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Introduction materials occurs due to the release of silver ions in the blood
after the ingestion of nano silver (6). Nano silver materials

One of the most active topics today, nanotechnology, is are more toxic than metallic nanomaterials, such as

the current materials science, demonstrating certain features. aluminum, iron, nickel, and manganese (7). Nano silver

The applications for nanomaterials are expanding quickly materials toxicity can be affected by their shape, size,

(1). Numerous studies on synthetic nanomaterials have been concentration, dose, how they get into the body, how long

conducted in recent years, and their description is a they stay there, and whether or not they are in an aggregated

developing area of nanotechnology due to the widespread state (8).

usage of nanomaterials in the fields of physics, chemistry, This research aims to assess the toxic effect of nano silver

biology, and medicine, anti-inflammatory (2,3). Several material on the cardiac and hepatic tissues and hematological

antibacterial medicinal products, including toothpaste, and biochemical in male rats.

gynecological suppositories, and wound dressings, were

created using Nano silver elements (3). Additionally, there is Materials and methods

a biological and toxicological reaction to these features (4).

Nano silver components will be used in this. When nano Ethical approve

silver materials are ingested, they can accumulate in the The scientific committee has approved this study of the

parenchymal organs and has causes toxic damage to the college of veterinary medicine- University of Baghdad at the

liver, kidneys, and heart (5). The toxicity of nano silver seventh congress dated 11/1/2022, that the concurrent
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conducting experiment did not violent the laws of animal
rights and the euthanasia is applied in accordance of this
guidelines, and approval issue number and date is
UM.VET.2022.014.

Animal and experimental design

A total of 20 white Albino rats (male; 4 weeks of age,
weight 200-250 g) were kindly provided from the animal
house of the Veterinary college at the University of Mosul.
Rats were fed a standard commercial meal and housed at a
regular temperature 22-25°C. Before the trial started, all rats
were acclimated for 7 days. Rats were split equitably into
four groups, each of which had five rats, as follows: The first
group was a control group treated with distal water
intraperitoneally for 21 days. The second group was treated
with nano silver material at a dose of 0.2 mg/kg body weight
intraperitoneally for 21 days. The third group was treated
with 0.4 mg/kg body weight intraperitoneally for 21 days.
The fourth group was treated with 0.6 mg/kg body weight
intraperitoneally for 21 days (9).

Blood and serum samples collection and smear

Blood samples of this study were collected from the
animals in all groups. A capillary tube with heparin was
implanted in the inner corner of the eyeball. This tube was
used to draw blood from the eye veins. Blood samples were
put in gel tubes. The blood was then clotted, and the tubes
were put in the centrifuge at 3000 rpm for 15 minutes to
separate the serum. The serum was then put in the freezer at
-20 C for ALT and AST estimation. Anticoagulant ethylene
diamine tetra acetic acid (EDTA) was used to take blood
samples, which were then used for manual hematological
analysis. Blood samples were collected EDTA anticoagulant
to analyze biochemical and physiological parameters, and
Leishman stain was used for blood smear staining (10).

Biochemical analysis

the serum of each sample was collected and used to
measure hepatic enzymes such as ALT and AST. The
enzymatic parameters related to the liver and heart were
detected using a spectrophotometer. The wavelength for the
measurement of AST and ALT is 340-1020 (China origin)
(112).

Histopathological analysis

To analyze the histopathological alterations, liver and
heart tissue sections preserved in 10% neutral buffer
formalin are processed, embedded in paraffin, sectioned at
4.5-5 m using a rotary microtome, and finally stained with
Hematoxylin and eosin (12).

Determination of hematological parameters

The hematological parameter, red blood cell count
(RBCs count), packed cell volume (PCV), hemoglobin
concentration (Hb), white blood cells (WBCs), and platelet

count were analyzed with a hematology analyzer (Swelb
ALFA) (13,14).

Statistical analyses

The results of the present study were plotted as mean +
Standard deviation. The data were analyzed using SPSS, and
the statistical evaluation was done using the One-Way
Analysis of Variance (ANNOVA) option was used which is
followed by the Duncan test. The level of statistical
significance was set at P<0.05 (15).

Results

Blood parameters

The current study showed that compared to the control
group, animals treated with silver nanomaterials caused
significant differences in Hb, total WBCs, lymphocyte,
granulocyte numbers, and RBC counts. There were
significantly increased Hb and RBCs in animals post
intraperitoneally treatment with 0.2, 0.4, and 0.6 mg/kg B.W.
of nano silver materials. The WBCs were higher in the
treated group in the treated animals with 0.6 mg/kg B.W.
than 0.2 and 0.4 mg/kg B.W. However, at the same time,
lymphocyte percentage was significantly increased in the
group of animals treated with 0.6 mg/kg B.W. compared
with other groups. Additionally, there were no significant
differences in MCV, MCH, MCHC, and RDW of all groups
compared with the control group (Figures 1-4) at p<0.05.
The PLTs count is increased in group 4 compared with G1,
G2, and G3 (Figure 5).
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Figure 1: Nano silver material effect on rats’ WBCs, both in
nano silver materials treated and non-treated groups.



Iragi Journal of Veterinary Sciences, Vol. 37, No. 3, 2023 (707-717)

Hb g/dl
16.5
16 d, 15.8417
15.5
c, 15.06
15
b, 14.52
145
14 3,13.815
135
13
125
G1 Control
(o lmg/kg) 0.4mg/kg (0.6mg/kg)

m G1 Control G2 (0.2mg/kg) G3 0.4mg/kg G4 (0.6mg/kg)

Figure 2: Nano silver material effect on hemoglobin in rats
in both groups, treated and non-treated.
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Figure 3: Nano silver material effect on rats’ RBCs, both
groups Nano silver materials treated and non-treated.
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Figure 4: Nano silver material effect on Blood parameters in
rats, both groups of nano silver materials treated and non-
treated.
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Figure 5: Nano silver material effect on PLT in rats, both
groups nano silver materials treated and non-treated groups.

Red blood cells morphology

Microscopically, normal blood cells have a biconcave
disk shape and has a polar center area. Many types of red
blood cells shape were noticed in blood smears of animals
injected with nano silver materials with different doses. This
abnormal shape included hypochromic normocytic and
hypochromic macrocytic red blood cells seen in the blood
smear of rats injected with 0.2 mg/kg B.W. In contrast, the
blood smear of rats injected with the dose of 0.4 mg/kg B.W.
nano silver materials showed different abnormalities of
shape and size are seen in this group which includes
hypochromic normocytic, echinocytes, acanthocytes, and
stomatocyte shape of red blood cells As for the blood smear
of rats injected with 0.6 mg/kg B.W. of nano silver materials
showed the same abnormal morphology of red blood cells
seen in the 0.4 mg/kg B.W. group in addition to Target shape
cells and Rouleaux shape cells which appeared as rouleau
which stacks as a chain (Figure 6-10).

Figure 6: Rat blood smear treated with 0.2 mg/kg nano silver
material showed RBCs Macrocytic hypochromic. Leishman
stain, 1000x.
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Figure 7: Rat blood smear treated with 0.4 mg/kg nano silver
materials showed Roulex formation and stomatocytes RBCs.
Leishman stain, 1000x.

Figure 8: Rat blood smear treated with 0.4mg/kg nano silver
materials showed stomatocyte RBCs and echinocytes RBCs.
Leishman stain, 1000x.

Body weight and toxicity symptoms

Throughout this study, all rats were observed to detect
the mortality and any abnormal symptoms of the toxic effect
of nano silver materials. All injected groups with 0.2, 0.4,
and 0.6 mg/kg B.W. of nano silver material for 21 days
showed no mortality of animals of all groups showed
depletion in the food intake led to a decrease in body weight
in addition to dullness with alopecia compared with the
control group The 0.6 mg/kg B.W. injection causes
significant depletion of animal’s body weight (Figure 11).
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Figure 9: Rat blood smear treated with 0.4mg/kg nano silver
material showed stomatocyte RBCs and echinocytes RBCs.
Leishman stain, 1000x.

Figure 10: Rat blood smear treated with 0.4 mg/kg nano
silver materials showed target RBCs. Leishman stain, 1000x.
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Figure 11: Nano silver material effect on body weight in rats,
both groups of nano silver materials treated and non-treated
groups.
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Liver function tests

The effect of intraperitoneal injection of nano silver
materials on the hepatic function tests by estimation of ALT,
AST serum level showed significant alteration in animals 21
days post-injection with 0.6 mg /kg B.W. compared with
0.2,0.4 and control group (Figure 12).
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Figure 12: Nano silver material effect on serum enzymatic
markers of hepatic function including AST, ALT in rats
compared to the control group

Hepatic histological lesion

The microscopic histological examination of hepatic
specimens staining with Hematoxylin and eosin of the
control group showed normal architecture of hepatic tissue.
While in the group of animals treated with nano silver
materials at different doses 0.2, 0.4,0.6mg/kg B.W. showed
a degenerative, necrotic inflammatory reaction. At the dose
of 0.2 mg/kg B.W., the histological alteration is
characterized by angiectasis of blood vessels (Central vein,
portal vein), sinusoid congestion, and hyperplasia of Kupffer
cells were also observed. Extravasated blood cells in
between the hepatocytes, centrilobular hepatocytes necrosis
with Focal inflammatory especially mononuclear cells,
recent thrombus formation of the portal vein with periportal
inflammatory cells infiltration, other section showed
perivascular cuffing of inflammatory cells. While rats treated
with 0.4 mg/kg B.W. nano silver materials which shown
severe congestion of the central vein surrounded by necrotic
hepatocytes, replacement of eosinophilic materials
deposition were replaced to necrotic hepatocytes Foci of
inflammatory cells infiltration were also observed. As for the
hepatic section taken from rats treated with 0.6 mg/kg, B.W.
showed more severe histological alteration than the other
groups characterized by generalized blood vessels
congestion, multifocal inflammatory cells infiltration in the
hepatic parenchyma and the portal trait. Necrosis of
periportal hepatocytes congestion of sinusoids also observed
(Figures 13-20) .

Figure 13: Liver tissue treated with nano silver materials at a
dose of 0.2mg/kg showed angiectasis of the blood vessel
(black arrow). H&E, 400x.

Figure 14: Liver tissue of rats treated with nano silver
materials showed congestion of the central vein (black
arrow) and sinusoid (blue arrow), also observed. H&E 400x.

Figure 15: Liver tissue of the rats treated with nano silver
materials at dose 0.2 showed thrombus formation (black
arrow) and infiltration of the inflammatory cell (blue arrow).
H&E 400x.
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Figure 16: liver tissue treated with nano silver materials at a
dose of 0.4 mg/kg showed severe congestion of the central
vein (black arrow) and infiltration of inflammatory cells
around the blood vessels (blue arrow). H&E 400x.

Figure 17: Liver tissue of the rats treated with silver
nanomaterials at a dose of 0.4 mg/kg showed foci of
inflammatory cells infiltrated in the hepatic parenchyma.
H&E, 400x.

Heart tissue lesions

The cardiac histopathological alteration was seen by
hematoxylin and eosin staining taken from treated animals
with 0.2mg/kg B.W. of nano silver materials showed
histological alteration of cardiomyopathy which was
characterized by generalized congestion of blood capillaries,
vacuolation of myocardiocytes with inflammatory cells
infiltration seen in degenerative foci in myocardial cells
thicken of capillaries wall also observed. Hemorrhage with
discontinuation of myocardial fibers in other sections with
vacuities. As for the histological lesions of the myocardial
muscle of rats treated with 0.4 mg/kg B.W. nano silver
materials showing cardiomyopathy, which is characterized
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by vasculitis, loss striation of myocardial fibers, severe
infiltration of inflammatory cells, vacuolation and necrosis
of myocytes, edema in between muscle fibers with
discontinuation of myocardial fibers also observed. While
the rats that were treated with 0.6 mg/kg B.W. showed more
severe histological alteration, which was characterized by
cardiomyopathy, including foci of extravasated erythrocytes
scattered within the myocardial muscle fibers, multifocal
necrosis of individual and numbers of cardiomyocytes with
myofiber vacuolation which accompanied by mixed
infiltration of inflammatory cells, especially mononuclear
cells, there is a replacement of fibrous tissue also observed
(Figure 21-27).

Figure 18: Liver tissue of the rats treated with silver
nanomaterials at a dose of 0.6 mg/kg showed severe
congestion of blood vessels with necrosis of hepatocytes.
H&E,400x.

Figure 19: Liver tissue treated with nano silver materials at
0.6 mg/kg necrosis of periportal hepatocytes in the hepatic
with congestion sinusoid also observed. H&E,400x.
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Figure 20: liver tissue of the rats treated with silver Figure 23: Heart tissue of the rats treated with nano silver
nanomaterials showed Extravasated blood cells and Kupffer materials at a dose of 0.2 mg/kg showed angiectasis of the
cell. H&E, 400X. blood vessel, thickening of capillaries wall. H&E, 400x.

Figure 21: Heart tissue in rats treated with nano silver Figure 24: Heart tissue treated with silver nanomaterials at a
materials at 0.2mg/kg showed congestion and thickening of dose of 0.2 mg/kg showed discontinuation of myocardial
the capillaries wall. H&E, 400x. fiber and edema. H&E, 400x.

Figure 22: Heart tissue in rats treated with nano silver Figure 25: Heart tissue treated with nano silver materials at
materials at 0.2mg/kg showed infiltration of inflammatory 0.6 mg/kg myocardiopathy foci of extravasated erythrocytes
cells and loss of striation of myocardial fiber. H&E, 400x. scattered in myocardial muscle fibers. H&E, 400x.
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Figure 26: Heart tissue of rats treated with nano silver
materials showed vasculitis in addition to inflammatory cell
infiltration (black arrow). H&E, 400x.

Figure 27: Heart tissue of rats treated with nano silver
materials showed loss of striation of myocardial fiber with
edema. H&E. 400x.

Discussion

The result of hematological parameters showed that the
RBC number had changed. These RBC changes may be due
to nanoparticles affecting how hemoglobin is made when red
blood cells mature in the bone marrow (10). This may occur
due to an increase in immunogenic response. Various types
of neutrophils, which serve as the body's first line of defense
and play an essential role in immunity, can signal an
infection or a harmful or allergic reaction to drugs or
substances (11).

While the RBC count was larger in the group that was
treated than in the group that was not, it means there was
fewer RBCs destruction. It could be due to the toxic effects
of nano silver materials that cause more RBCs formation in
the bone marrow (12). The impact of nano silver materials
on the blood-producing system caused a reduction in RBCs
(13). Additionally, nano silver materials interfere with
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immune system function (14,15). The absence of
erythropoietin in the bloodstream may have contributed to
the slight decrease in red blood cells and hemoglobin (16).
Anemia that is normochromic and normocytic can occur
when erythropoietin levels in the blood are reduced (17).
Although hypochromic anemia is a catch-all phrase for all
anemias, this disorder is almost always caused by an iron
shortage (18). The administration of nano silver materials
causes a rise in platelet count, which significantly impacts
blood coagulation and causes clot formation within blood
arteries, accelerating the development of atherosclerosis
(29).

The interaction of nano silver materials with the blood
and blood components may lead to changes in hematological
parameters like WBCs, RBCs, and platelets. Red blood cells
move oxygen from the alveoli to other bodily regions. Red
blood cells are highly significant connective tissues crucial
to the system organ's functionality. Consequently, a variety
of disorders can be diagnosed using pathological markers.
The form, size, and number of the tee will alter, which can
be used to estimate the disease's prognosis. Hemolysis is
when erythrocytes break apart. This will cause their contents,
like hemoglobin, to leak into the surrounding area (20).

RBCs have an irregular form as a result of pathogenic
events that affect how the bone marrow functions This will
cause macrocytic RBCs to form, otherwise, the erythrocytes
in the bone marrow wouldn't be able to make enough
hemoglobin, this would lead to hypochromic erythrocytes,
when seen in three dimensions, the white stomatocytes look
like bowls, when diskocytes changed into spherocytes, these
cells showed up as a step along the way, Acanthocytes can
be detected in patients with chronic disease like (chronic
alcoholic disease), also occur in deficiency of pyruvate
kinase RBCs have an oval form because of defective
membrane proteins (21). Disorder is to blame for this oval
and teardrop-shaped erythrocytes are formed due to bone
marrow infiltration and vasculature damage Phagocytes
appear to produce bite cells when they remove RBCs
portions and a Heinz body (21). According to a number of
scientists, nanoparticles connected to DNA or other
biological components that include sulfur and phosphorus
can be hazardous to cells (22). Investigators have established
a connection between the generation of free radicals, which
alters the structure of cell membranes, and the cytotoxicity
of silver nanoparticles (23). AgNPs also have harmful
characteristics and limited metabolic activity (24). Silver
nanoparticles' chemical makeup, shape, size, aggregation,
surface, and function all impact the biokinetics of their lethal
action (25). Because of this direct interaction with RBCs,
which results in oxidative stress, membrane damage, and
hemolysis, silver nanoparticles are harmful However,
taxonomy has other impacts on red blood cells (RBCs), and
little is known about how they function (26,27).

Compared to controls, all animals exposed to nano silver
materials show a steady decline in mean body weights over
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time However, non-significant evidence revealed that their
buildup in various sites at concentrations that could cause
functional change and subsequently impair the body's
metabolic rate No untreated animal in this investigation
showed an increase in food consumption during the trial, so
we hypothesized that continuous exposure to large doses of
nanoparticles particles could cause a reduction in overall
metabolism The acquired results were discovered to agree
with a prior study (27) that documented a considerable
decrease in rats body weight treated by different doses 0.2,
0.4 mg/Kg for 21 days. Additionally, Sarhan and Hussein
(26) showed that short-term intraperitoneal injection of nano
silver materials in dose 2000 mg/Kg showing no discernible
impact in body weight (28).

Nonetheless, it was revealed that male rats injected
intraperitoneally with 0.2, 0.4, and 0.6 mg/ Kg of nano silver
materials did not experience any appreciable amount of the
drug changes in body weight (29). The large weight growth
found after receiving a high dose of nano silver particles may
result from long effects of using nano silver materials (30).
Given that the consistent weight gain shown in this trial
occurred without any apparent increase in food intake (31).
Furthermore, it was established that male rats were treated
with 0.2 mg/kg body weight with nano silver materials
during a 21-day timeframe, and that there were no
differences in body weight compared to the control group
This could be a sign of the nano silver material's early
harmful effects Previous research indicated that the toxicity
of medications or chemical compounds can cause changes in
body weight (32,33). Due to the body's oxidation of fats and
the release of free radicals, these effects could be attributed
to oxidative stress (34). Also reporting the findings are
Yildirimer et al. (35).

In the current study, after 21 days of therapy, rats treated
with 0.6 mg/kg nano silver materials had considerably higher
levels of the AST enzyme. Rats were treated with nano silver
materials at doses of 0.2 and 0.4 mg/kg had non-significant
ALT levels. Rat serum ALT levels were increased by this
investigation at (P<0.05) levels. Although there was no clear
pattern in the response of AST and ALT to intraperitoneal
injections of nano silver materials in rats, this may indicate a
partial inactivation of enzyme activity or a reduction of
enzyme production (36), while a different study by
Shrivastava et al. (37) indicated the possibility of hano silver
materials affecting the activity of transaminase enzymes, the
liver was identified as one of the significant locations and
target organ for the accumulation of the nanoparticles
(35,36).

The current research confirmed cardiotoxicity and
hepatotoxicity by nano silver materials The results showed
that nano silver materials can cause histological alteration in
hepatic tissue and cardiomyocytes following the I/P injection
and the severity of these histological alterations depends on
the doses of nano silver materials the histological alteration
of hepatic tissue was more severe than the others.it
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characterized by degenerative necrotic and inflammatory
reactions in addition to vascular responses This means that
nano silver materials cause hepatotoxic effects these results
were also reported by Tang et al. (38). The hepatoxicity
occur as a result of the production of free radicals which then
cause oxidative stress (39). Liver is one of the most
fundamental targets of the oxidative stress due to delayed
clearance of nanoparticles stored in the liver which cause
production of free radicals, then there will be infiltration and
accumulation of phagocytic cells in the liver (40). More over
the 1I/P injection of nano silver materials also cause
histological alteration in the myocardial muscle which
characterized by cardiomyopathy, by presence of focal area
of necrosis accompanied by hemorrhage edema with
inflammatory cells infiltration this occur as a results of nano
silver materials toxic effects due to the release of silver ions
(41), this will cause cellular toxicity and oxidative stress
silver ions induce inflammatory reactions (41). These results
agree with the findings of researchers Kim et al. (27) who
showed that the different doses of nano silver materials cause
toxic effects after oral administration on the liver, kidney,
heart and spleen Also, the same results were reported by
Samberg et al. (42) nano silver materials affect the
myocardial muscle because nano silver materials promoted
the persistent vasoconstriction of the myocardial muscle this
will lead to the increase in the release of ROS then could be
oxidative stress medication (42). Others showed that the
nano silver materials have direct effects and not caused by
Ag ions and ROS, membrane injury they noticed that nano
silver materials have a direct effect on ion channels at Nano
balance (43).

Metallic nano silver materials have widespread medical
and industries application. This will lead to an excess of
dangerous mammalian exposure to nano silver materials
which cause a toxic effect on pivotal organs such as the
respiratory, digestive, vascular, and hepatobiliary systems
(44). The hematological results showed a distinction in the
RBCs, Hb, PCV, Total WBCs, granulocytes, lymphocytes,
MCH, MCV, and MCHC in treated groups compared with
the control group. This distinction may indicate that nano
silver material affects the hemoglobin, synthesis, and
maturation of RBCs in the bone marrow. These results are
also reported by Al-Baker et al. (10). Moreover, the I/P
injection of nano silver materials interacts with the blood and
its constituent, which will cause an immunogenic response
and alteration in the hematological parameters, WBCs,
Platelets, etc. (45), due to disturbances in the maturation and
signaling pathways of the cells which can affect RBCs and
the development of the other cells (46,47). Concerning the
morphology of RBCs, we found abnormal shapes of RBCs.
This occurs as a result of problems with bone marrow
function. In addition, RBCs in the bone marrow make
enough hemoglobin, leading to hypochromic RBCs .

The cytotoxic effect of nano silver material is linked to
free radical formation, which causes a change in cell shape
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(22). These results agreed with Al-Baker et al. (10). The
body weight of the treated animals showed a gradual
decrease with time relative to the control group. This
happens perhaps as a consequence of alteration in the
function and metabolic rate of the body organs; there may be
a decrease in the metabolic rate of a response to the treatment
with nano silver material (27).

It was shown by Abdelhalim and Moussa (12) that the
treatment with nano silver material showed no change in
body weight.

The decrease in body weight may be a symptom of any
toxic effect of nano silver materials. A previous study
showed a change in body weight due to toxicity induced by
drugs or chemical substances (33) regarding the effect of
nano silver materials on liver enzymes. This study showed
that the treatment with nano silver materials caused an
increase in the level of ALT and AST compared to the
control group. This occurs due to the accumulation of several
nanomaterials in the liver, which is the target organ and
dominant site of the accumulation of nanoparticles (35,36),
also reported by Shrivastava et al. (37).

Conclusion

The goal of this study is to investigate the harmful effects
of metabolic nano silver materials, and we found that all
doses of nano silver materials used in this study affected the
physical altitude of treated animals, disturbances in the
histology and function of the liver and heart, as well as
disorganization of blood parameters also observed in this
research.
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