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Abstract Silver nanoparticles (Ag-NPs) have wide applications
in the medical field; however, the toxicological effects are still
poorly studied. The study was aimed to determine the effects of
15.78 nm spherical and amine-coated Ag-NPs on hematology
and histology of gills and liver tissues in 28 days treated Labeo
rohita (L. rohita). It was found that Ag-NPs induced alterations
in the hematological parameters in a dose dependentmanner. The
Ag-NPs also induced histological alterations in a dose-dependent
manner. In gill tissues, it induced fusion of secondary lamellae,
separation of gill epithelium, fusion and necrosis of lamellar cells,
hyperplasia, deformed cartilaginous skeleton, separation and
lifting of epithelium, and curling of lamellae in a dose dependent
manner. In the liver, Ag-NPs produced abnormalities in hepatic
tissues by reducing the size of hepatocytes and nuclei, and stim-
ulated the production of necrotic and apoptotic bodies. It was
concluded that Ag-NPs are toxic to aquatic organisms and induce
hematotoxicity and histopathological conditions in exposed fish.

appliances due to physical, chemical, and biological proper-
ties [2–4]. The biological properties include antibacterial ac-
tivity, toxicity to vertebrate’s and invertebrate’s cell lines. The
chemical and physical properties include nano-scale sensors
for the detection of various compounds, optical properties,
electronic properties, and catalytic activities. Their extensive
use increases the discharge of these particles in the aquatic
habitat through different anthropogenic and industrial activi-
ties [5, 6] where they exists in Ag and Ag+ oxidation states [3,
7]. The salts of silver (AgNO3, AgCl) are soluble but silver in
metallic form is insoluble [8]. The Ag-NPs also exist in the
form of colloidal particles, hence readily absorbed and more
toxic to aquatic organisms [3, 9]. Furthermore, various char-
acteristics, including size of particles, composition, surface
area and surface chemistry, coagulation and aggregation state,
vapor pressure, and lipid and water solubility, also influenced
particle properties [8, 10]. The toxicity is also affected by the
size of nanoparticles [11–13]. However, the relationship be-
tween biological effects and particle size of Ag-NPs is still
unclear. The particles enter the body of an organism by inha-
lation, oral absorption, or through damage skin using sliver
burns or antiseptic creams [14, 15]. Larese et al. [16] also
found Ag-NPs can cross the stratum corneum and the blood
brain barrier.

In aquatic environment, the Ag-NPs induce toxicity to
invertebrate’s and vertebrate’s cell lines by production of
oxidative stress [17, 18], depletion of oxidative stress
marker [19], increase lipid peroxidation [17, 20], and re-
duce mitochondrial function [21–23] and apoptosis [18,
24]. They also change the membrane integrity, damage
to the skin, olfactory bulbs, lungs and liver [25–28].
Among all, the liver and gills are most liable sites for
toxicity of Ag-NPs [3]. Recent studies show that Ag-
NPs cause toxicity in gills of zebra fish [29] and liver of
common carp [30]. These particles were directly taken by
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Introduction

Ag-NPs (1–100 nm) are a very important class of nanoparti-
cles with higher surface area to volume ratio [1]. These parti-
cles are most commonly used in medical and industrialRETRACTED A
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the gills or absorbed through the digestive tract and reach
the liver via blood circulation [31]. Long circulation may
increase the chance to penetrate into deeper tissue and
enhance cellular uptake [32]. In this study, 15.78 nm
amine-coated spherical Ag-NPs were used to study the
hemotoxicity and histotoxicity in the L. rohita exposed
toAg-NPs for 28 days. It was hypothesized that amine-
coated Ag-NPs cause tissue and hematological alterations
in fish upon the exposure.

Materials and Methods

Synthesis and Characterization of Particles

Amine-coated and spherical particles were synthesized
through the chemical reduction method as explained in our
previous studies [17] with some modifications. The 0.05 M
AgNO3 solution was prepared in deionized water and stirred
over magnetic stirrer (ARE VELP) for 30 min. The solution
was colorless at this point. Then, 5 ml of formaldehyde was

added as reducing agent and stirred for 5 min. Finally, 4 ml
triethylamine was added as protecting and capping agent. The
color of the solution was changed to black due to reduction of
silver salts into Ag-NPs. The solution was stirred for 2 h at
room temperature and for 2 h at 150 °C. The precipitates
formed were washed with deionized water, then with ethanol
and distilled water, filtered, and dried in the oven at 85 °C
overnight. The formed particles were grained in piston mortal
to fine powder.

The particles were characterized through SEM, XRD anal-
ysis, FT-IR spectroscopy (Thermo Nicolet Avatar, 380) and
DLS (Malvern Zetasizer, Nano ZS).

The SEM image showed agglomeration of grain like
and spherical Ag-NPs (Fig. 1). The particles were
15.78 ± 5.56 nm with maximum in range of 10–20 nm.
The hydrodynamic size was measured through a Malvern
Zetasizer (Nano ZS) with backscattering detector. As Ag-
NPs were agglomerates, the sample stock solution was
diluted 10 folds with distilled water. The hydrodynamic
size was represented as intensity (%) of the overall size of
particles. The TEM image shows spherical Ag-NPs. The
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Fig. 1 SEM image indicating surface morphology and particle size histogram synthesized through reduction of silver nitrate

Fig. 2 TEM, bright field image,
and DLS size of Ag-NPs
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image was only taken for sol and separated Ag-NPs.
Along growth direction, the ring patterns of electron dif-
fraction shows (110), (200), (220) and (311) which re-
vealed crystalline, spherical and face-centered cubic na-
ture of growing particles (Fig. 2) The Fig. 2 also shows
DLS-measured size distribution of amine coated Ag-NPs.
There was no significant difference of DLS-measured and
the histogram size of Ag-NPs. However, the DLS showed
the maximum frequency of particles between 10 and
45 mm in diameter. The DLS suggested that there was
less agglomerations on dilutions with distilled water.

The XRD analysis showed distinct peaks at 38.20 θ
(111), 44.40 θ (200), 64.81 θ (220), and 77.90 θ (311)
which confirmed the face-centered cubic and crystalline
nature of particles (Fig. 3). The FT-IR analysis showed
interactions of molecules with Ag-NPs. The broad spec-
trum at 3441.2 cm−1 was due to –N–H and O–H stretch
vibrations. The second absorption band at 2842.23 cm−1

explained C–H group vibrations. The third absorption
band at 1631.24 cm−1 showed C = C stretching. The ab-
sorption spectrum at 1391.26 cm−1 explained the presence
of an amine group (C–N). The absorption bands at
1236.16 and 1055.22 cm−1 show C–N stretch vibrations.
The spectra of FT-IR at 2381.25 cm−1 represent stretching
and bending vibrations of H–O–H which indicates the
free or absorbed water. Overall, the FT-IR spectra analysis
confirmed the presence of amine interaction with the Ag-
NPs (Fig. 4)

Experimental Conditions and Sample Collection

The experimental L. rohita (50 ± 5 g weight and 24 ± 4 cm in
length) were procured from the Punjab Fish Hatchery
Department, Faisalabad (Pakistan), acclimatized for 2 weeks
at 28 ± 2 °C and 12:12 light and dark period in 40 L glass
aquaria. The fishwere divided into six groups in triplicate with
five fish in each group. The first group acted as control and
others were treated with 10, 20, 30, 45, and 55 mg L−1 Ag-
NPs for 28 days. The blood samples were collected through

Fig. 3 XRD diffraction spectra
of Ag-NPs indicating spherical,
face-centered cubic structure of
particles

Fig. 4 FT-IR spectra of associated and attached molecules with Ag-NPs
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cardiac punctured with 2 mL heparinized EDTA needle in
EDTA tubes on 14th and 28th day.

Hematological Analysis

All hematological tests were performed on automatic hema-
tology analyzer (M-20GP from MEDONIC Sweden) accord-
ing to the manufacturer’s instructions. Mean corpuscular vol-
ume (MCV) was expressed in fl (femtoliters) and calculated
with the following formula:

MCV ¼ Hematocrit %ð Þ
RBC count Millions=mm3ð Þ X10

Mean corpuscular hemoglobin concentration (MCHC) was
expressed in g/dl (grams/deciliter) and calculated with the
following formula:

MCHC ¼ Hb

Hematocrit %ð Þ � 100

Mean corpuscular hemoglobin (MCH) was expressed with
Pg (picograms) and calculated with the following formula:

MCH ¼ Hb

RBC
� 10

All the samples and readings were taken in five replicates.
The data were represented in mean ± SD and compared with
post hoc Tukey’s test using IBM statistics v.20.

Histological Studies

The gills and liver tissues were sampled on 28th day and fixed in
10% formalin solution. Fixation was done by series of dehydra-
tion steps. First, tissues were placed in 80% ethanol, then 90%,
and finally in 100% ethanol for a period of 2 h in each dilution.
The tissues were then placed in cedar wood oil until clear. The
clear tissues were placed in paraplast for 30 min at 60 °C in the
incubator. The paraplast was changed after 30 min and tissues
again placed in an incubator for 12 h at 60 °C. The paraplast was
third time changed and placed in an incubator for 12 h at 60 °C.
The box blocks of each tissue were made and mounted into
plastic casters. The embedded tissue was fixed in rotatory micro-
tone and 3–5-μm-thick sections were cut for each tissue. Each
section was transferred to a clean slide and stretched on Fisher
slides, warmed and remained it on slide for 24 h.

Hematoxyline-Eosin Staining

De-parafinization was done with xylene and rehydration with
50 to 100% dilution of ethanol. Slides were washed with tap
water, stain with hematoxyline, dipped again in water for

Table 1 Alteration of some
blood parameters after 14 days
Ag-NPs treatment

Concentration (mg L−1) Hb

(g/dl)

RBC count

(X106/μl)

WBC counts

(103/μl)

Platelets

(103/μl)

0 12.82 ± 1.09BC 2.52 ± 0.26AB 173.06 ± 6.07D 450.86 ± 8.26D

10 21.05 ± 2.21A 2.86 ± 0.11A 200.56 ± 5.37C 735.9 ± 26.8A

20 16.26 ± 1.96B 2.73 ± 0.04A 143.24 ± 2.27E 587.84 ± 9.97B

30 9.28 ± 1.85CD 2.16 ± 0.28BC 134.55 ± 3.66E 547.8 ± 22.8BC

45 5.82 ± 1.32DE 1.67 ± 0.19CD 223.51 ± 6.04B 509.81 ± 8.31C

55 4.44 ± 0.38E 1.23 ± 0.06D 268.98 ± 16.53A 437.10 ± 14.95D

Values are mean ± SD of five replicates. Values sharing the same letter in the same column are not significantly
different at the 5% probability level

Table 2 Alteration of some
blood parameters after 28-day
Ag-NP treatment

Concentration (mg L−1) Hb

(g/dl)

RBC count

(X106/μl)

WBC counts

(103/μl)

Platelets

(103/μl)

0 12.53 ± 2.00B 1.88 ± 0.13B 175.94 ± 4.74C 455.79 ± 11.67C

10 18.78 ± 1.76A 2.45 ± 0.22A 179.71 ± 4.29C 677.4 ± 25.3A

20 14.76 ± 1.55AB 2.06 ± 0.12AB 162.74 ± 3.88D 548.59 ± 10.89B

30 11.72 ± 1.41BC 1.71 ± 0.25BC 144.93 ± 3.67E 543.46 ± 10.56B

45 8.09 ± 1.68CD 1.27 ± 0.23CD 200.64 ± 5.47B 485.58 ± 14.61C

55 5.34 ± 0.58D 0.96 ± 0.16D 244.63 ± 6.19A 469.05 ± 15.88C

Values are mean ± SD of five replicates. Values sharing the same letter in the same column are not significantly
different at the 5% probability level
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bright coloration, and stained with eosin. The slides were then
moved to absolute alcohol for complete dehydration. Two
drops of DPX (histology mountant) were put on each slide
and covered with a cover slip for complete spreading.

Results

Hematological Analysis

The hemoglobin level increased with increase in concentra-
tion of Ag-NPs due to elevated levels of metabolic rate under
stress condition. However, this increase in level of hemoglo-
bin was not smooth and decrease in level observed. The low-
est level of hemoglobin was found at 55 mg L−1 concentration

on the 14th day of sampling and again increased after 28 days
(Tables 1 and 2). The level of packed cell volume (PCV) was
sharply increased at lowest concentration (10 mg L−1) and
then regular decrease at each concentration in both blood sam-
plings at 14th and 28th day (Fig. 5). This study also showed
that Ag-NPs stimulated or decreased the production of WBCs
in all treatment compared to control. There was a decrease in
the number of lymphocytes which were significantly different
at each concentration (Tables 3 and 4). This decrease indicated
the stress condition. However, numbers of neutrophils in-
creased in number along fluctuations in monocytes and eosin-
ophil at each concentration. The number of monocytes first
decreased slightly at 10 mg L−1 treatments and then increased
again A similar trend was observed in 28 days sampling
(Table 4). The eosinophil showed the same decrease in num-
ber at 10 mg L−1 and then increases.

The platelet count was also increased in all concentrations
compared to control group. However, the decrease in the
platelet counts was found at 45 and 55 mg L−1 concentration.
The other parameters of the blood includingMCH andMCHC
were found to decrease with an increase in the concentrations.
Unlike MCH and MCHC, the level of MCV was found to
increase. All the treatment showed a significant difference
from the control group (Fig. 5).

Histological Alterations in Gills and Liver Tissues

In aquatic environments, gills are the main absorption site for
toxicants. The liver is a second most susceptible site for ab-
sorption and actively detoxifies the toxic xenobiotic and hence
gets damaged. In the present study, there were no recognizable
changes in gill tissues of control. The treated group showed
proliferation of branchial chloride cells, fused secondary la-
mellae, separation of gill epithelium, deformation of lamellar
cells, fusion and necrosis of lamellae, accumulation of apo-
ptotic bodies, accumulation of macrophages along blood clot,
and the formation of aneurism. This type of deformation in-
creases the risk of rupture of gill tissue and result in severe
hemorrhage, other complications, or death. The alterations in
the gills of the freshwater fish were mostly related to the cir-
culatory disturbances which induce regressive and progressive
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Fig. 5 Change in blood parameters after 14 (a) and 28 days (b) of Ag-NP
treatment

Table 3 Changes in percentage
of WBCs after 14 days treatment
of Ag-NPs

Concentration (mg L−1) Lymphocytes

(%)

Neutrophils

(%)

Monocytes

(%)

Eosinophils

(%)

0 40.33 ± 2.89B 45.00 ± 3.00C 7.33 ± 1.53AB 5.67 ± 1.15AB

10 28.33 ± 1.16A 69.67 ± 0.58AB 1.67 ± 0.57C 1.67 ± 1.16B

20 25.00 ± 1.00A 67.33 ± 4.16B 4.33 ± 2.08ABC 3.33 ± 1.53AB

30 17.00 ± 1.73BC 75.67 ± 4.73AB 3.67 ± 1.52BC 3.67 ± 1.53AB

45 14.67 ± 0.58CD 78.00 ± 5.29A 4.00 ± 2.65ABC 3.33 ± 3.21AB

55 10.67 ± 0.57D 73.33 ± 0.57AB 8.33 ± 0.57A 7.67 ± 1.53A

Values are mean ± SD of five replicates
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changes in the gill tissues. In this study, 10 mg L−1 caused the
fusion of the secondary and separation of gill epithelium tis-
sue, whereas the treatment of 20 to 55 mg L−1 showed defor-
mation of lamellar cells, fusion and necrosis of lamellae, hy-
perplasia, deformed cartilaginous skeleton, separation and
lifting of epithelium, curling of lamellae inflammation, and
deformation of the cartilaginous skeleton (Fig. 6).

In the liver sections, normal hepatocytes were recorded in
control. The Ag-NPs caused cognitive enlargement of lyso-
somes leading to degeneration in the liver tissue. The necrosis
were recorded at high level in liver tissues. The treated fish
also showed abnormalities in hepatic tissues, reducing the size
of cells and nuclei. At lowest concentration, the hepatocytes
began to swell. The higher concentrations of Ag-NPs caused
accumulation of condensed nuclear, pycnotic, necrotic, and
apoptotic bodies (Fig. 7b, c). Necrotic condition was very
severe in the liver tissue of treated L. rhoita. Histological
alterations in the liver of treated fish indicated that the Ag-
NPs entered into the liver tissue through the circulatory system
and produce the damage. In Fig. 8 first photograph, black
arrows showing focal necrosis and inflammation of hepatic
tissue forming the vascular dilatation, reduced nuclei, and
congestion. In the second photograph, vacuolization of the
hepatic cells (black arrow), cells with reduced nuclei (white
arrow) accumulation of the colored pigmentation in the hepat-
ic tissue (bent black arrow), damaged tissue due to necrosis
(bent white arrow), blood conjunction (arrow head), conges-
tion (red star), and edema were recorded.

Discussion

Silver nanoparticles attract much attention due to expected
toxicity. It can cause damage to the brain, liver, and stem cells
in the human body. Thus, instead of using human, it is pref-
erable to use animal models in toxicological studies. Among
all models, fish is most dominantly used in toxicological stud-
ies. The review of published literature by Khan et al. [3]
showed that Ag-NPs pose toxicity to all the life stages of fish.
Variation in toxicity due to size, form, and condition of target
model, the researchers are encouraged to further investigate

Table 4 Changes in percentage
of WBCs after 28 days treatment
of Ag-NPs

Concentration (mg L−1) Lymphocytes

(%)

Neutrophils

(%)

Monocytes

(%)

Eosinophils

(%)

0 25.33 ± 1.16A 62.00 ± 3.00D 5.00 ± 1.73CD 3.67 ± 0.58BC

10 27.68 ± 1.53A 68.67 ± 2.52BC 2.33 ± 0.58D 1.33 ± 0.58C

20 24.33 ± 1.53A 54.33 ± 2.52E 14.67 ± 1.156A 6.67 ± 2.08AB

30 15.33 ± 2.31B 64.33 ± 2.52CD 11.67 ± 0.58A 8.67 ± 1.16A

45 12.33 ± 1.16BC 73.0 ± 4.00B 8.33 ± 0.58B 6.33 ± 0.58AB

55 9.00 ± 1.00C 80.33 ± 3.53A 5.67 ± 1.53BC 5.00 ± 1.00B

Values sharing the same letter in the same column are not significantly different at the 5% probability level

Fig. 6 Histological changes in gill section treated with Ag-NPs (H and E;
×400). a Control group. b 10 mg L−1 (black arrow fused secondary
lamellae; white arrow separated epithelium). c 20 mg L−1 (black
arrow = clotted blood; white arrow = deformed lamellar cells; black
bent arrow = fused and necrotic lamellae; white bent arrow = fused
lamellae). d 30 mg L−1 (black arrow = fusion of secondary lamellae;
white arrow = deformed cartilage with macrophages; black bent
arrow = separated epithelium. e 45 mg L−1 (black arrow = deformed
car t i lage; black bent arrow = fusion of lamel lae ; white
ar row = accumula t i on o f apopo t i c bod i es ; whi t e ben t
arrow = accumulation of microphage along blood clot. f 55 mg L−1

(black arrow = hyperplasia lamella fusion; white arrow = fused
secondary lamellae; bent black arrow = curled lamellae; white bent
arrow = inflamed cartilage; black arrow head = fused and necrotic
lamellae)
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different aspects of Ag-NPs toxicity. Efforts are being made
for developing standards and environment friendly use of Ag
nanoproducts for cleaning of fish parasites.

In chronic toxicity studies regarding hematological analy-
sis, level of hemoglobin initially increased significantly and
then decreased. Similar trends were recorded in RBC count. It
was probably due to elevated levels of metabolic rate under
stress condition [33, 34]. Secondly, the flow of RBCs also
increases in blood stream due to hypoxia and dehydration.

As Ag-NPs produces hypoxic condition and increase the al-
kalinity, the kidney sensors detect this condition and increase
RBCsmovement in the blood flow [35, 36]. Therefore, during
the stress condition, the carrying capacity of blood increases to
increase the level of hemoglobin and meet the metabolic de-
mands [37].

However, this increase was up to certain concentrations of
Ag-NPs. Beyond this level, the animal becomes anemic and
decrease in level of hemoglobin was recorded along RBC
counts. Further, MCH and MCHC values were significantly
different from control and decreased with increase in concen-
trations of Ag-NPs. This lowering of values were due to RBCs
counts and hematocrit reduction, which itself was reduced due
to deformation or damage to RBCs [36, 38], bleeding, hemo-
lysis, or decreased RBC generation [35, 38]. Many investiga-
tors reported decrease in the level of MCH and MCHC in
freshwater fish exposed to metals and nanoparticles [36, 39].
Overall changes in blood parameters were due to the reaction
of defense against toxicity through the mechanism of the
erythropoiesis [40].

Fluctuations in WBC count were also seen due to non-
specific response of the immune system against stress and
indicating the stress [41, 42]. The normal value ofWBC count
represents the normal physiological condition where the
changes in quantitative and qualitative characteristics of blood
cells are the response of anomalies that interfere with normal
functions. This situation usually occurs in inflammation, bac-
terial, or parasitic infections. The reduction in number of
WBC is the suppression of immune response and could be
due to hematopoietic system malfunctioning of Ag-NP-
treated animals [43, 44].

Lymphocytes control most of immune response of an or-
ganism’s body. The decrease in lymphocytes occurs when the
fish is subjected to stress [45]. The heavy metals reduce lym-
phocytes [38, 46]. Many researchers also found a decrease in
lymphocyte count when exposed to metal and its salts [47,
48]. There was also a significant difference in neutrophils of

Fig. 7 Histological changes in liver section treated with Ag-NPs. a
Control group showing the normal structure of the liver, b 10 mg L−1

treatment (black arrow = hepatocytes with normal nuclei; red
arrow = hepatocytes with pycnotic nuclei; white arrow necrosis in the
tissues). b 20 mg L−1 (white arrow = deformed blood vessel; bent arrow
necrotic cells; black arrows; white arrow = deformed blood vessel). d
30 mg L−1 (bent arrow necrotic cells; black arrows = damaged hepatic
tissue due to focal necrosis and inflammation of hepatic parenchyma
tissue)

Fig. 8 Histological changes in liver section treated with Ag-NPs (H and
E; ×400). a 45 mg L−1 (white arrow = accumulation of yellow
pigmentation; black arrow = congestion and edema; bent black
arrow = accumula t ion of macrophages ; the whi te bend
arrow = necrosis of hepatic parenchyma tissue). b 55 mg L−1 (white

bent arrow = damaged hepatic tissue due to necrosis; bent black
arrow = accumulation of color pigmentation; black arrow head = blood
conjunction; a white arrow = cell with reduced nuclei; red
star = congestion and edema)
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all treatments compared to control. Neutrophils increased in
number because Ag-NPs increased the infection and damage
in tissues [49]. This leads to neutrophila [47, 50, 51]. The
degree of elevation of neutrophils represents the infection se-
verity. Many fluctuations were also seen in a number of mono-
cytes relatively in short response of respiratory burst [52, 53].
This change in monocytes might be due to disease condition
or hematological tissue dysfunction [54].

In histological studies, there were no recognizable changes
in both gills and liver tissues of control. The treatment of Ag-
NPs caused proliferation of bronchial chloride cells, lamellae
fusion, and formation of aneurism in L. rohita. This type of
deformation increases the risk of rupture of gill tissues and
result in severe hemorrhage, other complications, or death.
Similar deformities were seen in the study of Rajkumar et al.
[55] in case of L. rohita and Al-Ghanbousi et al. [56] in
Aphanius dispar freshwater fish challengedwith deltamethrin,
showing vacuolization, fusion of secondary lamellae, and
lifting of the lamellar epithelium. The alterations in gill of
freshwater fish are mostly related to circulatory disturbances
which induce regressive and progressive changes in gill tissue
[57]. In the present study, 10mg L−1 treatment caused a fusion
of secondary lamellae and necrosis of gill tissue where the
treatment of 20 to 55 mg L−1 showed hyperplasia, deformed
cartilaginous skeleton, separation and lifting of epithelium,
curling of lamellae inflammation, and deformation of the car-
tilaginous skeleton (Figs. 5 and 6). Similar histological chang-
es were seen in the case of Nile Tilapia after the exposure of
TiO2-NPs [58] and carbon nanotubes [59]. Further Ag-NP
treatment also caused hepatocyte enlargement and overfilling
of blood vessels due to hemocyte as recorded byWu and Zhou
[60] in the case of Oryzias latipes, and hemorrhage of gills in
case of Ag-NP-treated Caspian roach [61].

The liver sections showed normal hepatocytes with no visible
alterations in the control. The treatment of Ag-NPs showed con-
gestive enlargement of lysosomes, which create vacuolar degen-
erations in the liver. The 10 mg L−1 treatment produced pycnotic
nuclei in the hepatic cells alongwith the necrosis. These pycnotic
nuclei were similar as recorded by Perera and Pathiratne [58] in
Oreochromis niloticus. The necrosis were seen at higher levels in
liver tissues of L. rohita treated with Ag-NPs. Further, this study
showed congestion in hepatic parenchyma, which decreased the
size of hepatic cells. These alterations could be due to excess
metabolism and detoxification of toxic particles in the liver
[62]. Similar alterations were recorded in the liver of rain-
bow trout treated with Ag-NPs in the study of Monfared
and Soltani [63]. Further 20 to 55 mg L−1 Ag-NP treat-
ment showed deformation of blood vessel, necrosis, focal
necrosis, inflammation of hepatic parenchyma tissue, ac-
cumulation of the color pigmentation in hepatic tissue,
congestion, and edema as recorded in the study by
Rajkumar et al. [55] for L. rohita and Lee et al. [64] for
Common Carp in case of citrate-capped Ag-NPs.

Conclusions

The amine-coated Ag-NPs with average size of 15.78 nm
caused significant changes of hematological parameters in a
dose-dependent manner. The higher dose created significantly
higher alterations in the production or synthesis of hematolog-
ical contents. The histopathology of liver showed reduction in
the size of hepatocytes, synthesis of necrotic and apoptotic
bodies. In gill tissues, the particles caused proliferation of
bronchial chloride cells, fusion of lamellae, and formation of
aneurism. This study concluded that Ag-NPs cause
hematoxicity and histotoxicity in aquatic organisms at an ele-
vated level.
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