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Abstract

This work was designed to investigate the possible acute and long-term acute toxicity of intravenous (i.v.) injection of 50 nm
gold nanorods (AuNRs) in dogs. Eighteen native dogs were divided into control (n=8); acute toxicity (n=5), and long-term acute
toxicity (n=5). Dogs were i.v. injected with 75 pg of 50 nm AuNRs/kg vs. saline solution in the control group. In the acute toxicity,
blood samples were collected from control and AuNRs groups on days 3 and 14 after the AuNRs injection. In long-term toxicity,
blood samples from control and AuNRs injected animals were collected monthly (up to 6 months). Blood was used for CBC,
liver, and kidney functions, cell viability, and genotoxicity. Hepatic, splenic, and renal tissue biopsies were obtained on day 14
(acute toxicity) or after the 6" month in the long-term acute toxicity study for histopathology, Caspase-3 protein expression
using immunohistochemistry, Results showed no aberrant clinical signs, or gross morphological changes in liver, kidney, and
spleen were detected after AuNRs injection. AuNRs produced mild histopathological changes in the hepatic and renal tissues in
the long-term acute toxicity group. 50 nm AuNRs produced mild and reversible changes in blood, liver, and kidney parameters.
50 nm AuNRs significantly increase the expression of Caspase-3 protein expression, decrease the cell viability, and increase %
DNA fragmentation of PWBCs.

Conclusion: i.v. injection of 50 nm AuNRs could induce blood hemolysis, and affect blood profile, liver and kidney functions,
decrease the cell viability of PWBCs through the Caspase-3 pathway, and genotoxicity.

Keywords: Dogs; AuNRs; Toxicity; Blood profile and biochemistry; Histopathology; TEM; Genotoxicity.

Introduction medical applications of nanomaterials and nanodevices, is cur-
rently used to solve these problems. In nanomedicine, gold na-
noparticles (AuNPs) are promising agents for diagnosis, drug/
gene delivery, imaging, and targeted Photothermal Therapy
(PTT) of cancer cells [3]. Despite the importance of AuNPs with-
in the field of nanomedicine, recent research has big concerns
over the safety of using AuNPs in human clinical trials. AuNPs

Currently, cancer is representing a great health challenge
worldwide [1]. Many strategies such as surgery, checkpoint in-
hibitors, chemotherapy, immunotherapy, and radiation therapy
have been used for the treatment of cancer [2]. However, these
approaches not only target cancer cells but also affect normal
tissues yielding poor therapeutic outcomes. Nanomedicine, the
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shape and size is important factors regulating their interaction
and toxicity with cells [4]. After administration, AuNPs are rap-
idly distributed in several tissues including blood, liver, spleen,
kidney, brain, lung, heart, and stomach [5]. Intraperitoneal (i.p.)
injection of 10 nm AuNPs produced hepatotoxic [6] and nephro-
toxic effects in rats [7]. Also, 5 nm AuNPs induced DNA damage
in a dose-dependent manner [8]. Additionally, the administra-
tion of 10 or 50 nm AuNPs induced an acute phase of proinflam-
matory cytokines in the cortex and medulla of rat kidneys [9].
AuNPs up-regulated Caspase-3, Caspase-8, and Caspase-9 gene
expression [10], and decreased expression of Bcl-2 protein in
osteosarcoma cells [4]. Other reports revealed no genotoxicity
for 5 or 50 nm AuNPs on cell lines in vitro [11], or a decrease in
cell viability [12].

Compared to other types of gold nanostructures, 50 nm
nanorods (AuNRs) have a higher plasmonic photothermal ef-
fect due to the plasmon resonance absorption and scattering
of light in the near-infrared region, and they are widely used
in biomedical imaging, X-ray computed tomography (X-ray CT),
for PTT and gene/drug delivery [13]. Injection of 50 nm AuNRs
didn’t produce any mortality or toxicity as indicated by animal
behavior, gross morphology, blood biochemistry, hematologi-
cal analysis, immunology, and histopathological examination in
rats [14], rabbits [15], and pets [16]. On the other hand, when
examined in vitro, 50 nm AuNRs have cytotoxic and genotoxic
effects on mouse splenocytes and human normal and cancer
cell lines in a dose-dependent manner [17]. The possibility that
i.v. injection of 50 nm AuNRs can induce in vivo toxicity is still
controversial. To date, large animal models haven’t been previ-
ously examined for the possible toxicity following a single dose
i.v. injection of 50 nm AuNRs. Therefore, this is the first study
providing new insight into the acute and long-term acute toxic-
ity of single i.v. injection of 75 pg of 50 nm AuNRs/kg in dogs
based on hematological, serum biochemical analyses, light
microscopy examination, immunohistochemical localization of
caspase-3 and bcl-2 protein expression as a marker for apopto-
sis or antiapoptotic. Also, the viability of peripheral white blood
cells (PWBCs) was evaluated using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT assay), and genotoxicity
in PWBCs was determined using Comet assay.

Materials and methods
Chemicals

Unless otherwise mentioned all the chemicals used in the
present study were purchased from Sigma-Aldrich (Sant-Louis,
Missouri, USA).

Synthesis and characterization of 50 nm AuNRs

AuNRs solution was prepared using the seed-growth ap-
proach according to the method previously adopted [18]. Brief-
ly, for the preparation of the seeding solution, 5 mL of 5x10*
M HAuCI, was added to 5 mL, 2 of 10" M CTAB solution with
gentle shaking, then 600 uL of 102 M ice-cold NaBH, was in-
jected into the above mixture. The color of the mixture turned
reddish-brown. For the preparation of the growth solution, 300
ulL of 4x10° M AgNO, was added to a mixture of 5 mL of 2 x10™*
M CTAB. To this aqueous mixture, 70 uL of 7.8x10?% M ascor-
bic acid was added, and the color of the growth solution was
changed from orange to colorless. Finally, 12 pL of the seed so-
lution was injected into the growth solution. The color of the
growth solution was changed slowly within 30-45 min to the
reddish-purple. For the PEGylation of AuNRs, 0.05 g of thiol-ter-

minated methoxy polyethylene glycol (mPEG-SH) of MW=5000
was added to the AuNRs solution. The mixture was kept over-
night at room temperature. The raw nanorod solution twice by
centrifugation at 15000 rpm for 20 min to pellet the nanorods,
decanted, and then re-suspended to 10 ml of deionized water
to remove excess CTAB and mPEG-SH. The absorption spectra
of AuNRs solutions were determined by using a V-630 UV-VIS
Spectrophotometer (Jasco, Japan). Transmission Electron Mi-
croscopic (TEM) images were obtained using JEOL JEM 2010
TEM operated at 200 kV accelerating voltage.

Animals

This work was conducted on eighteen mature native male
dogs with an average of 2.31+0.45 years old, and 10.88+0.78 kg
body weight. Dogs have been kept in dogs shelters and belong
to the Egyptian Society for Mercy to Animals (ESMA, Egypt).
Dogs were kept in separate cages; food was supplied three
times daily, while water was offered ad libtum.

Experimental design

Experiment 1: Acute toxicity of i.v. injection of 75 pg 50 nm
AuNRs/kg

In this experiment, control dogs (n=4), were i.v. injected with
10 ml of normal saline solution. For acute toxicity group (n=>5):
dogs were i.v. injected with a single dose of 75 pg of 50 nm
AuNRs/kg body weight according to Abdoon et al. [16]. Dogs
were observed for two weeks, and blood samples were collect-
ed from control and AuNRs injected dogs on day 3 and 14 after
AuNRs injection for hematological and biochemical evaluation.
Also, blood samples were collected on day 14 for evaluation of
cytotoxicity and genotoxicity.

Experiment 2: Long-term acute toxicity study

Control animals (n=4) received i.v. injection of 1 ml/kg body-
weight saline solution, and in the long-term acute toxicity group
(n=5): dogs were i.v injected with a single dose of 75 ug of 50
nm AuNRs/kg bodyweight, and animals were observed for 6
months. Blood samples were collected monthly from control
and AuNRs injected dogs for hematological and biochemical
evaluation and at the end of the experiment for cytotoxicity and
genotoxicity evaluation.

In acute and long-term acute toxicity studies, dogs were ex-
amined daily for survival and any physiological, behavioral, or
motor impairment.

Hematology and serum biochemical parameters

Blood samples were drawn from the Cephalic vein into an
EDTA tube for routine hematology or into an anticoagulant-free
tube for serum liver and kidney function analyses. Hematologi-
cal Autoanalyzer (Exigo EOS Vet, SE-126 13 Stockholm, Sweden)
was used to determine hematological parameters such as Red
Blood Cell Count (RBC), White Blood Cell Count (WBC), Hemo-
globin Concentration (HGB), Hematocrit (HCT), Mean Corpus-
cular Volume (MCV), Mean Corpuscular Hemoglobin (MCH),
Mean Corpuscular Hemoglobin Concentration (MCHC), Red
Blood Cell Distribution Width (RDW%), White Blood Cell Count
(WBC), Lymphocytes (LYM), Monocytes (MON), Granulocytes
(GRAN), and Platelets Counts (PLT).

Serum biochemical parameters for liver and kidney functions
include Total Protein (TP), Albumin (ALB), Globulin (GLOB), To-
tal Bilirubin (TBIL), Aspartate Transaminase (AST), Triglycerides
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(TRG), Cholesterol (CHOL), Alkaline Phosphatase (ALK. Phos),
Blood Urea Nitrogen (BUN), Uric Acid (UA), and creatinine
(CREA) levels were estimated by using biochemical kits (Biom-
erieux, France) and UV spectrophotometer (Jenway, UK) as per
the instruction manuals.

Liver, spleen, and kidney biopsy sampling

In the acute toxicity study, biopsy samples from the liver,
spleen, and kidney were collected from the control (n=4) and
experimental group (n=5) on day 14 after AuNRs injection. In
the long term, biopsy samples from the liver, spleen, and kidney
were collected from the control (n=4) and experimental group
(n=5) at the end of the 6" month. Biopsy samples were used for
histopathological and caspase-3 and bcl-2 protein expression.

In the two experiments, dogs were starved for 24 hours
before laparotomy. On the day of the operation, dogs were in-
jected i.m. with 1 ml Zylalect for sedation (Adwaia Com., Egypt)
followed by general anesthesia using i.v. injection of 10 mg/ml
Propofol (Baxter, Caxton Way, Thetford, Norfolk, UK). Following
anesthesia, the dog was placed on a surgical table, lying on his
back. The abdominal hair was clipped over the abdomen; the
skin was disinfected with surgical soap followed by ethanol and
betadine, and a sterile drape was placed over the surgical site.
Using a scalpel, an incision was made at the abdominal skin and
peritoneum to open the abdominal cavity. The liver, spleen,
and kidney were grossly evaluated for any change in size, mor-
phology, texture, or presence of any focal pathological lesions,
then biopsy samples were taken from these organs. Part of the
biopsy sample was fixed in 10% formalin for histopathological
examination, and the other part was fixed in 2.5% glutaralde-
hyde solution for electron microscopic evaluation. The abdomi-
nal incision was closed with one layer of self-dissolving sutures.
The outer layer of the skin was closed with sutures. Animals
were injected with long-acting antibiotics (Clamoxyl, Pfizer,
Egypt) given intramuscularly for 7 days. Animals were carefully
checked every day for 10 days after the operation.

Histopathology examination

For control, acute, and long-term acute studies, biopsy sam-
ples from the kidney, liver, and spleen were fixed in 10% forma-
lin solution for 48 h, then dehydrated in graded alcohol (50%,
70%, 80%, 90%, and 100%), cleared in xylene and embedded in
paraffin blocks. Sections (5 pum) were cut with a rotary micro-
tome, stained with hematoxylin-eosin, and observed under a
bright-field microscope (Olympus, Japan). All samples were ex-
amined by the same operator and photographs were captured
with a CCD camera Olympus DP12 attached to the microscope.
Scoring of histopathologic changes has been done semi-quanti-
tively applying the ordinal method. To avoid bias, all the histo-
pathological examinations were conducted by the same person.

Immunostaining for caspase-3 protein expression

The second section from the same block was deparaffinized,
rehydrated, and immunostained using Caspase 3 (CPP32) Ab-4
primary rabbit polyclonal antibody (Thermo Scientific) accord-
ing to Virkajarvi et al. [19]; to assess cellular apoptosis; to assess
antiapoptotic activity. The section was pre-treated using a pres-
sure cooker heat-mediated antigen retrieval with sodium citrate
buffer (pH6) for 30 minutes and incubated overnight at +4°C
with primary antibody at 1/1000 dilution. An HRP-conjugated
secondary (1/10000 dilution) was used to detect the primary
for 1hr at room temperature. DAB was used as chromogen,
diluted 1/100 and incubated for 10 min at room temperature.

The section was counterstained with hematoxylin and mounted
with DPX. The sections were examined under an Olympus re-
search microscope with an attached CCD digital camera Olym-
pus SC-100. Digital photomicrographic sections were taken at
various magnifications.

Peripheral white blood cell viability assay

The effect of nano-gold on the viability of peripheral white
blood cells was determined by measuring the capacity of re-
ducing enzymes present in viable cells to convert MTT to for-
mazan crystals. Briefly, PWBCs from control, acute, long-term
acute toxicity groups were incubated in cell culture plates at
37°C under a 5% CO, humidified air, the media were removed
and 100 pL of serum-free media containing 1.2 mM of MTT dis-
solved in phosphate-buffered-saline (PBS), pH 7.4, was added
to each well. After 2 h incubation in a CO, incubator at 37°C,
the media were then decanted off by inverting the plate, and
100 pL of isopropyl alcohol was added to each well, with shak-
ing for 1 h to dissolve the formazan crystals. The color intensity
of the blue formazan solution formed in each well was meas-
ured at a wavelength of 550 nm using a microplate reader (EL
312e, BIO-TEK, Winooski, VT, USA). The percentage of cell vi-
ability was calculated relative to control wells designated as
100% viable cells.

Peripheral blood Comet assay

Blood samples were collected on days (Acute toxicity) and
after 6 months (Long-term toxicity) of AuNRs injection, then
PWBCs were separated by density gradient separation using
Histopaque according to the manufacturers. % DNA fragmenta-
tion was checked using the alkaline version of the Comet Assay
as described by Schlérmann and Glei [20].

Comets were examined at 400X magnification using a
fluorescent microscope with an image analysis system (Per-
ceptive Instruments Comet assay V2, Instem, Great Shelford
Cambridge, CB22 5LD, UK). Sixty cells per slide were scored and
recorded for each animal. The mean values = SE for the percent-
age of DNA in the tail, tail length (um), and tail moment were
recorded.

Statistical analysis

Results were expressed as mean * standard error of the
mean (SEM). Statistical analysis was performed using the SPSS
(v16 software; IBM Corporation, Somers, NY, USA). For blood
profile and biochemistry, morphometric and genotoxicity analy-
sis One-way Analysis of Variance (ANOVA) followed by Tukey’s
test was used. *P<0.05 and **P<0.01 were considered statisti-
cally significant.

Results
Characterization of AUNRs

TEM images showed AuNRs with homogenized rod shape
(Figure 1A), with an average size of 50.8+7.2 nm length 10.3+1.4
nm width, and 4.9 aspect ratio were synthesized. A strong ab-
sorption band with a maximum at ~808 nm resulting from the
electronic oscillation of the electrons of the nanorod along its
long axis and a weak band at ~530nm polarized resulting from
nanorod electrons oscillations along the short axis of the nano-
rod (Figure 1B).

Animal behavior after AuNRs injection

There were no major clinical changes in eating, drinking
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behavior, defecation, urination, or unusual symptoms after i.v.
injection of 75 pg of 50 nm AuNRs/kg bodyweight in acute or
long-term acute toxicity groups when compared with the con-
trol one.

Hematology profile

Selected standard hematology markers such as RBCs count,
HCT, MCV, HGB, MCH, MCHC values, PLTs, WBCs, NEU, GRA, and
LYM count, all are presented in Table 1. Results indicated that
under acute toxicity study, i.v. injection of 50 nm AuNRs signifi-
cantly decreases (P<0.05) MCV, WBCs, LYM, and PLTs count, and
increases (P<0.05) the number of when compared with control
animals. Meanwhile, in long-term acute toxicity study, i.v. injec-
tion of 50 nm AuNRs significantly decreased (P<0.05) the RBCs
count, HCT, HGB, LYM, and PLTs count, while it significantly in-
creased (P<0.05) the number of GRA as compared with the con-
trol dogs.

Liver and kidney functions

By measuring a variety of biochemical factors in the blood
serum, it is possible to assess liver and kidney functions. As
shown in Table 2, the biochemistry results of the 50 nm AuNRs
treated dogs comprising TP, ALB, GLOB, TBIL, AST, TRG, CHOL,
ALK-Ph, BUN, UA, and CREA levels were reported. Under acute
toxicity experiment, i.v. injection of 50 nm AuNRs significant-
ly increases (P<0.05) TP, GLOB, AST, and CREA concentrations
when compared with the control non-treated group. ALK-Phos
significantly (P<0.05) higher in control than AuNRs injected
dogs. In addition, in long-term toxicity, i.v. injection of AuNRs
significantly increases (P<0.05) TP, GLOB, and CREA concentra-
tions when compared with the control group. ALK-Phos and
CHOL concentrations were significantly (P<0.05) higher in con-
trol non-treated than AuNRs injected dogs.

Histopathology

Compared with control dogs, no gross morphological chang-
es or lesions were detected in the kidney, liver, or spleen of
acute AuNRs injected dogs (Day 14) or long-term acute toxicity
(six months) AuNRs injected dogs. The histopathological chang-
es in the renal, hepatic, and splenic tissues of dogs i.v. injected
with 50 nm AuNRs are presented in Figure 2. In the acute tox-
icity study, compared with control animals (Figure 2A), histo-
pathological examination of the renal tissue of AuNRs injected
dogs showed an intact preserved cellular architecture similar
to the control animals (Figure 2B). However, under long-term
acute toxicity experiment, single i.v. injection of 50 nm AuNRs
produced severe histopathological changes. The epithelial lin-
ing of renal collecting tubules showed mild cloudy swelling and
focal vacuolar degeneration. RBCs and hyaline casts were also
seen within the lumen of renal collecting tubules. Renal collect-
ing tubules showed partial sloughing of their lining epithelium
(Figure 2C). Histology of hepatic tissue demonstrated normal
morphometry of hepatocytes and hepatic portal area in con-
trol (Figure 2D) and acute toxicity groups, but mild lymphocytic
infiltration was noticed within sinusoids of the acute AuNRs in-
jected dogs (Figure 2E). On the other hand, in the long-term
AuNRs injected dogs, the hepatocytes showed mild cytoplasmic
hydropic degeneration. Intralobular focal aggregates inflamma-
tory cells formed mainly of small mature lymphocytes and poly-
morphs. At the periphery of the hepatic lobules, short fibrous
tissue septae harboring few inflammatory cells were recorded
(Figure 2F). Histopathological examination of the splenic tissue
in acute toxicity study showed an intact preserved architecture

similar to the control animals (Figure 2G). White pulp showed
lymphoid follicles with prominent spiral arterioles with promi-
nent central arterioles and surrounding congested red pulp (Fig-
ure 2H), while it showed marked congestion in the long-term
acute toxicity study (Figure 21).

Immunostaining for caspase-3 protein expression

Caspase-3 enzymes play an important role in cell death. Pro-
tein expression for the caspase-3 gene was significantly (P<0.05)
higher in the kidney of the acute toxicity group and long-term
acute toxicity group as compared to the control group (Figure
3A, B, and C). It showed that the optical density of caspase-3
immunostaining in the liver significantly increased (P<0.05) in
acute toxicity and long-term acute toxicity groups as compared
to the control group (Figure 3D, E, and F) for control, acute and
long-term toxicity, respectively). Also, the spleen optical density
increased significantly (P<0.05) in the acute toxicity group and
long-term acute toxicity group as compared to the control one
(Figure 3G, H, and I).

Cell viability

The effect of i.v. injection of a single dose of 50 nm AuNRs
on the viability of peripheral white blood cells is demonstrated
in Table 3. Analysis of data revealed that i.v. injection of a single
dose of 50nm AuNRs either in acute or long-term acute toxic-
ity studies significantly decreased (P<0.01) viability of PWBCs
when compared with the control group.

Comet assay

The effect of i.v. injection of 50nm AuNRs on comet assay
(DNA fragmentation, tail length, and tail moment) and cell via-
bility is presented in Table 4 and Figure 5. Results indicated that
i.v. injection of 50 nm AuNRs significantly increases (P<0.01) tail
length, tail moment, and %DNA fragmentation in both acute
and long-term-acute toxicity groups when compared with con-
trol one (Figure 5A, B for control and AuNRs injected group, re-
spectively).

Figure 1: Characterization of AuNRs. A: TEM micrograph image for
50 nm AuNRs (Bar 200 nm). B: Absorption spectra of the synthe-
sized AuNRs.
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Figure 2: Phoﬂtml?r*ograph for the efft of iv. injection of 50 nm
AuNRs showing a preserved structure of renal tissue (A) control
with ordinary glomeruli and ordinary tubules lined by low cuboidal
epithelium; (B) acute toxicity similar to control; and (C) long-term
acute toxicity showed mild vacuolar degeneration (White arrows)
and mild cloudy swelling (Blue arrows) within tubular lining epithe-
lium, RBC casts and hyaline casts within the lumina of collecting tu-
bules (Black arrow). Photomicrograph for the effect of i.v. injection
of 50 nm AuNRs showing a preserved structure of hepatic tissue
in control with ordinary hepatocytes arranged in single cell thick
plates (D) and acute toxicity with mild inflammatory cellular infil-
trate formed mainly of small mature lymphocytes and polymorphs
(Black arrows) (E), and long-term acute toxicity with moderate fi-
brous tissue expansion of some portal tracts showing extending
fibrous tissue septae (Black arrows) entangling inflammatory cells
together with vacuolation and mild hydropic degeneration within
scattered hepatocytes (F) Photomicrograph for the effect of i.v. in-
jection of 50 nm AuNRs showing a preserved architecture of splen-
ic tissue in control (G) showing white pulp lymphoid follicles with
prominent spiral arterioles, and acute toxicity with mild congestion
within red pulp and fibrous tissue septae (Black arrows) with some
inflammatory cells (White arrows) (H), and long-term acute toxicity
with marked congestion within red pulp the effect of i.v. injection
of 50 nm AuNRs showing a preserved architecture of splenic tissue
(Black arrows) (1) (H&E 200x).

B Ik

: s e : ! R T Vs feor L) i
Figure 3: Photomicrograph showing immunohistochemical staining
of Caspase-3 in the kidney (A, B, and C); spleen (D, E, and F) and
liver (G, H, and I) for control, acute, and long-term toxicity, respec-
tively, of i.v. injection of 50 nm AuNRs in dogs.

» ¥ A

Figure 4: Micrograph showing Comet assy for control (A) and PEBcs
from 50 nm AuNRs injected dogs (B).

Table 1: Effect of i.v. injection of a single dose of 50 nm AuNRs on blood profile in acute and long-term toxicity in dogs (Mean S.E.)

scibasejournals.org

Acute toxicity Long-term acute toxicity
Blood Day-3 Day-14 1* Month 2" Month 3 Month 4 Month 5t Month 6" Month
parameter
Cont AuNR | Cont. AuNR Cont AuNR Cont AuNR Cont AuNR Cont AuNR Cont AuNR Cont AuNR
RBC (10%/u0) 6.0 6.4 7.0 6.9 6.6 6.5 6.2 6.6 6.5 6.5 8.3 7.2 7.5 6.6 7.9 7.2
+0.4 +0.4 +0.2 +0.2 +0.7 +0.5 +0.3 +0.4 +0.2 +0.3 +0.5* 0.3 +0.2* +0.2 +0.1* +0.3
HCT (%) 45.4 45.4 43.7 46.0 47.6 45.4 43.4 45.3 42.9 415 51.8 44.5 46.2 41.1 46.3 42.1
+1.9 +1.6 +1.5 +1.3 1.5 +1.3 +1.3 +1.0 +1.7 +1.4 +1.6% +0.9 +1.1% +1.6 +1.0* +1.8
HGB (g/dL) 14.5 14.5 14.8 15.7 15.3 14.6 13.9 14.8 14.5 14.1 18.3 15.6 16.4 14.7 15.8 15.4
0.1 +0.5 +0.4 +0.5 +0.7 +0.3 +1.0 +0.9 +0.6 +0.5 +0.3* 0.6 +0.7* +0.6 +0.4 +0.6
MCV () 71.1 71.1 66.5 62.1 73.1 70.2 69.8 68.6 64.9 63.8 62.1 61.7 62.4 59.7 58.7 58.4
+1.4 +1.3 +1.8* 0.8 +1.8 +1.1 +1.7 +1.3 +1.4 +1.0 +1.5 +1.7 +1.7 +1.6 +1.4 +1.3
MCH (pg) 23.2 23.2 21.0 22.7 235 22.4 223 225 22.0 21.7 22.1 21.3 213 213 213 214
+0.4 +0.4 0.4 +0.1%* +0.2% +0.2 0.3 0.2 0.2 0.1 +0.3 0.2 0.3 0.2 +0.2 +0.2
325 32.5 335 341 321 31.6 32.0 32.9 334 341 35.6 345 34.2 35.4 36.3 36.7
MCHC (g/dL) 0.3 +0.2 +0.8 +0.4 +0.6 +0.4 +0.4 0.4 +0.6 +0.2 +0.2* 0.2 +0.6 +0.4 +0.4 +0.5
ROW (%) 22.1 22.4 22.7 22.1 23.2 23.6 22.8 23.0 22.0 22.6 21.2 223 21.6 22.0 23.5 23.0
+0.4 +0.4 +0.5 +0.4 0.3 0.3 +0.3 +0.2 +0.4 +0.5 +0.6 +0.5 0.4 +0.7 +0.7 +0.6
RDWa 58.4% 58.0 49.3 51.4 62.7 59.5 57.5 56.3 50.5 49.9 45.0 46.3 46.6 44.0 45.3 43.7
1.6 +1.0 +1.5 +1.8 +1.2 +1.6 +1.0 +1.4 +1.3 +1.5 +1.0 +1.9 +1.7 +1.6 +1.5 +2.0
19.0+ 16.4 18.0 15.8 16.9 15.9 18.8 17.0 17.5 13.3 15.8 13.5 183 183 16.1 16.8
WBC (10%/uL)
0.7* +0.6 +0.8% 0.4 0.6 0.1 0.7 0.3 0.2 +0.4 +0.3* +0.5 0.9 0.5 0.5 +0.9
LYM (%) 33.0+ 244 30.6 32.1 34.1 323 31.8 30.0 223 27.3 27.6 314 26.5 32.7 29.0 32.2
1.9 +1.8% +1.5 +1.3 +1.0 +1.9 +1.1 +1.4 +1.3 +1.5% +1.2 +1.4% +1.3 +1.5% 1.2 +1.2%
MON (%) 11.9+ 10.3 11.5 11.1 11.1 13.7 11.9 11.4 9.3 11.1 12.2 11.7 12.7 10.2 13.4 12.9
0.1* +0.3 +0.6 +0.8 +0.4 +0.7* +0.5 +0.5 0.3 +0.6* +0.2 0.3 +0.9 +0.8 +0.3 +0.5
GRAN (%) 56.6% 64.1 56.8 66.8 56.8 55.4 56.3 58.7 61.6 66.9 56.9 60.2 54.4 63.3 53.5 58.1
0.6 +1.4% +0.5 +0.7* +0.2 +0.8 +0.2 +0.5% +0.5 +0.6* +0.6 +0.2* +0.4 +0.5% +0.6 +0.4*
05
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PLT (107/uL) 264.2+ | 238.0+ @ 254.6 2539 266.6 254.2 204.4 224.2 259.6 2555 274.0 312.8 233.8 250.3 373.0 317.3
. 12.2% 12.0 +12.3 +18.6 +15.7 +15.6 +20.9 +18.8 +20.0 +16.9 +12.1 +12.0 +29.4 +26.7 +9.4* +7.5
MPV (um?) 8.4+ 9.0+ 7.6 8.4 9.22 10.0 9.3 8.8 8.3 8.5 8.9 7.8 7.8 7.2 7.3 7.8
m
H 0.6 0.3 +0.9 +0.8 0.7 +0.5 +0.1 +0.4 0.9 +0.9 +0.3 +0.8 +0.8 +0.6 +0.9 +0.6

RBC: Red Blood Cells Count; WBC: White Blood Cells Count; HGB: Hemoglobin Concentration; HCT: Hematocrit; MCV: Mean Corpuscular Volume;
MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; RDW%: Red Blood Cell Distribution Width; WBC:
White Blood Cell Count; LYM Lymphocytes; MON Monocytes; GRAN: Granulocytes; PLT: Platelets Counts; And MPA: Mean Platelets Volume.

Table 2: Effect of i.v. injection of a single dose of 50 nm AuNRs on liver and kidney functions in acute and long-term toxicity in dogs

(Mean S.E.).
Acute toxicity Long-term acute toxicity
Item Day-3 Day-14 1t Month 2" Month 3 Month 4* Month 5t Month 6" Month
Cont | AuNRs | Cont AuNR | Cont AuNR Cont |AuNR Cont AuNR Cont AuNR Cont AuNR Cont AuNR
Tpg/dl 6.2% 7.1% 6.4+ 6.6% 6.6+ 6.3% 6.1+ 6.5+ 7.1+ 7.0t 7.7t 7.1% 6.9+ 8.4+ 7.4% 6.8t
0.4 0.2* 0.2 0.5 0.6 0.3 0.5 0.1 0.6 0.5 0.2 0.3 0.1 0.4* 0.6 0.2
Alb g/d| 3.3% 3.6% 3.5% 3.5% 3.4+ 3.2% 3.5 | 4.1+ 4.1+ | 45+ 4.2+ 3.9¢ 4.2+ 4.4+ 4.3+ 3.9¢
0.1 0.4 0.4 0.2 0.3 0.3 0.4 0.2 0.4 0.5 0.1 0.2 0.1 0.2 0.4 0.1
Glob g/dl 2.9+ 3.5% 2.9+ 3.1+ 3.2¢ 3.1+ 2.6+ 24+ | 3.0+ 2.5+  3.5% 3.2¢ 2.7+ 4.0t 3.1% 2.9
0.2 0.3* 0.3 0.2 0.4 0.2 0.4 0.2 0.4 0.1 0.2 0.4 0.2 0.4* 0.2 0.1
AST (U/L) 16.2+ | 16.8% 18.8+ 21.7 16.6% 17.7 | 16.2+ | 16.8+ | 14.6+ | 15.2+  15.8+ 14.2+ 17.2% 17.2+ 17.0+ | 17.8%
0.2 0.3 0.3 +0.2* 0.7* +0.8 1.5 1.3 11 1.0 11 0.8 0.8 0.6 0.4 0.7
Alk.Ph U/L 73.4+ | 49.9% 74.5% 76.7+ | 108.4+  105.2+ | 100.9  111.1 100.4 100.1 116.2 120.7% 118.0 102.3 122.4 | 97.4+
3.6* 5.5 3.1 2.2 10.3 6.9 +8.7 | #3.7 | 7.2 | 9.9  #4.6 6.4 15.4%* +5.1 +6.2% 2.3
Choles 6.4+ 6.0+ 4.9+ 4.2+ 6.2+ 5.1+ | 17.1+  10.6+ | 21.2+  21.5+ | 21.6+  21.7% 17.1+ 17.0+ 26.6x | 25.4%
0.2 0.4 0.9 0.5 0.3* 0.2 0.5* 11 1.4 1.3 0.8 0.8 0.3 0.7 0.6 0.8
Trigly 0.4% 0.3+ 0.8+ 0.5+ 0.5+ 0.4+ 0.5+ | 0.4+ 0.3 | 04+ 0.4t 0.4+ 0.5+ 0.4+ 0.9+ 0.5%
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.02 0.1 0.1 0.1 0.1 0.1 0.1
Bilirub 0.3% 0.2+ 0.3% 0.2+ 0.3+ 0.3+ 0.3+ | 04+ 0.7+ | 0.6+ 0.5% 0.7+ 0.5+ 0.7+0.1* 0.6+ 0.5%
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1* 0.1 0.2 0.1
BUN Mg/d| 47.2+ | 48.4%+ 49.4+ 49.0+ 33.9 33.2+ | 45.0+  39.9+ 47.9% 48.5+ 47.0+  46.3% 46.5% 49.0+ 48.8+ | 49.2+
0.2 0.6 0.3 0.5 0.6 0.9 0.5* 0.5 0.6 0.5 0.9 0.5 0.7 0.2* 0.4 0.4
UA mg/dI 3.3% 3.2+ 3.0t 3.1+ 2.2+ 2.3% 2.5% 3.0+ 3.2+ 3.6+ 4.0% 4.0+ 3.0+ 3.4+ 3.1+ 3.4+
0.4 0.5 0.6 0.5 0.4 0.3 0.3 0.2 0.2 0.4 0.3 0.3 0.3 0.2 0.3 0.6
Creat mg/dl 12.9+ | 12.1% 18.0+ 23.2% 8.4+ 8.8+ | 19.4+ | 19.5+ | 17.9+ | 16.9+ | 42.5+ | 42.2+ 31.7+ 39.6% 24.1+ | 33.4%
0.6 0.9 0.5 0.4* 0.9 0.6 0.4 0.3 0.7 0.5 0.3 0.2 0.9 0.8* 0.7 0.9*
*P<0.05

Table 3: Effect of i.v. injection of a single dose of 50 nm AuNRs
on Caspase-3 protein expression (Optical density) in acute and
long-term toxicity in dogs (Mean S.E.).

Grou . .
. Liver Kidney Spleen
Tissue
Control 0.33+0.04 0.35+0.01 0.33+0.02
Acute Toxicity 0.44+0.03* 0.57+0.02* 0.61+0.01*
Long Term Toxicity 0.48+0.02* 0.41+0.02* 0.51+0.03*

* Differ significantly within the same column at p<0.05

Table 4: Effect of i.v. injection of a single dose of 50 nm AuNRs
on Caspase-3 protein expression (Area percentage) in acute and
long-term toxicity in dogs (Mean S.E.).

Gro . .
. Liver Kidney Spleen
Tissue
Control 0.92+0.05 1.41+0.21 1.1+0.19
Acute Toxicity 1.16+0.13* 1.46+0.21 2.56+0.44*
Long Term Toxicity =~ 1.16+0.13* 1.45+0.54 3.37+0.57*

* Differ significantly within the same column at p<0.05

Table 5: Effect of i.v. injection of a single dose of 50 nm AuNRs
on the viability of PWBCs in control, acute and long-tern toxicity
in dogs.

Group

% Cell viability (Mean + SE)

Control -ve

88.04+0.25

Acute toxicity

83.68+0.45**

Long-term acute toxicity

82.6+0.37**

* Differ significantly within the same column at p<0.01

Table 6: Effect of i.v. injection of a single dose of 50 nm AuNRs
on Comet analysis (% of DNA fragmentation, Comet tail length,
and Comet tail moment) in control, acute and long-term toxicity

in dogs.
Comet assay
Group Tail Length  Tail Moment % DNA fragmentation
(um, MeantSE) = (MeanzSE) (MeanzSE)

Control -ve 2.14+0.09 0.19+0.05 3.66%0.20
Acute toxicity 11.35+0.22** | 3.17+0.04** 7.1240.63**
Long-t t

ONg-eIM AT 12200.23** | 4.2240.07** 7.2540.75%*
toxicity

* Differ significantly within the same column at p<0.01
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Discussion

Gold nanorods (AuNRs) offer an excellent opportunity for
biomedical and industrial applications, They’re utilized in PTT,
and drug/gene delivery, as novel diagnostic, and therapeutic
approaches in cancer. Currently, the available data on the tox-
icity of AUNRs were examined in vivo and were conducted on
small lab animals. Though results might not predict the in vivo
toxicity accurately.

In the present work, results showed that in both acute and
long-term acute toxicity studies, no behavioral changes were
recorded after i.v. injection 50 nm AuNRs in dogs. All physiologi-
cal functions including feeding, drinking, urination, defecation,
motor, and sensing functions were similar between the control
and 50 nm AuNRs injected dogs. These results indicated that
the i.v. injection of 50 nm AuNRs did not produce any apparent
toxicity in dogs. Similar results were recorded in rats [14,21],
rabbits [15], and pets [16]. On the contrary, after direct expo-
sure to naked colloidal 8 to 37 nm AuNPs, a high percentage of
the mice showed loss of weight and appetite and died within
21 days [22]. Also, food and water intake were changed after
inhalation of nm AuNPs in rats [23]. This difference could be
related to the shape, surface chemistry, or route of administra-
tion of AuNPs.

Furthermore, in this work, no gross morphological changes or
signs of inflammation or damage were detected in the hepatic,
splenic, and renal tissues of 50 nm AuNRs injected dogs either
in acute or long-term acute toxicity studies. Additionally, histo-
pathological examination of biopsy samples collected on Day 14
after 50 nm AuNRs injection (acute toxicity study) revealed that
the architecture of renal, hepatic, and splenic tissues was simi-
lar in control and acute 50 nm AuNRs injected dogs, only some
aggregations of lymphocytes were detected within the hepatic
tissues of 50 nm AuNRs injected dogs. However, the histology
of splenic tissue of 50 nm AuNRs injected dogs showed mild
to moderate congestion when compared with control dogs.
Congestion might have resulted from the leakage of lysosomal
hydrolytic enzymes that leads to cytoplasmic degeneration and
macromolecular crowding [24]. In addition, biopsy samples col-
lected from long-term acute toxicity experiments showed some
histopathological changes. In long-term acute toxicity, the lu-
men of the renal collecting tubules showed moderate hyaline
casts, and the lining epithelium showed cloudy swelling, vacu-
olar degeneration, and sloughing of epithelial lining into the
lumen. The cloudy swelling might have been initiated as a re-
sult of disturbances of membrane function that led to a mas-
sive influx of water and Na*. An increase in intracellular water
leads to renal injury by AuNRs [25]. In a long-term acute toxic-
ity study, the liver of the 50 nm AuNRs injected group showed
signs of intralobular focal aggregation of inflammatory cells,
formed mainly of small mature lymphocytes and polymorphs,
thin fibrous tissue septae were also seen at the periphery of
the lobules, hepatocytes showed mild hydropic degeneration.
Also, the presence of lymphocytic infiltrations in both acute
and long-term acute toxicity might suggest that 50 nm AuNRs
could interact with proteins and enzymes of the hepatic tissue
and interfere with the antioxidant defense mechanism, leading
to ROS generation which in turn might initiate an inflammatory
response [26]. Similarly, AuNPs produced hepatotoxicity and
nephrotoxicity in rats and mice [9,27]. Apoptosis and inflam-
mation of liver tissue were detected in mice after i.v. injection
of 10 nm AuNPs and potentially induce long-term organ dam-
age and toxicity [28]. The mechanism by which AuNRs could in-

duce nephrotoxicity or hepatotoxicity remains unknown. ROS
produced by AuNPs might induce cellular damage by destruct-
ing the proteins, DNA, membranes, and other organelles like
mitochondria, and nucleus [29]. In contrast, some reports have
indicated that 50 nm AuNRs showed no hepatotoxicity or neph-
rotoxicity in rats [14,30], rabbits [15], and pets [16]. This differ-
ence might be due to the route of administration, duration of
exposure, or species difference.

Moreover, blood cells could be more sensitive to AuNR be-
cause it is administered intravenously. Complete blood count
indicated that i.v. injection of 50 nm AuNRs induced a significant
(P<0.05) decrease in RBCs, HCT, and HGB values at the long-
term acute toxicity level when compared with control animals.
Also, lymphocytes and granulocytes were higher (P<0.05) in
50 nm AuNRs injected dogs compared with control one. These
results may indicate that i.v. injection of 50 nm AuNRs could
induce blood hemolysis leading to a decrease in the number of
RBCs, HCT, and HGB. In accordance, AuNPs decrease the num-
ber of red blood cells, HGB, and HCT values after i.v. injection in
rats [31] and mice [32]. The CTAB-AuNRs induced blood hemo-
lysis through the Ca** pathway due to the circulating unbound
CTAB residues [33]. In contrast, hematological parameters were
not affected by i.v. injection of 10 nm AuNPs in rats [28,34].
This contradiction could be due to species differences in the
pharmacokinetics of AuNPs, or it could be due to differences in
shape, size, dose, or time of exposure to AuNPs.

Meanwhile, serum levels of total protein, globulin (in acute
and long-term acute toxicity studies and AST (in acute toxicity)
were higher (P<0.05), and creatinine level was higher (P<0.05)
in both acute and long-term-acute toxicity groups when com-
pared with the control one. Similarly, AUNPs could alter some
blood biochemical parameters in mice [35], and rats [36]. He-
patic damage is associated with the release of liver enzymes
into the circulation [37]. Also, nephrotoxicity was recorded after
i.v. injection of AgNPs in rats, this was associated with higher
values of urea, creatinine, and uric acid when compared with
the control one [38]. AuNPs are relatively difficult to biode-
grade and therefore might accumulate in organs/tissues for a
longer period or permanently and produce their hepatotoxic
and nephrotoxic effects [39], or it could be due to the toxic ef-
fect of CTAB residues in blood. On the contrary, no significant
differences in hematological or serum biochemical values were
detected after intratumoral injection of AuNPs in pets indicat-
ing the safety of using AuNRs [16], or in rats [14,34]. This dis-
crepancy may be due, in part, to different preparations, surface
coatings, and model systems, or because of the route of AuNPs
injection.

Furthermore, in the present study, i.v. injection of a single
dose of 50 nm AuNRs significantly (P<0.05) increased Caspase-3
protein expression in the spleen, and kidney in both acute and
long-term acute toxicity experiments. AuNPs toxicity might in-
crease pro-inflammatory cytokines and activation of pro-inflam-
matory cells leading to increased ROS production [40]. These
results are corroborated by previous findings [41,42]. Caspases
are responsible for the induction of apoptosis and cell death,
activation of caspase-3 was associated with the downregula-
tion of antiapoptotic genes such as bcl2 and upregulation of ap-
optotic markers including Bax and p53 genes. All these events
contribute to the development of the morphological signs of
apoptosis [41].

Furthermore, compared with the control group, i.v. injection
of 75 pg of 50 nm AuNRs/kg body weight significantly (P<0.05)
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decreased the viability of PWBCs in both acute and long-term
acute toxicity in dogs. Also, AuNRs significantly (P<0.01) in-
crease the percentages of DNA fragmentation, tail length, and
tail moment in PWBCs. These results are concomitant to previ-
ous studies in which the injection of AuNPs was genotoxic when
injected in rats [42,43]. Also, 50 nm AuNRs or AuNPs induced a
genotoxic effect when incubated with human PWBCs or in vit-
ro using different cell lines or PWBCs [44,45]. The mechanism
underlying the cytotoxic and genotoxic effects of AuNRs is still
unknown. ROS-induced oxidative DNA damage might be one
of the mechanisms by which AuNPs could produce a genoto-
xic effect. AuNPs induced their cytotoxic and genotoxic effect
through the imbalance of cellular redox by inhibition of thiore-
doxin reductase enzyme, which in turn leads to mitochondrial
dysfunction and induction of apoptosis [46]. In contrast, 50 nm
AuNPs failed to induce DNA fragmentation in cell lines in vitro
[34,47]. Lebedova et al. [11] reported that 50 nm AuNPs in-
creased cell viability of human bronchial cell lines, and it had no
genotoxic effect when compared with control. These discrepan-
cies could be due to the duration of exposure, the experimental
design (animal models or in vitro studies), doses applied, the
route of administration), and the use of different sizes and types
of AuNPs.

Conclusion

l.v. injection of 50 nm AuNRs did not elicit morphological
changes, however, it could induce histopathological, some he-
matological, and blood biochemical changes related to liver and
kidney functions and decrease in viability and increase DNA
fragmentation of PWBCs, under acute and long-term acute tox-
icity studies. Based on this profile, i.v. injection of 50 nm AuNRs
is not the proper route for administration in dogs.
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