 2  Histogram of clove NPs effective diameters = 206.5 nm.

Fig. 3  Histogram of clove NPs with mean of particle size was 199.9 ± 14.7 nm and SEM illustrating the morphology.

Fig. 1  UV-visible spectrum of clove NPs; lambda was 946.90 
nm and absorbance value was 2.246 9.
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for the alteration in cell permeability, inhibits 
mitochondrial activity and raises the intracellular 
concentration of calcium which leads to cell death 
[21] (Fig. 8 and 9). TAC is oxidative stress on the 
antioxidant system, liver tissue and nucleic acids, as 
well as their mutagenic activity, which was improved 
and readjusted via administration of alcoholic extracts 
of clove and their selenium-clove nanoparticles. On 
the other hand, no data was recorded in literature 
about these synthesis clove nanoparticles and their 
effect to reduce mutagenic activity of TAC in albino 
rats. The present findings of percent micronuclei was 
significantly reduced (p ≥ 0.05)  in rats having received 
nanoparticles to recorded mean value of 2.81 ± 0.84 

Fig. 4  (a) and (b) Micronuclei deformity from bone marrow cell rats received thioacetamide; (c) Bone marrow cell rats received 
thioacetamide and treated with extract clove extract.

Fig. 5  (a) Micronuclei from bone marrow cell rats negative control group; (e) and (f) Bone marrow cell rats received thioacetamide 
and treated selenium nanoparticles and clove-nanoparticles respectively.

(a) (b) (c)

(a) (b) (c)

Fig. 6  Effect of clove nanoparticles in micronuclei of bone 
marrow cell in rats having received thioacetamide. T1, T2, 
T3, T4 and T5 illustrated the normal control, thioacetamide 
and clove extract treated, clove-nanoparticles and selenium 
nanoparticles treated groups respectively.
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Fig. 7  Effect of clove nanoparticles in chromosomal aberration 
of bone marrow cell in rats having received thioacetamide. T1, 
T2, T3, T4 and T5 illustrated the normal control, thioacetamide 
and clove extract treated, clove-nanoparticles and selenium 
nanoparticles treated groups respectively.
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Fig. 8  Metaphase chromosomes of bone marrow cells showing 
fragment chromosome and dicentric chromosome × 100.
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as compared to 3.60 ± 1.14 with the extract of clove 
only; thus, the results of chromosomal aberrations 
were deceased in percentage and their types in clove-
selenium nanoparticles among other treated groups 
(Table 2). Encapsulation process or attachment of clove 
extract improves components with selenium, but also 
it enhances the antioxidant activity of these bioactive 
compared to their free clove as a result of protection 
against the adverse effects of oxidative stress (Table 
3). Hosseini et al. [19] confirmed that clove oil loaded 
with chitosan has antioxidant activity higher than non-
encapsulated CEO.

Effect of clove nanoparticles on antioxidant 
and cytokines 

Current study displayed that clove-selenium 
nanoparticles has a significant (p ≤ 0.05) raise in 
serum glutathione rats that uncover to thioacetamide 
oxidative stress when compared with reference clove 
extract (Fig. 12). Clove is a rich source of bioactive 
compounds especially phenolic compound that has 
antioxidant activity to remove [22]. In addition, 

clove oil had an effective DPPH scavenging it has 
antioxidant activities similar to a-tocopherol and 
trolox as related antioxidant compounds so that 
potent inhibitor for lipid peroxidation of linoleic 
[23]. In oxidative stress, GSH acts to neutralize the 
effect of generated peroxides. Our data suggest the 
clove nanoparticles and their extract might exert 
its activity via ameliorating oxidative stress and 
inflammation. Clove extract contain A large number 
of active compound, have been responsible from 
many pharmacological activity, such compound the 
phenylpropanoids, alkaloids, amino acids, flavonoids, 
β-carotene, β-caryophyllene, β-pinene, β-sitosterol-
glucoside, proteins, sterols, reducing sugars, tannins, 
phenols,  ascorbic-acid, benzyl-acetate carvone, 
furfural, stigmasterol, aluminum, zinc, boron, calcium, 
manganese kaempferol, mucilage, naphthalene, and 
oleanolic acid [24]. Glutathione peroxidase (GPx) is 
a selenoprotein with biological properties that permit 
the detoxification of ROS. GPx has an essential role 
to prevent oxidative damage of cellular constituents 
via controls the status of a redox system. Moreover. 
GPx is the first line of defense against free radicals. 
Its deficiency leads to dyslipidemia, insulin resistance, 
inflammation, and metabolic alterations, which leads 
to the progress of cardiovascular and degenerative 
diseases as well as promotes the oxidation of proteins 
and deoxyribonucleic acid (DNA) that encourage to 
carcinogenesis and mutagenesis [25].

Significant increase in the serum TNF-α and 
IL6 when TAC was administrated, compared to the 
negative control group and the group treated with 
clove nanoparticle extract and selenium nanoparticles 
(Fig. 10 and 11). This finding is in agreement with 
those of Chen et al. [25] who confirmed that a single 
dose of TAC could cause a significant raise of TNF-α 
and IL6 serums in rats, reporting that the mice treated 
with clove extract showed inhibition of macrophages 
to produce both IL-1B and IL-6. The essential oil 
of clove at different concentrations could inhibit 

Table 3  Effect of clove nanoparticles in cytogenic parameters chromosomal aberration (%) in  male rat bone marrow
Chromosome C T1 T2 T3 T4

Ch. breakage (%) 0.33 ± 0.04 B 1.54 ± 0.10 A 0.95 ± 0.05 A 0.70 ± 0.16 B 0.65 ± 0.19 B

Ch. fragment (%) 055 ± 0.02 C 1.52 ± 0.08 A 0.94 ± 0.098 B 0.60 ± 0.19 C 0.94 ± 0.03 B

Ch. ring (%) 0.00 ± 0 C 1.40 ± 0.01 A 0.88 ± 0.09 B 0.70 ± 0.018 B 0.87 ± 0.011 B

Ch. long (%) 0.0 0 ± 0.00 C 0.94 ± 0.13 A 0.52 ± 0.14 B 0 ± 0.00 B C 0.64 ± 0.20 B

Hypo ploidy (%) 0.00 C 1.22 ± 0.13 A 0.96 ± 0.17 B 0 ± 0.00 C 0.80 ± 0.15 B

Note: Different capital letters indicate significance (P ≤ 0.05) among groups. T1, T2, T3, T4 and T5 illustrate normal control, thioacetamide and clove 
extract treated, clove-nanoparticles and selenium nanoparticles treated groups respectively.

Fig. 9  Metaphase chromosomes of bone marrow cells showing 
chromosome breakage and long chromosome.

Table 2 Particle size, zeta potential, polydispersity index (PDI), 
and retention value of CEO-loaded chitosan nanoparticles
Organic phase Aqueous phase Particle size (nm) Polydispertion index

Acetone TPGS 206.5 0.005
DMSO PVA 295.6 0.315
Hexane Tween 80 390 0.266
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the production of these cytokines in vitro. Eugenol, 
a major component of the clove extract, maybe a 
causative agent of cytokine inhibition. Many studies 
reported that clove’s active compound, eugenol and 
isoeugenol, have antigenotoxic, antioxidant, anti-
inflammatory and anticarcinogenic activities. In 
addition, they have been shown to modulate several 
immune responses, including an anti-inflammatory 
effect, but the mechanism underlying their effects has 
not been fully explained [25, 28]. 

Histopathological study 

Histologically (Fig. 13-20), TAA administration 
leads to evident alteration in the l iver t issue 

architecture and produces inflammation and necrosis 
a significant promotion in serum levels of AST, ALT, 
ALP, bilirubin, total cholesterol, triglyceride and LDL 
with a reduction in the levels of total proteins, albumin 
and HDL [25]. In our study, TAA administration 
produced focal aggregation of inflammatory cells with 
vacuolation in the liver parenchyma and hepatocyte 
necrosis. Our histological results showed that rat livers 
administered with thioacetamide and treated with 
clove extract showed dilatation of sinusoid, with focal 
MNCS cell aggregation and slight vacuolation in the 
liver parenchyma. Gashlan and Al-Beladi [29] reported 
that diabetic rats treated with clove oil revealed an 

Fig. 10  The serum level of TNFa ng/dL showed a significant 
reduction in clove nanoparticles (p ≤ 0.05) especially in rats 
having received clove extract and clove-nanoparticles.

Fig. 11  The serum level of IL6 ng/dL showed a significant 
reduction in clove nanoparticles (p ≤ 0.05) especially in rats 
having received clove extract and clove-nanoparticles.
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Fig. 12  The serum level of GPX iu/mL showed a significant 
elevation in clove nanoparticles (p ≥ 0.05) especially in rats 
having received clove extract and clove-nanoparticles and 
selenium nanoparticles.
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Fig. 13  Histopathological section in the liver of group T2 
administrated with thioactamide and treated with clove extract 
showed dilatation of sinusoid, with focal MNCS cell aggregation 
slight vacuolation in the liver parenchyma.

Fig. 14  Histopathological section in the kidney of group T2 
administrated with thioacetamide and  treated with clove extract 
showed dilated tubules with slight shrinkage of glomerular tuft.

Fig. 15  Histopathological section in the thioacetamide 
without treatment for 8 weeks showed degenerated and shrunk 
glomerular tuft (H&E).
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elevation in antioxidant enzyme activities compared to 
the untreated diabetic animal, and they further noted 
that clove oil treatment tends to help the cells become 
normal. Eugenol active constitutes of clove return 
the liver function to near-normal by repressing lipid 
peroxidation and the release of cytokines recorded via 
reducing IL6 and raising SOD and GPx that minimise 
generation of ROS and reduction in inflammatory cell 
infiltration [33]. One possible mechanism is that clove 
nanoparticles act synergistically with selenium to 
support the immune system and raise the antioxidant 
enzyme that controls complications from toxic 
compounds.

Histopathological section of kidney of rats 
administrated by thioacetamide alone showed 
degenerated and shrinkage glomerular tuft. On 
the other hand animal that received treatment by 
selenium nanoparticles, clove extract and clove 
nanoparticles loaded with selenium showed clear 
improvement of renal tissue by reduce its damage. The 
present study showed that kidney rats administrated 
by  thioacetamide and treated for eight weeks with 
Clove nanoparticles  show slight atrophic tubules 
with  infiltration and dilation of the lumen of renal 
tubules. Moreover that clear improvement may be 
due to synergistic action of both clove constitute and 
selenium that lead to enhancement antioxidant activity 
and increase of glomerular filtration to remove toxic 
compound related with thioacetamide. The recent study 
was harmony with Nasri et al. [30] that illustrated 
clove buds (S. aromaticum) can beneficially ameliorate 
kidney damage induced by iodixanol. Abozid and co-
worker indicate that clove extract has hepatoprotective 
and reno protective effects versus oxidative stress 
result from hydrogen peroxide. The new study reported 
that essential oil clove significantly diminish the 
biochemical and histological changes of kidney tissue 

Fig. 16  Histopathological section in the liver of group T1 
administratd with thioacetamide and without treatment for 
8 weeks showed focal aggregation of inflamatory cells with 
vacuolation in the liver parenchyma and necrosis of hepatocyte.

Fig. 17  Histopathological section in the liver of group T4 
administratd with thioacetamide and treated for 8 weeks with 
clove nanopartices showed slight vacuolation in the liver 
parenchyma.

Fig. 18  Histopathological section in the kidney of group 
T4 administratd with thioacetamide and  treated for 8 weeks 
with clove nanopartices showed slight atrophic tubules with 
infiltration and dilation of the lumen of renal tubules.

Fig. 19  Histopathological section in the liver of group 
T5 administrated with thioaetamide and treated selenium 
nanoparticles showed slight vacuolation in the liver parenchyma 
with dilatation of sinusoid and activation of kupffer cells.

Fig. 20  Histopathological section in the kidney of group 
T5 administrated with thioaetamide and treated selenium 
nanoparticles showed hyaline cast with sloughed brush border.
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induced by lead-intoxication in rats [31]. To find the 
effectiveness of clove extract against methotrexate 
induced hepatotoxicity and nephrotoxicity in rats, it 
was concluded that rats administrated by methotrexate 
showed clear degeneration, inflammatory cell 
infiltration, necrosis, and hemorrhage in renal tissues 
while these changes significantly reduced after rats 
received clove extraction [32].

Conclusions

Clove extract has low solubility in water; hence, 
encapsulation techniques were applied to increase 
their dispensability in aqueous media and stability 
by using TPGS stabilizer as well as encapsulation, 
which brought about a good compatibility between the 
clove and selenium. The clove loaded selenium NPs 
illustrated strong antioxidant and scavenging activities 
resulted in cytogenic reduction in adult male rats.
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