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Abstract 

Gold nanoparticles (GNPs) have different usage in the medical field. The plan of the present research was to evaluate 
the influence of the biologically produced GNPs on some rat organs. GNPs were produced using Fusarium oxysporum 
and their presence was confirmed using spectrophotometer, transmission electron microscope (TEM) and X-ray dif-
fraction (XRD) analyses. The non-toxic and toxic doses of GNPs were determined using MTT assay and were injected 
intraperitoneally into rats in 3 continuous days and their effects on the kidney, liver and testis were analyzed using 
microscopic technique. Results revealed that GNPs that were produced had 525 nm absorbance peak and average 
sizes of about 50 nm, with round and hexagonal shapes. Results from the XRD analysis showed the presence of GNPs 
in the reaction mixture. MTT assay results revealed that GNPs had somehow toxic effects which depend on their 
doses. Histological examinations indicated that based on the tested organ, the distribution and effects of GNPs were 
different which in the testis, the non-toxic dose had no effects and in some parts of the liver and kidney, it induced 
mild changes. The toxic dose of the GNPs in all the three tested organs induced mild changes. In conclusion, the 
in vitro and in vivo behaviors of the produced GNPs were different and GNPs even in high concentration induced low 
changes in the rat organs. This may be due to the short exposure and the use of the biologically produced GNPs.
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Introduction
Gold nanoparticles (GNPs) are known as one of the 
biocompatible agents and because of their larger sur-
face areas and smaller sizes, they are more biologically 
active than the bulk gold (Abdelhalim and Moussa 
2013). Recently, this nanoparticles is widely used for 
drug delivery, gene delivery, cancer treatment, biosen-
sors, photothermal therapy, and imaging techniques. 
Although nanoparticles are known as safe materi-
als, there are different reports about the toxic effects 
of the used nanoparticles in  vivo (Abdelhalim and 
Moussa 2013; Pourali et  al. 2017). Hence, nanotoxic-
ity of the nanosized material is the other approach 
that should be taken in consideration. There are some 

available researches which reported that GNPs accumu-
late in many rat organs (Abdelhalim and Jarrar 2011a, 
b, c). Size, dose, shape, method of entry and duration 
of exposure, metabolism, their surface chemistry and 
immune response to the GNPs are some the factors that 
affect their toxicity (Zhang et al. 2010). Also, the nano-
particles production type might be an important factor 
in their toxicity effects. There are three different tech-
niques for nanoparticles production that are named 
biological, physical and chemical methods (Pourali 
et  al. 2013). The chemical method of nanoparticles 
production is fast and easy but sometimes existing of 
some toxic elements on the nanoparticles surfaces and 
their environmental damages are of its disadvantages. 
The physical way is time consuming manner and the 
produced nanoparticles sometimes will not be uniform 
in their sizes. The biological method of production is 
named green synthesis which uses microorganisms 
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and plants for nanoparticles production (Pourali et  al. 
2017). This method of production is environmental 
friendly and inexpensive. It was reported that some 
types of fungal and bacterial strains reduce the ions 
which are imposed to their culture media and by con-
verting them to the nanoparticle forms, the toxicity of 
the materials will be reduced. This reduction occurred 
through non-enzymatic and enzymatic ways. In the 
enzymatic process, the enzymes which are present in 
or out of the microorganism’s cell act on the toxic ions 
and reduce them to the nanoparticles and in the non-
enzymatic way, some microbial secreted extracellular 
elements such as the active groups of the proteins and 
polysaccharides are responsible for bio-production of 
the nanoparticles (Pourali et  al. 2014). Furthermore, 
another factor is the method of nanoparticles adminis-
tration which may have impact on their toxicity. It was 
reported that injection of the nanoparticles through tail 
vein caused lower toxic effects than those administered 
through intraperitoneal and oral routes (Zhang et  al. 
2010). Although there are some available researches 
about the GNPs production, assessment of their cyto-
toxicity and administration in  vivo (Abdelhalim and 
Jarrar 2011a, b, c; Abdelhalim and Moussa 2013; Zhang 
et al. 2010), there is not enough report on the influence 
of the biologically produced GNPs at their toxic and 
non-toxic doses in the rat organs. Hence, the recent 
research tried to produce the GNPs using the fungal 
strain, Fusarium oxysporum. The presence of GNPs 
was confirmed using different tests and their non-toxic 
doses were determined using MTT assay. At the final 
step, the nanoparticles were injected intraperitoneally 
and their effects on the kidney, liver and testis of the 
rats were analyzed using microscopic technique.

Materials and methods
Fungal strain, culture condition and production of gold 
nanoparticles
Fusarium oxysporum (PTCC 238-21-3) was cultured in 
sterile Sabouraud dextrose broth (SDB, Merck, Germany) 
at 27 °C, 150 rpm, for 3 days. The fungal culture medium 
was centrifuged (5000  rpm for 10  min), and 50g of the 
mycelia was weighed and incubated in ddH2O at 27  °C, 
150  rpm, for 3  days. The fungal suspension was centri-
fuged (5000 rpm for 10 min), then 150 μl of 1 M HAuCl4 
(Sigma Aldrich, USA) solution was added to 150  ml of 
the achieved supernatant to obtain 1  mmol final con-
centration of HAuCl4 solution. GNPs production was 
done by incubating the solution at 35  °C, 220  rpm, for 
1 day. The control flask containing 150 ml of ddH2O with 
150 μl of 1 molar HAuCl4 was incubated under the above 
condition (Pourali et al. 2017).

Proving the GNPs formation
Changing of the color of the fungal supernatant from 
yellow to red, purple, pink or other colors was the first 
sign of GNPs creation (Pourali et al. 2018).

Visible spectrophotometer
By the use of Nanodrop spectrophotometer, the absorb-
ance peak of GNPs was monitored. The GNPs had max-
imum absorbance peak around 510–560  nm which is 
owing to the surface plasmon resonance (SPR) of the 
produced nanoparticles, which was one of the signs 
of nanoparticles production. For this aim, the absorb-
ance spectrum of the fungal supernatant solution was 
obtained from 350 to 600  nm against the blank solu-
tion, SDB (Pourali et al. 2012).

Transmission electron microscope (TEM)
The exact dimensions and shapes of the obtained GNPs 
were achieved using Zeiss Leo 910 TEM. For this aim, 
20  μl of the GNPs colloidal solution was loaded on 
a carbon coated grid and after 20  s, the excess of the 
solution was removed. The dried grid was analyzed 
under TEM and the pictures were obtained (Yahyaei 
et al. 2016).

X‑ray diffraction analysis (XRD)
XRD is a technique that can distinguish the GNPs from 
the other materials in the fungal culture supernatant. 
The sample was dried and checked under 30 to 80° at 
2°θ using Philips automatic X-ray diffractometer (Yahy-
aei et al. 2018).

Assessment of the GNPs cytotoxicity in vitro
The produced GNPs were used directly for 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) assay. The tested cells were mouse fibro-
blast cell line NIH3T3 that was obtained from the 
Pasteur Institute of Iran. The cells (2 × 104) were seeded 
in a 96 well micro titer plate, each well was loaded by 
200 μl of working medium containing Dulbecco’s Modi-
fied Eagle’s medium (DMEM), 1% penicillin-streptomy-
cin, and 10% fetal bovine serum (FBS) (Sigma-Aldrich, 
USA). The plate was incubated in the cell culture incu-
bator for 24 h. In the next day, the surface of the mon-
olayer cells was washed using phosphate buffered saline 
(PBS) and the wells in each row were loaded by 2 × con-
centration of 100 μl of the represented medium. The 1st 
well in one row was loaded by 100 μl of GNPs solution. 
After mixing, 100 μl of the mixed solution was moved 
to the second well. This was done for the next well until 
the 11th well. The last well (i.e. 12th) was the control 
and included 100 μl of the working medium. The plate 
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was incubated under the above condition and in the 
next day, the culture medium was removed and 20  μl 
of the dye solution (5  mg/ml, Sigma-Aldrich, USA) 
was added to all the wells. The plate was incubated for 
2  h in the mentioned condition and the dye was dis-
charged. 100  μl of dimethyl sulfoxide (DMSO, Sigma-
Aldrich, USA) was loaded in each well and the plate 
was incubated in a shaker incubator at 37  °C, 50  rpm, 
for 20  min. Finally, using ELISA reader spectropho-
tometer, the absorbance of each well was analyzed at 
570 nm. The IC50 of each well was evaluated. For this 
aim the below formula has been used.

The first well had the maximum and the 11th well had 
the minimum concentrations of the GNPs (Pourali et al. 
2017).

The toxic and non-toxic doses of the GNPs were 
achieved from the results of MTT assay. The well before 
the determined IC50 (which contained higher concen-
tration of the GNPs) was recognized as the toxic and the 
well after the determined IC50 (which contained lower 
concentration of the GNPs) was recognized as the non-
toxic concentrations of the GNPs. These two concentra-
tions were used in the animal studies.

Assessment of the GNPs toxicity in vivo
Animal studies
Twenty four 10  weeks old Wistar male rats weighing 
210–220 g were purchased from Pasteur Institute of Iran 
about 2 weeks prior to the commencement of the tests. 
The rats were kept under 12  h light–12  h dark cycles 
and were given water and food ad libitum. The rats were 
divided into three separate groups, one group was the 
control (n = 8) and was administered intraperitoneally 
with normal saline, another group (n = 8) was adminis-
tered intraperitoneally with the GNPs in the non-toxic 
dose and the last group (n = 8) was administered intra-
peritoneally with the toxic dose of the GNPs for 3 contin-
uous days (Abdelhalim and Moussa 2013; Yahyaei et  al. 
2016).

Histological examination
In day 4, the rats were sacrificed using ketamine 
and their liver, kidney and testis were collected and 
weighed. Then the above mentioned organs were fixed 
using 10% formalin and were embedded in paraffin. 
After that the sections using microtome apparatus 
were obtained and were stained using haematoxylin 
and eosin (H & E) method (Pourali et  al. 2016). The 
variable parameters for the kidney were changes in 

IC50 = (OD of the 1th well−OD of the 11th well/

OD of the 11th well)× 100

the glomeruli, Bowman’s capsules, proximal and distal 
tubules and the presence of hyperemia and inflamma-
tion. The variable parameters for the liver were changes 
in the hepatocytes structure, lobular central vein, portal 
tract and sinusoidal space. The variable criteria for the 
testis were changes in the sertoli cells, spermatogenic 
cells, seminiferous tubules, interstitial tissue and leydig 
cells. These parameters were compared with each other 
through one way ANOVA program in SPSS software 
version 22.

Results
Fungal strain, culture condition and production of GNPs
After the incubation of the F. oxysporum extract with 
1  mmol final concentration of HAuCl4 solution, the 
color of the fungal extract changed from light yellow to 
pink color, which represented the production of GNPs. 
The color of the control flask did not change (Fig. 1).

Proving the GNPs formation
Visible spectrophotometer
With the use of Nanodrop spectrophotometer, the 
absorbance peak of GNPs was monitored from 350 
to 600  nm against the blank. Results indicated that 
GNPs solution had maximum absorbance peak around 
525 nm due to the SPR. In order to decrease the turbid-
ity of the mixture, the mixture was diluted 1: 5 using 
SDB (Fig. 2).

Fig. 1 Changes in the color of the fungal extract after biosynthesis of 
GNPs. A: The fungal extract before and B: after the GNPs production
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Transmission electron microscope (TEM)
The obtained GNPs were evaluated through TEM. The 
average sizes of GNPs were about 50 nm, with hexago-
nal and round shapes (Fig. 3).

X‑ray diffraction analysis (XRD)
XRD obtained results showed the existence of distinct 
peaks that belong to the elemental GNPs. The presence 

of impurities in the fungal culture led to the formation of 
additional peaks (Fig. 4).

Assessment of the GNPs cytotoxicity in vitro
MTT assay results showed that the produced GNPs had 
toxic effects on mouse fibroblast cell line NIH3T3 which 
depend on the used doses. The IC50 was determined 
in the 5th well in which half of the cells survived. This 
means that the non-toxic dose was in the 6th well and the 
toxic dose of the GNPs was in the 4th well. Due to the 
obtained OD values indicated the numbers of the viable 
cells, the percentages of the viable cells were achieved 
from the obtained ODs (Fig. 5).

Assessment of the GNPs toxicity in vivo
Animal studies
In order to achieve the non-toxic and toxic doses in the 
rat model based on the MTT assay results, for toxic dose, 
the GNPs should be diluted 1/16 and for non-toxic dose, 
the GNPs should be diluted 1/64 in the rat’s body. Thus for 
the animal which weighed around 200 g, because approxi-
mately 10% of the rat’s body is blood (Donovan and Brown 
1995), the animal has 20 ml blood and by using a simple 
mathematical proportion, the injected toxic and non-
toxic doses will be 1.34 and 0.32 ml, respectively. This was 
done for all the 24 animals. Before the injections, the ani-
mals were weighed and the injected doses were achieved. 
Administration was done for 3 continuous days.

Fig. 2 Visible spectrophotometer results of GNPs after 1:5 dilutions 
with SDB. The maximum absorbance peak around 525 nm is the sign 
of the presence of GNPs

Fig. 3 TEM micrographs that were obtained from the biologically produced GNPs. a scale bar = 200 nm and b scale bar = 20 nm. In both 
micrographs, the nanoparticles had hexagonal shapes with average sizes of about 50 nm
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Histological examination
As it was mentioned earlier, three rat groups were used 
for this study. The results of the injection of non-toxic 
and toxic doses of GNPs on the testis, kidney and liver 
compared to the control group are shown in Figs. 6, 7.

As Figs.  6, 7 represents, in the assessment of the kid-
ney, in the control group, the cortical and central areas 
of the kidney were completely normal and healthy. In the 
corneal region, the glomeruli had normal size and num-
ber, and the Bowman’s capsules contained natural cells. 

Urethral had normal size, and distal and proximal tubules 
showed normal properties. In the central area, renal tubes 
were healthy and there was no evidence of hyperemia, 
inflammation, or cysts. In the group which was treated 
by non-toxic dose of GNPs, the glomeruli placement was 
good and normal, but small amounts of glomeruli had 
tendency to shrink and squeeze. Urethral space was well 
suited and there was no abnormal dilatation. Renal tubes 
also showed the natural lumen space. The Bowman’s cap-
sule was perfectly shaped, and the mesenchymal cells 

Fig. 4 XRD results of the fungal culture supernatant after GNPs production. The presence of impurities in the fungal culture led to the formation of 
additional peaks

Fig. 5 The cell viability percentages obtained from the MTT test. Well 1 contained the maximum and well 11 contained the minimum 
concentrations of GNPs. Well 12 was the control and had the maximum cell viability
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Kidney

Groups Control The group which was received The group which was received

non toxic dose of GNPs toxic dose of GNPs

Organs

Liver

Fig. 6 The results of injection of non-toxic and toxic doses of GNPs on the liver and kidney histology in contrast to the control group. The 
magnification in the first row for each organ is ×40, the second represented ×100 and the third represented ×400 (H&E staining)
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which made the Bowman’s capsule had normal shape. 
In the group which was treated by toxic dose of GNPs, 
in some areas, the numbers of glomeruli were decreased 
and the urethral space was enlarged and dilated. Some 
glomeruli shrank with smaller size. Renal tubes showed 
no particular problem, but there was some hyperemia 
in their interstitial space. The Bowman’s capsule was 
completely healthy and its cells had their own natural 
characteristics.

Based on the ANOVA results, significant differ-
ence observed between the control group and the two 
other groups in the degree of changes in the glomeruli 
(p value < 0.05), but in the analysis of this parameter, no 
significant difference observed between the group that 
was administrated with toxic dose and the one that was 
treated with non-toxic dose of GNPs (p value > 0.05). In 
the analysis of the presence of hyperemia and inflamma-
tion parameter, there was significant difference between 
the group that was administered with toxic dose of GNPs 

and the other two groups (p value < 0.05), but in the anal-
ysis of this parameter, no significant difference observed 
between the control and the group which was adminis-
tered with non-toxic dose of GNPs (p value > 0.05). In 
the other criteria, no significant differences observed 
between all the tested groups (p value > 0.05).

In the analysis of the liver, the hepatocyte cells of the 
control group represented the normal characteristics 
with the distinct nuclei. The sinusoidal space, the por-
tal tract area, and the lobular central vein were com-
pletely natural. Hepatocyte columns were arranged in 
a well-defined manner. No collapse in the liver tissue 
was present. In the samples that were acquired from 
the group that was administrated with the non-toxic 
dose of GNPs, hepatocyte columns had a good order. 
The lobular central vein was dilated in most areas and a 
slight hyperemia was visible in some specimens in this 
area. The size and shape of the hepatocyte nucleus were 
appropriate but some vacuolar changes were observed. 

Testis

Groups Control The group which was received The group which was received

non toxic dose of GNPs toxic dose of GNPs

Organs

Fig. 7 The results of injection of non-toxic and toxic doses of GNPs on the testis histology in contrast to the control group. The magnification in the 
first row for each organ is ×40, the second represented ×100 and the third represented ×400 (H&E staining)
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The sinusoidal and the portal tract spaces were clearly 
visible and unchanged. In the samples that were 
obtained from the group which were administered the 
toxic dose of GNPs, the hepatocyte cells had a proper 
structure and only a few of them exhibit slight vacuolar 
variations. The lobular central vein had a fair distribu-
tion and uniformity, and there was no abnormal dis-
tension. The sinusoidal space was slightly diffused with 
hyperemia, which is seen in areas far from the lobular 
central vein. The Portal tract was unchanged and had 
normal feature. Based on the ANOVA results, signifi-
cant difference observed between the control group and 
the two other groups in the degree of changes in the 
hepatocytes structure (p value < 0.05), but in the analy-
sis of this parameter, no significant difference observed 
between the group that was administrated with toxic 
dose and the one that was treated with non-toxic dose 
of GNPs (p value > 0.05). In the analysis of changes in 
the sinusoidal space parameter, there was significant 
difference between the group that was administered 
with toxic dose of GNPs and the other two groups (p 
value < 0.05), but in the analysis of this factor, no sig-
nificant difference observed between the control and 
the group that was administrated with non-toxic dose 
of GNPs (p value > 0.05). In the analysis of changes in 
the lobular central vein parameter, there was significant 
difference between the group that was administered 
with non-toxic dose of GNPs and the other two groups 
(p value < 0.05), but in the analysis of this parameter, 
there was no significant difference between the control 
and the group which was administrated with toxic dose 
of GNPs (p value > 0.05). In the other examined factors, 
there no significant differences observed between all 
the groups (p value > 0.05).

In the assessment of the testis, the samples obtained 
from the control group had consistent texture, and the 
diameter and number of seminiferous tubules were suit-
able and identical. The leydig cells and interstitial tissue 
had the same size and their count was normal. All the 
spermatogenic cells and sertoli cells were normal. Also, 
the amounts of sperms inside the lumen were abundant.

In the group which was treated by-the non-toxic dose 
of GNPs, no significant changes in the testis tissue were 
seen. The texture and order of the tissue was quite con-
stant, and in comparison with the control, the only dif-
ference was the expansion in the space between the tubes 
at very small points. The cells of the interstitial tissue 
had proper sizes and numbers. seminiferous tubules had 
acceptable counts and sizes. The spermatogenic and ser-
toli cells did not show any significant changes. Also, the 
amounts of sperms inside the lumen were abundant.

In the group which was treated by the toxic dose 
of GNPs, slight structural variations were seen. The 

distance between the tube and the mediastinal space 
was increased and a slight amount of hyperemia was 
seen. Seminiferous tubules had good diameter, but they 
were less than the control group. Spermatogenic and ser-
toli cells had normal characteristics, but some internal 
regions of the seminiferous tubules were empty and free 
of cells.

Based on the ANOVA results, in the analysis of the 
presence of changes in the seminiferous tubules and 
changes in the interstitial tissue and leydig cells param-
eters, there was significant difference between the group 
that was administered with toxic dose of GNPs and 
the other two groups (p value < 0.05), but in the analy-
sis of this parameter, no significant difference observed 
between the control group and the one which was admin-
istered with non-toxic doses of GNPs (p value > 0.05). In 
the other examined parameters, no significant differences 
observed between all the tested groups (p value > 0.05).

Also, different factors for the kidney such as changes 
in the glomeruli, Bowman’s capsules, proximal and dis-
tal tubules and the presence of hyperemia and inflam-
mation, for the liver such as changes in the hepatocytes 
structure, lobular central vein, portal tract and sinusoidal 
space and for the testis such as changes in the seminifer-
ous tubules, spermatogenic cells, leydig cells, interstitial 
tissue and sertoli cells, were compared with each other 
and the degree of the variations was analyzed and shown 
in Table 1.

Discussion
Studies on nanotoxicity focused on GNPs as a model 
because they have the highest biocompatibility and the 
lowest toxicity. Furthermore, they have a high potential 
for surface modifications and the synthesis of this type 
of nanoparticles is easy and inexpensive. (Pissuwan et al. 
2006).

There are several reports about higher toxicity of 
the nanoparticles than their bulk materials due to their 
smaller dimension and larger surface area. Physical 
dimensions such as surface chemistry, composition, size, 
shape and the type of the nanoparticles are some impor-
tant factors which may have impact on their toxicity 
in vivo. It was reported that nanoparticles cause neuro-
toxicity, hepatotoxicity, renal toxicity and testis toxicity 
(Sun et al. 2013).

One factor which influences the toxicity of the nano-
particles is the method of their production. As it was 
mentioned previously, there are three main types of 
nanoparticles production which are named chemical, 
physical and biological techniques. By literature review-
ing, it can be distinguished that most of the researches 
focused on the chemical and physical methods of nano-
particles production and a few papers are available about 



Page 9 of 12Yahyaei et al. AMB Expr            (2019) 9:38 

the in vivo toxic effects of the nanoparticles that are pro-
duced by the biological technique.

At the cellular level, it was shown that GNPs uptake 
occurred through receptor-mediated endocytosis 
and maximum uptake occurred when the sizes of the 
used nanoparticles were around 50  nm (Chithrani and 
Chan 2007). Hence, the size of the nanoparticles influ-
ence their cytotoxicity and cellular uptake. Some stud-
ies showed that the chemically and physically produced 
GNPs had low toxic effects in the cell culture. In our pre-
vious research, we have used GNPs with sizes of about 
50–70  nm as the model of the biologically produced 
nanoparticles in the cell culture and showed that unlike 
the technique of production which is known as the safest 
one, the obtained GNPs had some dose dependent tox-
icity. But an important factor which must be considered 
is that the two dimensional cell cultures cannot resemble 
the complexity of the animal body. For example, in two 
different researches which analyzed the toxicity of the 
carbon nanotubes in vitro and in vivo, one report showed 
that the carbon nanotubes had toxicity in the cell culture 
and the other showed that the carbon nanotubes had no 
toxic effects in the animal model (Manna et  al. 2005). 
Parameters such as the used dose, immune response to 
the nanoparticles, route of exposure in addition to the 
chemical and physical properties of the nanoparticles 
may be involved in their toxic effects in vivo (Zhang et al. 
2010).

In the present research, we tried to analyze the toxic 
effects of the GNPs in their determined toxic and non-
toxic doses in the animal model which were administered 
through intraperitoneal injection. This type of adminis-
tration was chosen on the basis of the previous research 
which showed that tail vein injection had the lowest and 
intraperitoneal injection or oral administration of nano-
particles had the highest toxicity in the rat model (Chen 
et al. 2009; Zhang et al. 2010). We have assayed the differ-
ences between the influence of the GNPs that were bio-
logically produced in vitro and in vivo.

There are some information about the elimination 
of the chemically produced GNPs in the animal blood 
which is due to their sizes. For example, it was reported 
that GNPs with the sizes of about 18 nm were eliminated 
from the blood stream and collected in the spleen and 
liver (Semmler-Behnke et al. 2008). In another research, 
it was reported that smaller GNPs (5–15 nm) can easily 
be distributed in the rat organs in contrast to the bigger 
ones (50–100 nm) (De Jong et al. 2008). Thus, as GNPs 
are good candidate for biomedical applications, before 
any usage of the GNPs with different sizes, shapes and 
nature for human applications, it is important to evaluate 
their behavior in the animal model.

In the first step of the examinations, GNPs were 
produced using F. oxysporum that is a well-known 
organism in the intra and extracellular produc-
tion of nanoparticles. In the intracellular method of 

Table 1 The degree of  the  changes in  different rat organs after  been treated with  toxic and  non-toxic doses of  GNPs 
in the three tested rat groups

In the table, 0 represented no changes, 1 represented mild changes, 2 represented the middle and 3 represented the maximum changes

Organs and parameters Groups

Control The group which received non toxic 
dose of GNPs

The group which 
received toxic dose 
of GNPs

Kidney

 Changes in the glomeruli 0 1 1

 Changes in the Bowman’s capsules 0 0 0

 Changes in the proximal and distal tubules 0 0 0

 Present of the hyperemia and inflammation 0 0 1

Liver

 Changes in the hepatocytes structure 0 1 1

 Changes in the lobular central vein 0 1 0

 Changes in the portal tract 0 0 0

 Changes in the sinusoidal space 0 0 1

Testis

 Changes in the seminiferous tubules 0 0 1

 Changes in the spermatogenic cells 0 0 0

 Changes in the sertoli cells 0 0 0

 Changes in the interstitial tissue and leydig cells 0 0 1
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nanoparticles production, the nanoparticles accumu-
late within the microbial cells where the active compo-
nents for bio-reduction are placed in the cells, and in 
the extracellular method of nanoparticles production, 
the nanoparticles will be produced out of the microbial 
cells. It was proven that F. oxysporum had strong secre-
tion systems and is a good candidate for the extracel-
lular production of nanoparticles. Furthermore, this 
fungal strain is nonpathogenic for human and its cul-
ture is safe, inexpensive and easy. After culturing of the 
fungal strain, the supernatant of the culture medium 
was used for extracellular production of GNPs, because 
the extraction of the nanoparticles is more facile than 
that of the intracellular technique.

The production of GNPs was confirmed by color 
changing and the use of spectrophotometer, TEM and 
XRD. The color of the reaction changed from yellow 
to pink due to the existence of the GNPs. Based on the 
shape and size of the GNPs, the obtained color will be 
altered. Appearance of pink to red color is the sign of the 
existence of the spherical GNPs in the culture medium 
(Burda et al. 2005).

The spectrophotometer results revealed that the 
obtained GNPs showed maximum absorbance peak 
about 525 nm. This phenomenon was due to the SPR of 
the GNPs which is the resonant oscillation of conduction 
electrons after stimulation by light. TEM results indi-
cated that GNPs had sizes of about 50  nm with round 
and hexagonal shapes. Different magnifications of TEM 
showed that GNPs had uniform sizes. Finally XRD results 
revealed the existence of the elemental gold in the reac-
tion mixture. As shown in Fig. 4, there are extra peaks in 
the XRD spectrum, which are due to the presence of the 
other materials and impurities in the microbial culture 
supernatant.

Prior to in vivo analysis, MTT assay was done, and as 
it was previously shown, the GNPs had toxicity which 
depended on the used doses. Based on the calculated 
IC50, the toxic and non-toxic doses of the GNPs were 
calculated. Because the animal blood will dilute the nan-
oparticles after injection, thus the nanoparticles were 
injected in the doses which after dilution in the ani-
mal’s body, toxic and non-toxic doses of them would be 
achieved.

It was reported that after injection of the GNPs, plasma 
proteins will be adsorbed on the surfaces of the nano-
particles. This may help the opsonisation and accumu-
lation of the nanoparticles which entered into the blood 
stream. It was shown that the preferred organ in which 
nanoparticles accumulation occurs is the liver. The accu-
mulation in the other organs is dependent on the type of 
the nanoparticles, size, shapes and other characteristics 
(Cardoso et  al. 2014). Hence, the recent research tried 

to find the effects of GNPs on the liver and kidney of the 
animal model after 3 continuous days of exposure. Our 
investigation showed that short time exposure to GNPs 
had low impacts on the liver and kidney. Previous study 
showed that the short duration exposure to the chemi-
cally produced GNPs (50  nm) had minimum effects on 
the liver enzymes and had no effects on kidney enzymes 
(Abdelhalim and Moussa 2013) which, agrees with our 
histological results.

Our study showed that short time exposure to the non-
toxic dose of GNPs induced mild changes on hepatocytes 
and lobular central vein and toxic dose of GNPs induced 
mild changes on hepatocytes and sinusoidal space which 
in long term exposure may cause infiltration and disabil-
ity of bile and blood transferring and finally liver dysfunc-
tion and degeneration process. Furthermore, these two 
different doses had the same effects (i.e. mild changes) on 
the glomeruli of the kidney which in long term exposure 
may cause low filtration rate and kidney dysfunction. 
Overall, it is important to note that the changes in some 
parts of the mentioned organs are classified to the mild 
changes and this data again shows that the results that 
were obtained from in vivo studies are different from the 
in vitro ones.

Another organ that was analyzed was the testis. Testis 
was chosen as the organ in which the blood-testis barrier 
acts as the filter. In mammalians, an example of one of 
the tightest junction is blood-testis barrier which is made 
from the sertoli cells. The purpose of the presence of this 
barrier is to protect the meiosis process from any harm-
ful agents that may exist in the animal’s blood (Mruk and 
Cheng 2015). Therefore, we tried to evaluate the toxic 
effects and penetration of the GNPs in this organ as 
well. This barrier acts like the blood–brain barrier which 
guards the brain from unfavourable materials.

Previous research demonstrated that small sizes of 
GNPs could penetrate the blood–brain barrier, and 
by the use of the ion channel blockers, this penetra-
tion can be under control. They showed that there were 
no adverse effects on the animals’ brain and suggested 
the use of the GNPs for drug delivery aims (Hainfeld 
et  al. 2013). Although it was shown that nanoparticles 
have less effects on the blood–brain barrier, Prakash 
et al. showed that silver nanoparticles (SNPs) with sizes 
around 20–100  nm could penetrate blood–brain and 
blood-testis barriers and induce impairments in the func-
tion of the central nervous system (CNS) and teratogenic 
outcomes in the fetus of the animals which were treated 
by SNPs (Prakash et al. 2018).

The present study showed that the blood-testis bar-
rier has some effects in the penetration of the GNPs to 
the testis. GNPs had no toxicity on the sertoli cells that 
are involved in the production of blood-testis barrier but 
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by the administration of the toxic dose of GNPs, they 
had mild changes on the seminiferous tubules, which in 
long term exposure may have impact on the meiosis and 
therefore act on the spermatozoa. Moreover, toxic dose 
of GNPs administration had mild changes on leydig cells 
which in long term exposure may affect the production of 
testosterone.

Recent research showed that the produced GNPs 
even in their toxic doses had mild changes in different 
organs of the rat. This may be due to the use of the bio-
logically produced GNPs, their chemistry, shapes and 
sizes. This research tried to analyze the toxicity of two 
different doses of the GNPs on the liver, kidney and tes-
tis of the rat model. Analysis of the three other impor-
tant organs, heart, spleen and brain, are under research 
and in future we will publish the results.

The aim of this research was to evaluate the toxic 
effects and distribution of the 50–70  nm GNPs in the 
animal organs after 3 continuous days of administra-
tion. Results from the present study showed that the 
in  vitro and in  vivo behaviors of the GNPs are differ-
ent. Overall, our results showed that the GNPs have 
easy access to the blood and all the three tested organs 
but firstly, the non-toxic dose of GNPs had little effects 
on the tested organs and in the case of the testis, it 
imposes no changes. Secondly, if administrations of 
the toxic and non-toxic doses of GNPs had effects, 
their effects were somewhat similar to each other in the 
tested organs. Thirdly, the used route of administration 
is known as the most toxic way of entrance of GNPs to 
the animal model, which should be compared with the 
other routes of administration in future. Furthermore, 
it is recommended to compare the toxic effects of the 
GNPs that will be produced by the chemical and physi-
cal techniques with the biological ones.
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