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ABSTRACT
Introduction: Applications of gold nanoparticles (GNPs) in modern life lead to the release of GNPs into the environment, 
thus representing a potential hazard to human health. 
Aim of the work: To evaluate the effect of GNPs on the renal cortex of adult female rats employing different histological 
and immunohistochemical techniques. 
Materials and Methods: Thirty adult female albino rats were divided into three equal groups; Group I (Control), in groups II 
and group III, GNPs were administered daily as 40µg/kg and 400µg/kg  for 14 days, respectively. Specimens were processed 
for light and electron microscopy, in addition to immunohistochemical staining for tumor necrosis factor-alpha (TNF-α).  
Results: GNPs-treated animals showed many hypercellular glomeruli. Most proximal convoluted tubules (PCTs) were 
severely distorted, their cells showed vacuolated cytoplasm and pyknotic nuclei. Many distal convoluted tubules (DCTs) 
showed exfoliated cells and some karyolytic nuclei. Some tubules were totally distorted. Dilated congested blood vessels 
together with extensive mononuclear cellular aggregations were observed. Ultrastructural examination revealed podocytes 
with small heterochromatic nuclei and interrupted processes with distortion and effacement. Many GNPs resided in the 
podocytic terminal processes. Some cells of PCTs showed irregular nuclei, variably sized and shaped mitochondria with 
loss of their basal orientation. Focal areas of rarefied cytoplasm and apical vacuoles were observed. Cells of DCTs showed 
irregular nuclei and numerous abnormally shaped mitochondria. Irregularly thickened basal lamina and GNPs were clearly 
observed in their cytoplasm. The immunohistochemical study showed a highly significant increase in TNF-α immunoreaction. 
Conclusion: GNPs cause dose-dependent structural changes in renal cortex with  various degrees of inflammation.
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INTRODUCTION                                                                 

Nanotechnology is involved in different sciences 
with fast growing number of applications of engineered 
nanoparticles (NPs) in drug delivery systems, medical 
devices and some food products. The subsequent disposal 
of these engineered NPs into the environment allows for an 
increasing human exposure to such NPs. Moreover, their 
specific physicochemical properties at the nanoscale are 
expected to result in an increased reactivity with biological 
systems. So, despite their beneficial effects, engineered 
NPs of different types may represent a potential hazard to 
human health[1-3]. 

According to American Society for Testing and 

Materials[4], NPs are those particles with the length range of 
1–100 nm in two or three dimensions. NPs have distinctive 
properties different from bulk-sized materials, including 
large surface area to volume ratios, high reactivity and 
strong interaction with biological matrices owing to their 
small sizes[5]. 

Gold nanoparticles (GNPs) possess the talented 
therapeutic possibilities due to their unique properties 
such as the ease of synthesis, chemical stability and 
biocompatibility, in addition to a wide range of delivery 
targets[6]. GNPs have been found to be useful for the 
controlled release of many chemical agents such as amino 
acids[7], antibiotics[8], peptides[9], anticancer drugs[10], 
glucose[11], antioxidants[12], nucleic acids[13] and isotopes[14], 
and they are also used in cosmetics[15].
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GNPs can enter the body through inhalation, ingestion 
and  skin[16]. The majority of the scientific reports that 
investigated the cellular impact of GNPs were in vitro, 
while fewer studies were conducted to investigate their 
impact in vivo[17]. Many studies have demonstrated a wide 
distribution of GNPs inside the living system, where the 
amount of their distribution in the body inversely correlated 
with the size of the particles[18, 19]. 

Gender differences were previously reported with 
orally administrated silver nanoparticles[20]. A two-fold 
higher concentration was detected in the kidneys of female 
experimental animals compared to male ones[21]. Although 
previous works have focused on examining the effect and 
distribution of GNPs in male kidney[19], their effect and 
distribution in female kidney have not been yet thoroughly 
examined. Therefore, this work aimed to investigate the 
effect of different doses of GNPs on the renal cortex of 
adult female rats employing different histological and 
immunohistochemical techniques.

MATERIALS AND METHODS                                                                 

Thirty adult female albino rats (140-160 grams) were 
kept in clean properly ventilated cages with free access 
to a balanced laboratory diet and water. They were 
acclimatized for 2 weeks before the experiment. The 
experiment was approved by the Local Ethics Committee 
of the National Research Centre (Giza, Egypt). The 
animals were randomly divided into three equal groups 
(10 rats each): Group I (Control group): animals of this 
group were orally administered 1 ml of distilled water daily 
for 14 days. Group II and group III administered 40µg or 
400µg gold nanoparticles/kg body weight, respectively in 
1ml of distilled water daily for 14 days[5,19]. 

Preparation of GNPs: The preparation of the colloidal 
GNPs was according to the standard citrate reduction 
route using Turkevich protocol[22, 23]. Briefly, 0.1699 g of 
gold salt (HAuCL4) was added to 100 ml of deionized 
water producing a faint yellowish solution, this solution 
was boiled for 45 min giving 0.5x10-3 M HAuCL4.
H2O. One milliliter of the solution was transferred to 18 
ml of double distilled water in a conical flask for heating 
and stirred vigorously, upon reaching the boiling point, 
one milliliter of 0.5% sodium citrate as a reducing agent 
was quickly added. The color of the solution gradually 
changed from the initial faint yellow to pale purple color. 
Heating continued for another 15 min, the solution was 
removed from the heater and stirred for further 15 min. 
The citrate-coated GNPs were stored at 4°C in order to 
prevent aggregation. This method produces mono-disperse 
spherical gold nanoparticles in the range of 10–15 nm 
in diameter as detected through electron microscopic 
morphometric analysis.

At the end of the experiment, animals were 
euthanized using intraperitoneal injection of pentobarbital                                        
(40 mg/kg)[4] during the same diestrous phase guided by 

vaginal smear. The kidneys were rapidly dissected and 
prepared for light and electron microscopic examination. 

For examination by light microscopy:
Kidney specimens were fixed in 10% neutral buffered 

formalin, washed, dehydrated in ascending grades of 
ethanol, cleared in xylol and embedded in paraffin. Sections 
of 5µm thickness were stained with haematoxylin and 
eosin (H&E) for the study of general histological features 
and Mallory’s trichrome stain for detection of collagen 
fibers[25].

For immunohistochemical staining with Tumor 
necrosis factor-alpha (TNF-α):

Sections of 5 µm thickness were dewaxed, rehydrated, 
and washed with phosphate buffered saline (PBS) and 
then incubated with PBS containing 10% normal goat 
serum. Sections were incubated with the rabbit polyclonal 
antibody against TNF-α (ab6671, Abcam, Cambridge, 
Massachusetts, USA) overnight in a humid chamber at 4°C 
and then incubated with biotinylated goat anti-rabbit IgG 
for 60 min at room temperature. Sections were incubated 
with a streptavidin–biotin–horseradish peroxidase complex 
for another 60 min. The immunoreactivity was visualized 
using 3,3′-diaminobenzidine (DAB) hydrogen peroxide as 
a chromogen, sections were counterstained with Mayer’s 
haematoxylin. The negative control sections were prepared 
by excluding the primary antibodies[26]. Positive controls 
for TNF-α were human tonsils (as provided by the 
manufacturer).

For examination by transmission electron 
microscopy:

Renal cortical specimens were divided into small 
pieces, processed for transmission electron microscopy 
and were embedded in epoxy resin mixture. Semithin 
sections (1µm thick) were stained with 1% toluidine blue 
and examined by light microscope for proper orientation[27]. 
Ultrathin sections (80-90nm) were stained with uranyl 
acetate and lead citrate, to be examined by JEOL-JEM-100 
transmission electron microscope (Tokyo, Japan) at the 
Electron Microscopic Unit, Faculty of Medicine, Tanta 
University, Egypt.

Morphometric analysis
The images were obtained using a Leica microscope 

(DM3000, Leica, Germany) coupled to a CCD-camera 
(DFC-290, leica, Germany). The image analysis was 
done using Leica Qwin 500 C image analyzer computer 
system (Leica Imaging System LTD., Cambridge, 
England) at Central Research Lab, Faculty of Medicine, 
Tanta University, Egypt. Ten different non-overlapping 
randomly-selected fields at a magnification of 400 were 
examined in each slide for:

1- The maximum glomerulus diameter (µm) in H&E-
stained sections

2- The mean area percentage (%) of collagen fiber 
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content in Mallory’s trichrome-stained sections. Total 
area was measured by adjusting the color threshold while 
excluding the background and then the blue stained area 
was selected and measured to calculate the area percentage 
(%) = (blue stained area/total area)*100.

3- The mean color intensity of positive 
immunohistochemical reaction for TNF-α in DAB-stained 
sections. The color intensity was calculated by subtracting 
the color intensity of negative immunohistochemical 
control from the color intensity of positive stained 
specimen in serial sections. 

Statistical analysis
The data were analyzed by using one-way analysis 

of variance (ANOVA) followed by Tukey’s test for 
comparison between the groups using statistical package 
for social sciences statistical analysis software (version 
11.5; SPSS Inc., Chicago, Illinois, USA). All values were 
expressed as mean ± standard deviation. Differences were 
regarded as significant if probability value p< 0.05 and 
highly significant if p<0.001[28].

RESULTS                                                                    

No deaths were observed during the course of this 
study.

Haematoxylin and Eosin (H&E) staining: 

Group I: (Control group):
H&E stained section from renal cortex of control group 

showed the well-known normal structure and revealed 
the presence of renal corpuscles and tubules. Each renal 
corpuscle was formed of a glomerulus surrounded by a 
double layered Bowman’s capsule with a regular capsular 
space in between. The parietal layer was formed of a single 
layer of simple squamous cells, whereas the visceral layer 
was formed of podocytes with large and oval nuclei. The 
glomeruli were formed of tufts of capillaries lined by flat 
endothelial cells. Proximal convoluted tubules (PCTs) 
were observed with distinct brush borders, rounded central 
nuclei, acidophilic cytoplasm and apparent basal striations 
with ill-defined lateral borders. Distal convoluted tubules 
(DCTs) with a wider lumen and ill-defined brush borders. 
The amount of renal interstitium was sparse (Fig. 1).

Group II (40µg of GNPs):
Section from renal cortex of group II revealed 

some apparent hypercellular glomeruli with congested 
capillaries. The cells of many PCTs were swollen with 
vacuolated cytoplasm and some pyknotic nuclei. Some 
DCTs showed exfoliated epithelial cells. Acidophilic casts 
were occasionally observed in some glomeruli and DCTs. 
Congested intertubular capillaries and focal mononuclear 
cells aggregations were frequently detected (Fig. 2).

Group III (400µg of GNPs):
Section from renal cortex of group III revealed loss 

of the normal renal cortical architecture. Many apparent 
hypercellular glomeruli with extremely narrowed or totally 
obliterated glomerular spaces were observed. Most PCTs 
were severely distorted, their cells showed vacuolated 
cytoplasm and pyknotic nuclei. Many DCTs showed 
nuclei shed into the lumen and some karyolytic nuclei. 
Some tubules were totally distorted. Some extremely 
dilated congested intertubular blood vessels together 
with extensive mononuclear cellular aggregations were 
observed. Some blood vessels with thickened wall were 
frequently detected (Figs. 3, 4).

Morphometric analysis of the maximum glomerular 
diameter in group II showed a significant increase 
(129.62±14.99) compared to the control group 
(116.34±12.05). Moreover, group III showed a highly 
significant increase (165.08±19.11) compared to the 
control (Table 1).

Mallory’s trichrome staining:
Mallory’s trichrome-stained sections from renal cortex 

of control group I showed thin blue-stained collagen fibers 
located around and within the renal corpuscles and around 
the tubules (Fig. 5). Sections from group II revealed 
excess collagen fiber deposits in the interstitium, around 
the tubules and also within the glomeruli (Fig. 6), while 
sections from group III showed massive collagen fiber 
deposition around the tubules and within the glomeruli, 
some blood vessels with thickened walls were frequently 
observed (Fig. 7). 

Morphometric analysis of the mean area percentage 
of collagen fiber content in group II (11.58±2.98) showed 
a significant increase compared to the control group 
(7.12±2.05), moreover, group III (25.31±3.69) showed a 
highly significant increase compared to the control group 
(Table 1, Histogram 1 ).

TNF-α immunohistochemical staining:
Immunostained renal cortical sections from control 

group showed an extremely faint reaction to TNF-α (Fig. 
8), while sections from group II expressed an apparently 
moderate cytoplasmic reaction in the form of brown 
coloration in the glomeruli and both proximal and distal 
convoluted tubules (Fig. 9). Moreover, sections from group 
III expressed an apparently strong cytoplasmic reaction 
particularly in both proximal and distal convoluted tubules 
(Fig. 10). 

Morphometric analysis of the mean color intensity of 
TNF-α positive immunoreaction in group II (19.09±3.65) 
expressed a significant increase compared to the control 
group (14.17±2.19), moreover, group III (30.14±4.03) 
showed a highly significant increase compared to the 
control group (Table 1, Histogram 2).
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Electron microscopic examination:

Group I: (Control group):
Examination of ultrathin sections from the control 

group I revealed normal ultrastructural features of the 
renal corpuscles which were composed of visceral and 
parietal layers; the visceral layer was formed of podocytes 
with central large euchromatic nuclei. Podocytes had long 
primary processes giving rise to secondary processes 
that ended in feet-like processes separated by narrow 
slits bridged by a slit membrane. The glomerular blood 
capillaries were lined with fenestrated endothelium. The 
podocytes and glomerular capillaries shared a trilaminar 
basement membrane with a central electron-dense layer 
(lamina densa) and two electron-lucent layers (lamina rara) 
on both sides (Fig. 11). The parietal layer of Bowman’s 
capsule was lined with flat squamous cells separated from 
podocytes by Bowman’s space (Fig. 12). 

The cells of the proximal convoluted tubules (PCTs) 
were cuboidal in shape with numerous apical microvilli, 
euchromatic nuclei, and basal infoldings of plasma 
membrane with many basally located mitochondria 
(Fig. 13). Cells of distal convoluted tubules (DCTs) had 
numerous basal enfoldings with elongated mitochondria 
in between. DCTs cells appeared smaller than those of the 
proximal ones, with few or no microvilli (Fig. 14).

Group II (40µg of GNPs):
Examination of ultrathin sections from group II showed 

some narrowing in the glomerular capsular spaces (Fig. 
15). Podocytes appeared large with irregular nuclei, while 
podocytic processes showed distortion and effacement. 

Multiple intraglomerular mesangial cells were observed. 
Some gold nanoparticles mainly resided in the podocytic 
terminal processes (Figs. 15 and 16). 

Some cells of PCTs showed irregularly shaped nuclei, 
variably sized and shaped mitochondria. Some lysosomes 
and vacuoles were observed. Thickening of basal lamina 
was detected in some PCTs in addition to abundant 
underlying interstitial cells (Fig. 17). Cells of DCTs showed 
numerous variably shaped mitochondria, some lysosomes 
and vacuoles. Focal thickening of the basal lamina was 
observed (Fig. 18). 

Group III (400µg of GNPs):

Examination of ultrathin sections from group III 
revealed podocytes with irregular or small heterochromatic 
nuclei were observed (Fig. 19). Distortion and effacement 
of the podocytic processes were noticed where many 
gold nanoparticles resided. Numerous intraglomerular 
mesangial cells with dark nuclei were observed (Fig. 20). 

Some cells of PCTs showed small nuclei, variably sized 
and shaped mitochondria with loss of their basal orientation. 
Focal areas of rarefied cytoplasm, many electron-dense 
bodies; mostly lysosomes in addition to apical vacuoles 
were observed. Prominent thickening of basal lamina was 
detected in some PCTs. Gold nanoparticles were clearly 
observed in the cytoplasm (Fig. 21). Cells of DCTs showed 
dark small irregular nuclei, numerous abnormally shaped 
disoriented mitochondria, lysosomes and vacuoles. An 
irregularly thickened basal lamina was observed in some 
DCTs.  Moreover, gold nanoparticles were clearly observed 
in the cytoplasm (Fig. 22). 

Table 1: Morphometeric analysis of the renal cortex specimens from all groups

Group IIIGroup IIGroup IParameters

165.08±19.11**129.62±14.99*116.34±12.05Mean maximum glomerular diameter (µm)

25.31±3.69**11.58±2.98*7.12±2.05Mean area percentage (%) of collagen fiber

30.14±4.03**19.09±3.65*14.17±2.19Mean color intensity of TNF-α immunoreaction

Data are expressed as mean ± standard deviation, *P < 0.05 is significant, **P < 0.001 is highly significant versus control.
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Histogram 1: The mean area % of collagen fiber in all animal groups.

Histogram 2: The mean color intensity of TNF-α immunoreaction in all animal groups.

Fig. 1: A photomicrograph of the renal cortex of control group 
showing glomeruli (G) formed of a tuft of capillaries surrounded 
with Bowman’s capsule formed of a parietal simple squamous 
epithelium (thin arrow) and visceral podocytes (thick arrow) with 
regular capsular space in between (notched arrow). The Proximal 
convoluted tubules (P) have narrow lumen and distinct brush 
border. Distal convoluted tubules (D) have wider lumen and less 
distinct brush border. 	         (H&E × 400, scale bar=50µm) 

Fig. 2: A photomicrograph of the renal cortex of group II (40 μg), 
showing apparent hypercellular glomeruli (G) with congested 
capillaries (thick arrows). The cells of many PCTs (P) are swollen 
with vacuolated cytoplasm (thin arrows) and pyknotic nuclei 
(arrow heads). Some DCTs (D) show exfoliated epithelial cells 
(angular arrow). Notice acidophilic casts in some glomeruli and 
DCTs (asterisks). Congested intertubular capillaries are detected 
(V). Focal mononuclear cells aggregations are observed (curved 
arrow). 			            (H&EX400, scale bar=50µm) 
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Fig. 3: A photomicrograph of the renal cortex of group III (400 
μg), showing loss of the normal cortical architecture. Many 
apparent hypercellular glomeruli (G) with extremely narrowed 
or totally obliterated glomerular spaces (notched arrows) are 
observed. Most PCTs (P) are severely distorted, and their cells 
show vacuolated cytoplasm (thin arrow) and pyknotic nuclei 
(arrow head). Many DCTs (D) show nuclei shed into the lumen 
(angular arrow) and karyolytic nuclei (wavy arrow). Some tubules 
are totally distorted (asterisks).    (H&EX400, scale bar=50µm) 

Fig. 4: A photomicrograph of the renal cortex of group III (400 
μg), showing apparent hypercellular glomeruli (G), extremely 
dilated congested intertubular blood vessels (v). Extensive 
mononuclear cellular aggregations (curved arrow). Notice blood 
vessels with thickened wall (double thin arrows). Some tubules 
are totally distorted (asterisks).          (H&EX400, scale bar=50µm) 

Fig. 5: A photomicrograph of the renal cortex of control group 
showing thin blue-stained collagen fibers around and within 
the renal corpuscles (thick arrow) and around the tubules (thin 
arrows).         (Mallory’s trichrome stain X400, scale bar=50µm) 

Fig. 6: A photomicrograph of the renal cortex of group II (40 μg), 
showing excess blue-stained collagen fibers around and within 
the renal corpuscles (thick arrow) and around the tubules (thin 
arrows).          (Mallory’s trichrome stain X400, scale bar=50µm) 

Fig. 7: A photomicrograph of the renal cortex of group III (400 
μg), showing massive deposition of collagen fibers around and 
within the renal corpuscles (thick arrows) and around the tubules 
(thin arrows), Notice focal areas of fibrosis mainly around blood 
vessels (asterisks).  (Mallory’s trichrome stain X400, scale 
bar=50µm) 

Fig. 8: A photomicrograph of the renal cortex of control group 
showing an extremely faint reaction to TNF-alpha in the glomeruli 
and convoluted tubules (TNF-alpha immuostainingX400, scale 
bar=50µm) 
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Fig. 9: A photomicrograph of the renal cortex of group II (40 
μg), showing moderate cytoplasmic reaction in the form of 
brown coloration in glomeruli and both proximal and distal 
convoluted tubules (arrows). (TNF-alpha immuostainingX400, 
scale bar=50µm) 

Fig. 10: A photomicrograph of the renal cortex of group III                                                                                                                                    
(400 μg), showing strong cytoplasmic reaction in the form of brown 
coloration in glomeruli but mainly in both proximal and distal 
convoluted tubules (arrows). (TNF-alpha immuostainingX400, 
scale bar=50µm)  

Fig. 11: An electron micrograph of the renal cortex of control 
group showing podocyte (P) with primary process (asterisk), 
secondary processes (thick arrows) ending in feet process (thin 
arrows) resting on the glomerular basement membrane (notched 
arrows) showing a central electron dense lamina densa and lamina 
rarae on both sides. The inset shows a higher magnification of the 
glomerular basement membrane. Notice fenestrated endothelium 
(arrow head) of glomerular blood capillaries (B). (TEMX14600, 
InsetX29200, scale bar=2µm) 

Fig. 12: An electron micrograph of the renal cortex of control 
group showing parietal layer of Bowman’s capsule lined by 
squamous cells (S) with flat elongated nuclei (N). Notice a 
primary process (asterisk) of a podocyte and secondary processes 
(thick arrow) ending in feet process (thin arrow) resting on the 
glomerular basement membrane (notched arrow) separating 
it from glomerular blood capillary (B). (TEMX14600, scale 
bar=2µm) 

Fig. 13: An electron micrograph of the renal cortex of control 
group, showing cells of a proximal convoluted tubule with 
apical microvilli (mv), euochromatic nucleus (N) and basal 
mitochondria (M) resting on basement membrane (notched 
arrow).                                            (TEMX8780, scale bar=2µm) 

Fig. 14: An electron micrograph of the renal cortex of control 
group, showing cells of a distal convoluted tubule with 
euchromatic nucleus (N) and basal mitochondria (M) resting 
on basement membrane (notched arrow). (TEMX8780, scale 
bar=2µm) 
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Fig. 15: An electron micrograph of the renal cortex of group 
II (40 μg) showing some narrowing in the glomerular capsular 
spaces (stars). A large podocyte (P) with irregular nucleus (N), 
distortion and effacement of the podocytic processes (asterisks) is 
observed. An intraglomerular mesangial cell (MS) with irregular 
nucleus is seen. (TEMX14600, scale bar=2µm)

Fig. 16: An electron micrograph of the renal cortex of group II 
(40 μg) showing a large podocyte (P) with irregular nucleus (N), 
distortion and effacement of the podocytic processes (asterisks). 
The inset shows a higher magnification of the podocytic 
processes where gold nanopaticles mainly reside (thin arrows). 
(TEMX14600, InsetX29200, scale bar=2µm)

Fig. 17: An electron micrograph of the renal cortex of group 
II (40 μg) showing a cell of proximal convoluted tubule with 
irregular nucleus (n1). Variably sized and shaped mitochondria 
(M) are observed. Some lysosomes (L) and vacoules (v) are seen. 
Notice thickened basement membrane (notched arrow) and some 
underlying interstitial cells (I). Notice another cell of a proximal 
convoluted tubule having an apparently normal nucleus (n2). 
(TEMX8780, scale bar=2µm)

Fig. 18: An electron micrograph of the renal cortex of group II 
(40 μg) showing a cell of distal convoluted tubule with numerous 
variably shaped mitochondria (M), numerous lysosomes (L) and 
some vacuoles (v). Notice focal thickening of the basal lamina 
(notched arrow). 		           (TEMX8780, scale bar=2µm)

Fig. 19: An electron micrograph of the renal cortex of group III 
showing podocyte (P) with  irregular  nucleus  (n1)  or  small  
dense  nucleus  (n2),  interruption,  distortion  and effacement  of  
the  podocytic  processes  (asterisks).  Notice  focal  irregularity  
in  the glomerular basement membrane (notched arrow) and 
mesangial cells with dark nuclei in the renal glomerular capillaries 
(ms). (TEMX14600, scale bar=2µm)

Fig. 20: An electron micrograph of the renal cortex of group III 
(400 μg) showing numerous mesangial cells with dark nuclei in 
the renal glomerular capillaries (ms). Distortion and effacement 
of the podocytic processes (asterisks) is noticed. The inset 
shows a higher magnification of the podocytic processes where 
gold nanoparticles (thin arrows) are detected. (TEMX14600, 
InsetX29200, scale bar=2µm)
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Fig. 22: An electron micrograph of the renal cortex of group 
III (400 μg) showing cells of distal convoluted tubule with dark 
small nuclei with irregular outlines (N), numerous variably 
shaped disoriented mitochondria (M), lysosomes (L) and some 
vacuoles (v). Focal thickening of the basal lamina (notched 
arrow) is observed. The inset shows a higher magnification of 
part of the cytoplasm of cell of a distal convoluted tubule where 
gold nanoprticles are detected (thin arrows). (TEMX8780, 
InsetX17500, scale bar=2µm). 

Fig. 21: An electron micrograph of the renal cortex of group III 
(400 μg) showing a cell of proximal convoluted tubule with small 
nucleus (N). Areas of rarefied cytoplasm (r) and variably sized 
and shaped mitochondria (M) with loss of their basal orientation 
are observed. Some lysosomes (L) and vacoules (v) are seen. 
Notice the thickened basement membrane (notched arrow). The 
inset shows a higher magnification of part of the cytoplasm of 
a cell of proximal convoluted tubule where gold nanoparticles 
are detected (thin arrows). (TEMX8780, InsetX17500, scale 
bar=2µm)

DISCUSSION                                                                     

Gold nanoparticles (GNPs) have been extensively 
developed for various biomedical applications such as 
biosensors, immunoassays, genomics, photo thermolysis 
of cancer cells, microorganisms detection and control, 
imaging and monitoring of biological cells and tissues, and 
targeted drug delivery[29, 30]. 

Although the population exposed to GNPs continues 

to grow with the increasing new applications, GNPs 
remain a controversial research area as regards their 
toxicity to biological systems. Toxicity of GNPs had 
been reported both in vitro and in vivo[31, 32]. However, 
conflicting results were reported owing to the differences 
in experimental protocols, such as the used cell lines 
or animal models, particle size, surface chemistry and                                     
concentration[33, 34]. Most in vivo toxicity studies of GNPs 
have been investigated by intraperitoneal or intravenous 
injection[35]. However, the oral toxicity of GNPs is of 
particular concern to ensure public and consumer health. 

Kidney is a potential target of GNPs because it is 
one of the vital organs in addition to its innate function 
as a blood filter[36]. About 90% of the total renal blood 
flow enters the renal cortex via the bloodstream, thus, a 
relative high concentration of nanoparticles might target 
the cortex rather than the medulla[37]. Female population is 
mostly vulnerable and deserves special attention as toxicity 
in this group could affect both female reproductivity 
and fetal development[38]. Therefore, the present study 
aimed to investigate the effect of different doses of orally 
administered GNPs on the structure of renal cortex of adult  
female albino rats employing different histological and 
immunohistochemical techniques.

Results from the present study demonstrated that oral 
administration of 10 nm GNPs caused dose-dependent 
structural changes in the renal cortex in the form of 
distorted and degenerated PCTs and DCTs with vacuolated 
cytoplasm and many nuclear changes consistent with the 
findings of other study[39]. The cytoplasmic vacuolation 
may be due to the disturbance of renal cell membrane 
function leading to massive influx of water and Na+ ions. 
Moreover, the tubular degeneration could be related to 
fluid homeostasis disturbance induced by these fine GNPs 
leading to an increase of intracellular water[40]. In addition, 
these alterations might be accompanied by lysosomal 
hydrolytic enzymes leakage leading to cytoplasmic 
degeneration and macromolecular crowding[41].

The current work showed that exposure to GNPs 
induced nuclear polymorphism mainly pyknosis and 
karyolysis. The pyknotic nuclei exhibited condensation of 
the chromatin together with irregular nuclear membranes, 
which is similar to the nuclei of cells undergoing necrosis 
or apoptosis, while karyolysis is a sort of complete 
dissolution of the chromatin matter of a dying cell[42]. The 
induced necrosis by GNPs exposure may indicate the effect 
of these fine particles in organelles swelling, lyses and 
dissolution of renal cells nuclei[43]. In addition, the hyaline 
casts observed in the lumen of some renal tubules of GNPs-
treated rats could indicate a renal injury associated with 
protein metabolism disturbances[39].

Morphometric results of the current study revealed  
a dose-dependent increase in the maximum glomerular 
diameter, implying an eminent decline in renal function, 
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where enlarged glomeruli were previously reported 
to more susceptible to subsequent renal injury and 
functional decline[44], and therefore used as a histological 
prognostic indicator of a long-term evolution of a renal 
histopathology[45]. Moreover, extremely narrowed or totally 
obliterated glomerular spaces were observed during this 
study. Terentyuk et al.[46] have reported the proliferation 
of epithelial cells of Bowman's capsule by GNPs, where 
small sized particles showed more effect than larger ones. 
Moreover, some DCTs showed exfoliated epithelial cells. 
According to Inumaru et al.[47], this alteration might indicate 
that GNPs affect renal cells adhesion and induce cell-cell 
junction disruption. They added that oxidative stress is a 
crucial factor to induce cell-cell dissociation. 

The  present study revealed different signs of 
inflammation that were increased with increasing the dose 
of GNPs in the form of mononuclear cellular infiltration 
along with dilated congested blood vessels and a significant 
dose-dependent increase in the collagen deposition 
indicating fibrosis in GNPs treated groups compared 
to the control group. The presence of inflammatory 
cells in the renal tissues of rats exposed to GNPs might 
suggest that these particles could interact with proteins 
and enzymes of the renal interstitial tissue interfering 
with the antioxidant defense mechanism leading to 
reactive oxygen species generation, thus imitating an 
inflammatory response[48]. These inflammatory signs were 
consistent with the immunohistochemical results that 
revealed a significant dose-dependent up-regulation of 
the proinflammatory cytokine TNF-α immunoexpression 
in GNPs treated groups compared to control group.  The 
immunoexpression of TNF-α was measured to detect the 
inflammation mediated toxicity of GNPs and to predict 
their immunomodulatory effect. TNF-α not only plays a 
significant role in the inflammatory process, but may has 
immunoregulatory functions at the same time. Moreover, 
delivery of nanoparticles through oral routes brings them 
in contact with the mucosa-associated lymphoid tissues 
causing an interaction with the residing macrophages or 
lymphocytes with possibilities of subsequent transportation 
of cells or the immune products to the circulation and other 
body tissues[49]. Yen et al.[50] have reported the induction 
of more immunological responses with smaller GNPs than 
with the larger ones.

Ultrastructural findings of the current study supported 
the light microscopic ones. Additionally, 10 nm GNPs 
were detected in the podocytic terminal processes and in 
the cytoplasm of both PCTs and DCTs. These findings 
are in parallel with the results of other investigators[51] 
who concluded that tissue distribution of GNPs is size-
dependent, where the small GNPs possess the most 
widespread organ distribution and can be cleared by renal 
filtration and urinary excretion[52]. It was suggested that 
NPs smaller than 5.5 nm can be rapidly and efficiently 
metabolized by renal clearance, while those larger than 15 

nm can prevent the renal excretion and could accumulate 
in the liver and spleen[53-55]. Other studies declared that 
NPs smaller than 50 nm are capable of entering the cells 
can even move out of the blood vessels if their size is 
less than 20 nm[56]. On the other hand, accumulation of 
GNPs in cells other than macrophages suggested that 
inert GNPs do not penetrate cell membranes by non- 
endocytotic mechanisms[57]. However, the presence of 
NPs in erythrocytes indicates their ability to cross the cell 
membrane by processes other than phagocytosis since 
erythrocytes do not have phagocytotic receptors[58, 59]. 
Diffusion, transmembrane channels, adhesive interactions, 
or other undefined transmembrane processes might play a 
role in this cellular uptake[60]. 

In addition to the GNPs-size, the toxicity of GNPs is 
also based on their surface coating[61, 62], whereas GNPs 
without any binding agent did not show any toxicity[63]. 
Endocytosis plays an important role in the interaction 
between GNPs and cells, recent quantitative evaluation 
revealed that the surface coating on GNPs could modulate 
the endocytotic uptake pathways and cellular trafficking of 
the NPs. Naked GNPs were taken up by macropinocytosis 
as well as by clathrin-mediated and caveolin-mediated 
endocytosis. The difference in uptake is due to interactions 
with different proteins or lipids related to mechanisms 
of endocytosis[19, 64, 65]. Moreover, variations in plasma 
proteins and hormonal levels were suggested to account 
for the different physiological responses to nanoparticles 
in males and females, most probably due to the interactions 
between blood plasma and nanoparticles[66].

Toxicity of GNPs was explained in terms of intracellular 
release of the corresponding toxic gold ions [67]. Intracellular 
gold ions strongly inhibit thioredoxin reductase enzyme 
leading to mitochondrial membrane depolarization and 
inactivation of mitochondrial enzymes[68]. This, in turn, 
causes several toxic mainstream events, including alteration 
of cellular redox balance, increase of physiological ROS 
levels, and occurrence of apoptosis[69]. 

CONCLUSION                                                                      

Histological and immunohistochemical findings 
obtained from this study demonstrate that repeated oral 
administration of GNPs induced their dose-dependent 
deposition in renal cortical tissue as well as dose-dependent 
structural alterations and various degrees of inflammation 
in adult female albino rat. So, administration of drug-
loaded gold nanoparticles for females require particular 
caution because of their special vulnerability, especially 
regarding the dose.
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الملخص العربى

التقييم الهستولوجى و الهستوكيميائي المناعي للتأثير المعتمد على الجرعة لجسيمات الذهب النانوية 
على القشرة الكلوية لإناث الجرذان البيضاء البالغة

ولاء محمد علوان1’ أيه محمد حسن رجب2’محمد حسن رجب3 
1قسم الهستولوجيا ، 3 قسم التشريح ، كلية الطب ، جامعة طنطا ، مصر

2 قسم الصحة الانجابية وتنظيم الأسرة ، المركز القومى للبحوث ، الجيزة ، مصر

المقدمة: تؤدى تطبيقات جسيمات الذهب النانوية فى الحياة الحديثة الى اطلاق سراح هذه الجسيمات الى البيئة، مما يمثل خطرا 
محتملا للصحة البشرية. 

الهدف من البحث: تهدف هذه الدراسة إلى تقييم تأثير جسيمات الذهب النانوية على القشرة الكلوية لإناث  الجرذان البيضاء البالغة 
وذلك باستخدام تقنيات هستولوجية وهستوكيميائية مناعية مختلفة. 

الأولى  المجموعة  متساوية.  مجموعات  ثلاث  إلى  البالغة  البيضاء  الجرذان  إناث  من  ثلاثون  تقسيم  تم  البحث:  وطرق  مواد 
التوالى  النانوية )40 او 400ميكروجم / كجم( على  الثانية والثالثة والتي عولجت بجسيمات الذهب  )الضابطة(، المجموعتين 
يوميا لمدة 14 يوم. تم تجهيز عينات للفحص بالمجهر الضوئى والمجهر الإلكتروني. كما تم عمل صبغات هستوكيميائية مناعية 

TNF-α بإستخدام أجسام ضد
الأنيبيبات  معظم  الملتفة.  الكبيبات  خلوية  فى  فرط  النانوية  الذهب  بجسيمات  المعالجة  الحيوانات  من  عينات  أظهرت  النتائج: 
الملتوية القريبة كانت مشوهة بشدة و خلاياها بها فجوات في السيتوبلازم و أنويتها صغيرة وداكنة.  كما لوحظ تقشر فى خلايا 
وإحتقان  إتساع  لوحظ   كما  تماما.  الأنابيب  تشوهت بعض  وقد  أنويتها.   وانحلال بعض  البعيدة  الملتوية  الأنيبيبات  العديد من 
فى الأوعية الدموية مع وجود تجمعات من الخلايا وحيدة النواة. وقد أظهر الفحص على مستوى التركيب الدقيق أنوية الخلايا 
الرجلاء صغيرة وداكنة  ووجود تشوهات والتصاقات بين نتوءات أقدامها. وقد ظهرت العديد من جسيمات الذهب النانوية فى 
نهايات الاقدام الطرفية للخلايا الرجلاء.كما ظهرت بعض خلايا الأنيبيبات الملتوية القريبة بها أنوية داكنة وظهرت العديد من 
الميتوكوندريا غيرطبيعية الشكل مع فقدان للتوجه القاعدى لها. وقد ظهرتخلخل بؤرى فى السيتوبلازم مع وجود فجوات فى القمة. 
كما ظهرت خلايا الأنيبيبات الملتوية البعيدة غير منتظمة الأنوية وكانت العديد من الميتوكوندريا غيرطبيعية الشكل، كما وجدت 
زيادة غير منتظمة فى غشائها القاعدي وقد ظهرت جسيمات الذهب النانويى بوضوح فى سيتوبلازم هذه الخلايا. وقد أظهرت 

 .TNF-α الدراسة الهستوكيميائية المناعية زيادة ذات دلالة إحصائية عالية في التفاعل المناعى
الإستنتاج: : تجسيمات الذهب النانوية تسببت فى حدوث تغيرات تركيبية معتمدة على الجرعة  ودرجات مختلفة من الالتهاب 

فى القشرة الكلوية.


