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ABSTRACT

Introduction: Silver nanoparticles (AgNPs) have widespread commercial application in many products such as home and 
food products. They lead to various harmful effects.

Aim of the Work: The current work aimed to detect the impact of Silver nanoparticles on parotid gland of adult male albino 
rats and the possible protective role of Royal Jelly. Royal jelly is the hypopharyngeal and mandibular glands’ secretion 
of worker honeybees to feed the young larvae and queen bee. It has been reported to be antioxidant, antihyperglycemic, 
immunomodulatory and anti-inflammatory agent.

Materials and Methods: Thirty rats were equally divided into 3 groups: Control group, treated group which received silver 
nano particles (AgNPs) by I.P. injection at a dose of 2 mg/kg once daily for 28 days and protective group which received 
AgNps as the previous dose then received royal jelly orally in gavage in a dose of (1 gm/kg body weight) 3 times a week for 28 
days. Tissue malondialdehyde (MDA), tissue superoxide dismutase (SOD) and tissue Amylase were calculated. Specimens of 
parotid gland were examined by light and electron microscopes. The treated group showed vacuolation of acinar and duct cells, 
darkly stained nuclei, dilated excretory ducts, congested blood vessels and infiltrating inflammatory cells. Ultrastructurally, 
there were ill defined organelles, dilated RER, autophagic vacuoles and dark heterochromatic nuclei. Immunohistochemically, 
there was increased cytoplasmic immunostaining of Bax and increased nuclear and cytoplasmic immunostaining of Ki67 in 
many acini.

Results: These results were estimated morphometrically and statistically. Royal jelly intake showed improving the parotid gland 
structure and function. Biochemical and histological parameters showed great improvement. Royal Jelly has an ameliorative 
effect against Silver nanoparticles-induced parotid gland toxicity.

Conclusion: Royal jelly has a potent antioxidant activity against silver nanoparticles in parotid gland of adult male albino rats.
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INTRODUCTION                                                                      

Salivary glands produce protein-rich secretion known 
as saliva. Saliva helps with speech and food solubility 
and safeguards the oral mucosa and teeth. Additionally, 
it generates antimicrobial substances affecting oral 
bacteria[1]. Moreover, saliva shares in immune defense due 
to its antioxidative properties[2]. 

Parotid gland (PG), the largest major salivary gland, 
may be affected structurally and functionally by various 
factors leading to toxicity[3]. PG dysfunction leads to 
xerostomia which is a condition affecting oral tissues 
causing infection of mucous membranes, altered taste, and 
talking and chewing difficulties[4].

Nanotechnology is the science designed at nanoscale 
(1–100 nm). This science is recently used in numerous fields 
such as material additives, agriculture and nanomedicine[5].

Silver nanoparticles (AgNPs) are studied due to their 
widespread application in a variety of products, including 
food and home products[6]. They have strong chemical 
stability and comparatively low price. Additionally, they 
have potent antimicrobial properties, making them valuable 
materials for the drinking water filtration industry. AgNPs 
also have a variety of uses in medicine, drug delivery, 
dental biomaterials and catheter coating[7]. 

Nanotoxicology is known as the study of nanoparticles’ 
harmful effects[8]. AgNPs can be consumed directly through 
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food, water, medications and drug delivery devices. Silver 
ions are discharged into the blood after ingesting products 
then accumulate in body organs leading to harmful effects. 
Compared to other metal nanoparticles such aluminium, 
iron, nickel, and manganese, they are more harmful[9].

The use of bee products for therapeutic purposes is 
known as apitherapy. Honey, propolis, and RJ are currently 
recognised as healthy foods on a global scale[10]. 

Royal jelly (RJ) is the hypopharyngeal and mandibular 
glands’ secretion of worker honeybees to feed the 
young larvae and queen bee. It has been reported to be 
antioxidant, antihyperglycemic, immunomodulatory 
and anti-inflammatory agent. RJ is composed of several 
biologically active compounds as proteins, minerals 
(calcium and iron), fatty acids, free amino acids, sugars 
and vitamins (riboflavin, niacin and thiamine)[11].

In addition, it has been demonstrated to have 
antibacterial and tumoricidal properties, and is frequently 
found in commercial medications, cosmetics and health 
foods[12].

The current study aims to detect any protective impacts 
of royal jelly on parotid gland toxicity brought on by silver 
nanoparticles in adult male albino rats.

MATERIALS AND METHODS                                                

Chemicals
Silver nanoparticles
Powder of silver nanoparticles (CAS-No. 7440-22-4) 

in polyvinylpyrrolidone [PVP] as dispersant with particle 
size less than 100 nm was acquired from Sigma-Aldrich 
Chemicals, Cairo, Egypt.

Royal Jelly (RJ) was acquired from Pharco 
Pharmaceutical, Alexandria, Egypt. It was dissolved 
in distilled water and stored at 30 °C as a maximum 
temperature.

Animals 
In this study, we utilised thirty healthy adult male Wistar 

albino rats (3-5 months) (250 and 300 gm weight). They 
were purchased from the Animal House of the Zagazig 
University in Zagazig, Egypt's Medicine Faculty. They 
were kept in carefully regulated lab environments with a 
12-hour cycle of darkness and light, at 20 C temperature, a 
typical balanced food, and unlimited access to water. The 
Zagazig University's animal ethics committee approved the 
use of laboratory animals in accordance with the National 
Institutes of Health's guidelines.
Nanoparticle characterization

The aqueous dispersion of the nanoparticles was drop-
cast onto a copper grid that had been coated with carbon in 
order to analyse the size and shape of the particles[13,14]. At 
the faculty of agriculture at Mansoura University in Egypt, 
the grid was air dried at room temperature before being 
observed by a transmission electron microscope (JEOL 
JEM 1010; Jeol Ltd, Tokyo, Japan) (Figure 1).

Fig. 1: Transmission electron microscopy showing Silver nanoparticles 
(AgNps) less than 100 nm size. They were spherical, dispersed and not 
agglomerated.

Experimental Groups 

The animals were equally distributed among three 
groups (10 rats each):

Group I (Control group): They were equally subdivided 
into 2 subgroups (5 rats each):

• Subgroup Ia: received no treatment for 28 days.

• Subgroup Ib: received saline solution by 
intraperitoneal (I.P.)  injection for 28 days.

Group II (AgNPs group): Rats received silver nano 
particles (AgNPs) by I.P. injection at a dose of 2 mg/kg 
once daily for 28 days[15]. 

Group III (AgNps- RJ group): Rats received AgNps as 
the previous dose then received royal jelly orally in gavage 
in a dose of (1 gm/kg body weight) 3 times a week for 28 
days[16].

At the end of the experiment, the animals were given I.P. 
injection of 50 mg/kg sodium phenobarbital[17] to induce 
anaesthesia then sacrificed by decapitation. After that, 
each rat had its right and left parotids carefully removed. 
Samples from each group were inspected by electron and 
light microscopy.

Biochemical study

Parotid homogenates of the two parotids of five rats 
from each group were wrapped in aluminium foil and 
frozen at 80ºC and then prepared. Amylase[18], Superoxide 
dismutase (SOD) and Malondialdehyde (MDA)[19] were 
evaluated in the Biochemistry department of the faculty of 
medicine at Zagazig University.
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Histological study
Light microscope technique

Rat parotid tissue samples were fixed in formalin, dried 
in varying degrees of ethanol, cleaned in xylene, and then 
embedded in blocks of paraffin. Sections between four and 
six micrometres thick were cut by microtome and dyed 
using: 

i. Hematoxylin and Eosin (H&E) and Mallory’s 
trichrome stain[20].

ii. Immunohistochemical staining[21] for:

• Bax: apoptosis marker.

• Ki67: proliferation marker.

For antigen retrieval, sections for immunohistochemical 
labelling were boiled for 10 minutes at pH 6 in 10 mM 
citrate buffer. Sections were incubated for 1 hour at room 
temperature with 6 ml of Bax (p-19) SC-S26, rabbit 
polyclonal IgG, and a solution of anti-Ki-67 mouse 
monoclonal Ab diluted 1:100. The sections were then 
treated for 30 minutes with diluted biotinylated goat anti-
rabbit 2ry Ab before being rinsed 3 times in PBS for 5 
minutes. After washing the slice in PBS and dipping it in 
chromogen diaminobenzidine, the reaction products could 
be seen. After mounting, drying, and counterstaining with 
Mayer's hematoxylin, the sections were completed. 

Finally, stained slides were inspected by LEICA 
DM500 light microscope at Histology Department of 
Medicine Faculty at Zagazig University.

Electron microscopic technique

The samples were first fixed in 2.5% glutaraldehyde 
buffered with 0.1 M phosphate buffer at pH 7.4, followed 
by a post-fixation in 1% osmium tetroxide, and then 
analysed by electron microscope. Epoxy resin was utilised 
to embed after dehydration. The double-stained ultrathin 
sections were done so with uranyl acetate and lead 
citrate[22]. The stained sections were inspected by JEOL 
JEM 2100 electron microscope at the Electron Microscope 
unit at Agriculture’s faculty, Mansoura University, Egypt.

Morphometric study
At Anatomy Department, Medicine Faculty, Zagazig 

University, Egypt, 10 non-overlapping fields from various 
sections of each group were used to evaluate Ki-67 
positive nuclei, area percent of collagen fibers and Bax 
immunostaining by Leica Qwin-500 LTD-software image 
analysis system (Cambridge, England).

Statistical analysis
"IBM SPSS statistics 21" was used to statistically 

analyse the histological and biological measurements, and 
results were then approximated as mean Standard Deviation 
(SD). To find statistically significant difference between 
several groups, a one-way analysis of variance (ANOVA) 
was utilised (a p value was judged significant)[23].

RESULTS                                                                                   

Histological Results
A. The information acquired from control group's 

subgroups (Ia and Ib) about outcomes of light and 
electron microscopy was remarkably similar.

B. Light microscopic results: Parotid gland sections 
of Control group stained with H&E revealed 
closely packed serous acini with vesicular nuclei 
and striated duct. Narrow septa separated adjacent 
lobules (Figure 2a). Regarding Silver-nanoparticles 
group, some sections showed vacuolations of the 
acinar cells. Some cells had vacuolated cytoplasm 
with crescent shaped nucleus. Inflammatory 
cellular infiltration could be seen in between the 
acini (Figure 2b). Another section showed marked 
vacuolations of cells lining the acini with dark 
nuclei. Thickened connective tissue septa appeared 
around dilated execratory ducts and congested 
blood vessels. A duct with vacuolated epithelium 
was present (Figure 2c). Additionally, excessive 
fibrosis in between the lobules and around dilated 
congested blood vessel with inflammatory cellular 
infiltrations appeared (Figure 2d).  Concerning 
AgNps- RJ group, it showed apparently normal 
acini and ducts except for residual vacuolation 
and few dark stained nuclei (Figure 2e). In another 
section of the same group, dilated excretory ducts 
with vacuolated epithelium and residual congestion 
was still present (Figure 2f). 

Regarding the sections stained with Mallory trichrome 
stain, the parotid gland of control group exhibited a lack 
of collagen fibres between the lobules and acini (Figure 
3a). Silver-nanoparticles group showed abundant collagen 
fibers deposited in connective tissue septa around the 
ducts and blood vessels also (Figure 3b). AgNps- RJ group 
showed deposition of collagen fibers in moderate amount 
within as well as in-between the lobules (Figure 3c).

Immunohistochemical staining

Bax-stained parotid gland sections in control group 
revealed a weak positive immune reaction in the cytoplasm 
of few acinar cells (Figure 4a). Many of the acini in the 
Silver-nanoparticles group showed a strong positive 
cytoplasmic reaction. (Figures 4b, 4c). AgNps-RJ group 
exhibited a moderate positive cytoplasmic reaction among 
some acini (Figure 4d).

Ki67-stained sections of parotid gland in control group 
showed few positive nuclear reactions among few acinar 
cells (Figure 5a). Silver-nanoparticles group showed 
increased expression of Ki67 appeared as numerous 
positive nuclei and moderate cytoplasmic reaction in many 
acini (Figure 5b). AgNps-RJ group showed some positive 
nuclei and weak positive cytoplasmic reaction among 
some acini (Figure 5c).
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Electron microscopic results: The acinar cells' nuclei 
were found to be ovoid euchromatic with a thin rim of 
heterochromatin in the control group's parotid's ultrathin 
sections. There were lots of homogenous, electron-dense 
secretory granules and mitochondria. RER condensed 
parallel cisternae were also identified. Additionally, apical 
microvilli were noted. (Figures 6a, b).

Silver nanoparticles group showed features of cellular 
degeneration. Some cells with abnormal nuclei and 
periphery condensed heterochromatin were visible. Their 
cytoplasm showed few secretory granules, markedly 
dilated cisternae of RER and autophagic vacuoles (Figure 
6c). However, some acinar cells showed normal nuclei 
surrounded by cytoplasm with ill-defined organelles, 
whereas others had dark heterochromatic nuclei. The 
cytoplasm also contained some homogenous moderate 
electron-dense secretory granules as well as some vacuoles 
that encroached on the nucleus or merged and concentrated 
on a variety of shapes and sizes. (Figure 6d).

On the other hand, AgNps-RJ group showed that acinar 
cells expressed relatively normal structure, it retained its 
normal shape with large irregular euchromatic nuclei. 
Many small electron-dense granules, rough endoplasmic 
reticulum, mitochondria and a small number of 
cytoplasmic vacuoles were also present in their cytoplasm                                 
(Figures 6e,f).

Biochemical results
Estimation of the level of tissue amylase enzyme                     

(u/mg)

The mean values of tissue Amylase were 46.35 ± 24.176 
in control group, 8.12 ± 5.489 in silver nanoparticle group, 
34.61 ± 25.4 in royal jelly group. In contrast to control 
group, the silver nanoparticle group's data demonstrated 
a significant statistical decline (P<0.001). The royal jelly 
group showed high significant increase compared to the 
silver nanoparticle group. There was not a significant 
variance between the royal jelly and control groups.                 
(Table 1, Figure 7).

Tissue MDA and SOD among studied groups

The mean values of tissue MDA were 3.963 ± 1.529 
in control group, 20.48± .09 in silver-nanoparticles group, 
7.88 ± 4.219 in royal-jelly group. The mean values of 
tissue SOD were 23.54± 3.7 in control group, 9.18± 2.5 in 
silver-nanoparticle group, 19.36± 3.63 in royal-jelly group. 
Between the silver nanoparticle group and the other groups, 
there was a highly significant difference (P<0.001). There 
was not a significant distinction between the royal-jelly 
group and control group. (Table 1, Figure 7).

Morphometrical and Statistical Results

The mean values of area percentage of collagen fibers 
and BAX immune response, and Ki67 immunopositive 
cells revealed a significant statistical difference between 
all groups in research, a significant statistical increase in 
the silver nanoparticles group compared to the control 
group, and a significant statistical decrease in the royal-
jelly group compared to the silver nanoparticles group 
(Table 2, Figure 8).
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Fig. 2: Photomicrographs of parotid gland sections of: a) Control group showing closely packed serous acini (A) with vesicular nuclei (arrows) and striated 
duct (D). Narrow septa separate adjacent lobules (arrowhead). (b, c &d) Silver-nanoparticles group showing: b. Section showing vacuolations of the acinar cells 
(V). Some cells have vacuolated cytoplasm with crescent shaped nucleus (curved arrows). Inflammatory cellular infiltration (red arrow) can be seen in between 
the acini. c. Another section shows marked vacuolations of the acinar cells (arrows and darkly stained nuclei (curved arrows). Thickened connective tissue 
septa appeared around dilated execratory ducts (ED) and congested blood vessels (H). A duct with vacuolated epithelium is seen (double arrows). d. Another 
section reveals excessive fibrosis (ct) in between the lobules around dilated congested blood vessel (H) with inflammatory cellular infiltrations (I). e) AgNps-RJ 
group shows apparently normal acini (A) and ducts (D).  Residual vacuolation (notched arrow) and few dark stained nuclei (curved arrow) can be still noticed. 
f. Other section shows dilated execratory ducts (D) with vacuolated epithelium (arrowhead) and residual congestion (arrow). (H&E X 400, scale bar 30um)
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Fig. 3: Photomicrographs of parotid gland sections of: a) Control group reveals scanty collagen fibers (arrows) between lobules and acini. b) Silver-nanoparticles 
group shows abundant deposition of collagen fibers (arrows) in connective tissue septa around blood vessels and ducts. c) AgNps-RJ group shows deposition 
of moderate amount of collagen fibers (arrows) between and within lobules. (Mallory’s trichrome X 400, scale bar 30um)
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Fig. 4: Photomicrographs of parotid gland sections of: a) Control group showing weak positive cytoplasmic immune reaction (arrows) in few acinar cells. b) 
Silver-nanoparticles group reveals strong positive cytoplasmic reaction (arrows) in many acini. c) Other section shows also strong reaction in most of acini. d) 
AgNps-RJ group showing moderate positive cytoplasmic reaction (arrows) among some acini. (BAX x 400, scale bar 30um)
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Fig. 5: Photomicrographs of parotid gland sections of: a) Control group showing few positive nuclear reactions (arrows) among few acinar cells. b) Silver-
nanoparticles group reveals increased expression of Ki67 appears as numerous positive nuclei (arrows) and moderate cytoplasmic reaction (curved arrows) in 
many acini. c) AgNps-RJ group showing some positive nuclei (arrows) and weak positive cytoplasmic reaction (curved arrows) among some acini. (Ki67 X 
400, scale bar 30um)
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Fig. 6: Electron micrographs of parotid gland ultrathin sections of: (a& b) Control group showing serous acinar cell having oval euchromatic nucleus (N) 
with a peripheral thin rim of heterochromatin (h). Numerous mitochondria (m), small electron-dense secretory granules (G), and parallel cisternae of rough 
endoplasmic reticulum (RER) are seen in cytoplasm. Few apical microvilli (arrow) are noticed (TEM Figure a ×11000, Figure b ×11000). Silver nanoparticles 
treated group revealing signs of degeneration: (c) Acinar cell having irregular nucleus (N) with condensed peripheral chromatin. Few secretory granules (G), 
markedly dilated cisternae of rough endoplasmic reticulum (RER) and autophagic vacuoles (arrow) are seen. (d) Acinar cells containing a normal nucleus 
(N1) surrounded by cytoplasm with ill-defined organelles (arrow). Whereas the other demonstrates dark heterochromatic nucleus (N2). Cytoplasm contains 
homogenous moderate electron-dense cytoplasmic granules (mg). Multiple vacuolations (V1) encroaching on the nucleus of the acinar cell (N1) or merge 
forming a variety of shapes and sizes (V2) are also observed (TEM Figure c ×11000, Figure d ×7800). (e& f) AgNps-RJ group showing nearly normal 
serous acini with large irregular euchromatic nucleus (N). Numerous small-sized electron-dense secretory granules (G), mitochondria (m), rough endoplasmic 
reticulum (RER), and few cytoplasmic vacuoles (v) are seen in cytoplasm (TEM Figure e ×5200, Figure f ×11000).
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DISCUSSION                                                                           

The parotid gland was selected as the study's model 
because it is the largest salivary gland, secreting more than 
half of all secreted saliva, and is less influenced by drug 
use[24].

Silver nanoparticles were the nanoparticles of choice 
due to their toxic effect on various tissues and their ability 
to cause pathological diseases like cancer[25].

IP injection was the chosen method of administration 
for AgNPs in the current study because it is the most 
accurate method of exposure[26]. Additionally, it guarantees 
that rats receive the correct dose.

Under normal cellular conditions, reactive oxygen 
species (ROS) are produced and major scavenger enzymes 
such as superoxide dismutase (SOD) rapidly detoxify 
them[27]. 

One of the most frequent mechanisms of nanoparticle 
toxicity on organs is the induction of oxidative stress[28].  
Oxidative stress (OS) leads to reduction of intracellular 

antioxidants and overproduction of free radicals. This is 
known as oxidant/antioxidant imbalance which results in 
lipid peroxidation and antioxidant depletion[29].

This mechanism explains the biochemical results 
which revealed significantly increased MDA value 
which is biomarker of oxidative stress[30], and decrease in 
value of SOD which is a protecting enzyme against lipid 
peroxidation[31]. 

In the salivary glands, Amylase is a protein that aids in 
the beginning of starch digestion. Amylase has been shown 
to be a biomarker for salivary gland function[32]. AgNps 
alter the salivary secretion by altering protein synthesis[33]. 
This mechanism confirms the decrease in amylase activity 
in the AgNps treated group.

Regarding AgNps-treated group's parotid gland sections 
microscopic examination, there are marked changes such 
as inflammatory cellular infiltration between the acini, 
marked vacuolations of acinar and duct cells, dark nuclei, 
dilated excretory ducts and congested blood vessels. 

Fig. 7: Comparison between levels of tissue amylase enzyme, MDA & 
SOD in different groups.

Fig. 8: Comparison between mean area percentage of collagen fibers, 
BAX immune reaction and mean number of Ki67 positive cells in 
different studied groups.

Table 1: Comparison between groups regarding the mean values (± SD) of tissue amylase, MDA and SOD using ONE WAY ANOVA

Control group Silver-nanoparticle group Royal-jelly group F-value P-value

Tissue amylase enzyme (u/mg) 46.35 ± 24.176 8.12 ± 5.489* 34.61 ± 25.4 # 9.1324 0.00001 < ***

Tissue MDA (nmol/g) 3.963 ± 1.529 20.468 ± 6.09 * 7.88 ± 4.219 # 38.98 0.00001< ***

Tissue SOD (U/mg) 23.54 ± 3.7 9.18 ± 2.5 * 19.36 ± 3.63 # 48.578 0.00001 < ***

***   high significant difference
* High statistical difference compared with control group
  # High statistical difference compared with silver nanoparticles group

Table 2: Comparison between groups regarding the mean area % of collagen fibers, area % of BAX, and mean number of Ki67 immunostaining 
using ONE WAY ANOVA

Control Silver-nanoparticles Royal-jelly F-value P-value

Area % of collagen fibers 5.1 ± 3.178 35.8 ± 14.619* 13.5 ± 5.759 # 29.384 <0.00001***

Area % BAX positive reaction 0.947 ± 1.63 17.945 ± 5.56* 5.788 ±2.31# 57.89259 <0.00001***

Number of Ki67 positive cells 5.73 ± 1.994 16.706 ± 5.55* 8.438 ± 3.357# 21.25305 <0.0001***

***   high significant difference
* High statistical increase compared with control group
  # High statistical increase compared with silver nanoparticles group
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AgNPs induce apoptosis by the mitochondrial-
dependent pathway. AgNPs intake results in the production 
of ROS leading to cytotoxic and oxidative events ending in 
apoptosis[34]. This explains the presence of darkly stained 
nuclei of acinar cells. 

Vacuolations of cells of acini and ducts were noticed. 
Mahmoud et al. attributed them to the accumulated lipid 
droplets due to unused fatty acids resulting from dysfunction 
of cells. Lipid droplets combine then form vacuoles[35].  
Samah et al. ROS generation has been attributed for the 
vacuolations. Excessive ROS disrupt cell membranes and 
cause lipid peroxidation. Therefore, the cell's Na+ K+ ion 
pump may be impaired, causing an accumulation of Na+ 
and the entry of water into the cells, which causes swelling 
and vacuolations[36].

AgNPs induce pro-inflammatory cytokines, which 
produce excessive free radicals in cells resulting in DNA 
damage and cell death[37]. Thereby, inflammatory reactions 
like cellular infiltration could be explained.

Excessive ROS lead to vascular dysfunction[38]. The 
blood vessels congestion and dilatation occur to transfer 
large amount of blood to the affected tissues[39]. 

The excretory ducts showed dilated lumens due to 
glandular dysfunction. So, exocytosis is disturbed and 
thereby, the salivary secretion is accumulated[40].

Ultrastructurally, Silver nanoparticles treated group 
revealed marked degenerative changes such as markedly 
dilated rough endoplasmic reticulum, ill-defined 
organelles, dark heterochromatic nuclei, electron-dense 
cytoplasmic granules and autophagic vacuoles.

Nanoparticles are able to cross membranes of cells 
causing their damage. Overproduction of ROS lead to 
damage of cell membrane, cytoskeleton and organelles. 
This explains the presence of ill-defined organelles[41].

Some researchers claimed that RER dilatation was 
found as cellular changes prior to apoptosis[42]. Yasuno et al. 
stated that dilated RER might be attributed to malfunction 
in the secretory mechanism, then the secreted protein is 
concentrated inside RER cisternae leading to dilatation[43].

It is thought that the granules and autophagic vacuoles 
that contain electron-dense material are lysosomes 
containing AgNPs. The lysosomes' acidic environment 
allows the cell to engulf and degrade foreign materials as 
its main method of defense[44].

ROS, oxidative stress and transforming growth factor 
β (TGF-β) are all related. The substantial deposition of 
collagen fibers in the connective tissue septa, around ducts 
and blood vessels in the Mallory-stained section of parotid 
gland in the AgNps treated group is explained by TGF-beta, 
a potent profibrogenic cytokine that promotes fibrosis[45].

Bax immunostained sections revealed strong positive 
cytoplasmic reaction in many acini in the AgNps treated 
group. In tissue toxicity, Bax protein is activated by DNA 

fragmentation. Bax initiates a series of events that release 
cytochrome c from the mitochondria, aiding in caspase 
activation later on leading to programmed cell death[46]. 

Ki67 protein is an indicator of cell mitotic activity and 
proliferation[47]. Ki67 is found in nuclei of cells undergoing 
proliferation. It emerges only in cell cycle active phases and 
absent from cell rest phase G0[48]. Due to the fact that some 
immunohistochemistry kits contain (MIB-I), a particular 
antibody against the Ki67 protein that may identify it in 
the cytoplasm, other researchers were able to detect Ki67 
in the cell's cytoplasm[49]. Faratian et al. observed Ki67 
as nuclear and cytoplasmic immunoexpression in case of 
breast cancer[50]. 

Ki67’s other function is repairing damaged DNA. In our 
study, increased expression of Ki67 appears as numerous 
positive nuclei and moderate cytoplasmic expression in 
many acini indicates that the parotid gland is able to resist 
cell death and to proliferate[51].

The complicated relationship between cell proliferation 
and apoptosis is a sign that the parotid gland is still 
maintaining its normal structure and function[52].

Antioxidants have two main routes of action: The first 
one is the elimination of ROS initiators via inhibiting the 
enzymes involved in ROS production.  The second one is 
the chain breaking mechanism and it involves scavenging 
free radicals through extra electron donation to neutralize 
them[53]. Researchers explained the RJ antioxidant effect 
by chain breaking mechanism. Also, the two vitamins that 
make up the majority of composition of RJ are vitamins 
E and C, which function as potent antioxidants by chain 
breaking mechanism[54]. 

The protective group treated with silver nanoparticles 
and Royal jelly showed improvement histologically, 
ultrastructurally and immunohistochemically. This 
is consistent with the findings of Kanbur et al., who 
investigated the RJ's ameliorative impact on liver damage 
caused by paracetamol[55]. Improvement occured as RJ is 
a potent antioxidant and has great ability to scavenge free 
radicals[56].

Proline, cystine, and cysteine are only a few of the 
active amino acids that make up RJ. While cysteine 
and cystine contribute to the formation of glutathione, 
an antioxidant intracellularly that neutralises ROS and 
detoxifies carcinogens[57], proline protects proteins and 
membranes against stress[58]. According to several studies, 
RJ prevents production of pro-inflammatory cytokines like 
TnF, IL-1 and IL-6[59].

Biochemical results of the AgNps- RJ treated group 
show improvement as MDA decreased and SOD increased. 
This comes in accordance with Melliou and Chinou who 
found that RJ protects the liver by lowering levels of lipid 
peroxidation[60].

The stimulation of activity of Amylase in rats’ parotid 
glands treated with Royal jelly indicated improvement of 
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the salivary gland function. Increased Amylase activity 
indicated the parotid gland’s response to treatment with 
antioxidants[61]. 

Silver nanoparticles with their antibacterial 
characteristics open new pathways to treat and prevent 
diseases. However, studies on AgNPs toxicity raise our 
doubts about their potential risk[62]. Several studies confirm 
that RJ has anti-inflammatory, antiaging, antioxidant and 
antitumor effects. These activities are principally due to 
bioactive components it contains[63].

CONCLUSION                                                                             

The current study provides novel information about 
Royal Jelly’s potent antioxidant activity against the Silver-
nanoparticles induced toxicity in adult male albino rat’s 
parotid gland.
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الملخص العربى

دور غذاء ملكات النحل في التخفيف من السمية الناتجة عن جزيئات الفضة الدقيقة في 
الغدة النكفية لذكور الجرذان البيضاء البالغة )دراسة نسيجية وكيميائية مناعية(

غادة السماك، بسنت عبد الباقى، سمر رمزى
قسم علم الأنسجة الطبية وعلم الأحياء الخلوية، كلية الطب، جامعة الزقازيق، مصر

المقدمة: جزيئات الفضة الدقيقة لها تطبيقات تجارية واسعة النطاق في عدد من المنتجات ، مثل المواد الغذائية والمنتجات 
المنزلية تؤدي إلى تأثيرات ضارة مختلفة. غذاء ملكات النحل هو إفراز البلعوم والغدد السفلية لنحل العسل العامل لإطعام 
الدم ، عامل مناعي ومضاد  النحل. تم الإبلاغ عن أنه مضاد للأكسدة ، خافض لفرط سكر  اليرقات الصغيرة وملكة 

للالتهابات.
الهدف : هدفت الدراسة الحالية إلى الكشف عن تأثير جزيئات الفضة الدقيقة على الغدة النكفية لذكور الجرذان البيضاء 

البالغة والتأثير الوقائي المحتمل لغذاء ملكات النحل.
المواد والطرق المستخدمة: تم تقسيم ثلاثين جرذاً بالتساوي إلى 3 مجموعات: المجموعة الضابطة و المجموعة المعالجة 
التي تلقت جزيئات الفضة الدقيقة بواسطة الحقن بجرعة 2 مجم / كجم مرة واحدة يومياً لمدة 28 يومًا والمجموعة الواقية 
التي تلقت جزيئات الفضة الدقيقة كجرعة سابقة ثم تناولت غذاء ملكات النحل عن طريق الفم بجرعة (1 جم / كجم من 
وزن الجسم) 3 مرات في الأسبوع لمدة 28 يومًا . تم حساب MDA ،SOD و   Amylase فى الأنسجة وتم فحص 

عينات الغدة النكفية بواسطة المجاهر الضوئية والإلكترونية.
النتائج: أظهرت المجموعة المعالجة تفريغاً لخلايا الحوصلات والقناة ، ونواة ملطخة باللون الداكن ، وقنوات إفرازية 
متوسعة ، وأوعية دموية محتقنة وخلايا التهابية متسللة.  الفحص بواسطة المجهر الإلكتروني أظهر عضيات غير محددة 
، و  الشبكة الإندوبلازمية الخشنة متوسعة ، وفجوات تلقائية ونواة مغايرة اللون داكنة. من الناحية المناعية ، كان هناك 
زيادة في رد الفعل المناعي لـل Bax فى السيتوبلازم و للـ Ki67 فى النواة و السيتوبلازم. تم تقدير هذه النتائج شكلياً 

وإحصائياً
البيوكيميائية  المؤشرات  النكفية ووظيفتها. أظهرت  الغدة  بنية  النحل تحسن في  تناول غذاء ملكات  أظهر  .الاستنتاج: 

والنسيجية تحسنا كبيرا.غذاء ملكات النحل له تأثير محَسّن ضد سمية الغدة النكفية التي تسببها جزيئات الفضة الدقيقة.


