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It is essential to characterize the bioaccumulation and toxicity of gold nanoparticles (GNPs) in blood
prior to using them in drug delivery, diagnostics, and treatment. The aim of the present study was to
evaluate the blood absorbance spectra after intraperitoneal administration of 50 pl of 10, 20, and 50 nm
GNPs in rat for periods of 3 and 7 days to assess their bioaccumulation and toxic effects. Healthy, male
Wistar-Kyoto rats, 8 to 12 weeks old (approximately 250 g body weight) were used. 40 rats were divided
into four groups; a control group and three test groups (each group was composed of 10 rats); control
group (NG: n = 10), test group 1 (G1) (A: infusion of 20 nm GNPs for 3 days; n = 5; B: infusion of 20 hm
GNPs for 7 days; n =5), test group 2 (G2) (A: infusion of 10 nm GNPs for 3 days; n = 5; B: infusion of 10
nm GNPs for 7 days; n = 5) and test group 3 (G3) (A: infusion of 50 nm GNPs for 3 days; n = 5; B:
infusion of 50 nm GNPs for 7 days; n = 5). Doses consisting of 50 ul of 10, 20, and 50 nm GNPs
dissolved in aqueous solution were administered to the animals via intraperitoneal administration every
day for 3 and 7 days. The blood absorbance spectra were obtained using an ultraviolet-visible (UV-VIS)
double beam spectrophotometer. Five peaks were observed for normal blood, characteristic of
hemoglobin (Hb) macromolecules. After administration of GNPs, absorbance peaks for G1A and G1B
decreased significantly and shifted towards the UV compared with the control. The G1A peak decreased
significantly compared to G1B. The G2A and G2B peaks also shifted towards the UV compared with the
control. All peaks for G2A increased with no significant changes compared with the control while those
for G2B decreased significantly. We observed a marked decrease in absorbance for all G3A and G3B
peaks and a shifting towards the UV compared with the control. The absorbance peaks for G3A
decreased significantly compared with G3B. This study suggests that the decrease in absorbance
observed in G1A, G1B, G2A, G3A, and G3B might be attributed to changes in aliphatic and aromatic
amino acids, globin-heme, and heme-heme interaction bands. This study demonstrates that as GNP
size increases (for example, a decrease in number of GNPs), the absorbance peaks decreased in
intensity and shifted towards the UV. The smaller (10 and 20 nm) GNPs demonstrated a smaller
decrease in blood absorbance while the larger (50 nm) GNPs indicated a larger decrease in absorbance
spectra relative to control. This study also implies that the blood absorbance spectra are particle size
and exposure duration dependent, and that UV-visible spectroscopy may be used as a diagnostic for
bioaccumulation and toxicity of GNPs in blood. Our results further suggest that the smaller decrease in
blood absorbance spectra might indicate that smaller GNPs are mostly taken up and accumulate in
tissues, suggesting toxic effects may be induced by smaller GNPs. These conclusions are further
supported by histological observations that suggest toxic effects are induced by smaller GNPs
deposited in tissue.
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INTRODUCTION

The use of gold nanopatrticles (GNPs) for detecting and
treating cancer is a new and exciting field of research.
Current methods of cancer diagnosis and treatment are
costly and can be harmful to the body. GNPs, however,
offer an inexpensive route to targeting cancerous cells
(Caruthers et al., 2007).

GNPs are particularly promising since they are
relatively easy to produce in various shapes and can be
conjugated with peptides/proteins for targeting to specific
molecules (Liu, 2006). In addition, GNPs undergo
plasmon resonance when excited by light (Pellequer and
Lamprecht, 2009), whereby the gold electrons resonate
in response to incoming radiation, causing them to both
absorb and scatter light. This effect can be harnessed to
either destroy tissue by local heating or to release
molecules of therapeutic importance.

The small size of GNPs implies that they could get
close to a biological target of interest. Metallic GNPs can
resonate in response to a time-varying magnetic field,
which has certain advantages related to particle energy
transfer (Pellequer and Lamprecht, 2009; Garg et al.,
2008; McNeil, 2005; Rosi and Mirkin, 2005; Shrestha et
al., 2006). The particle size-dependent distribution of
GNPs by organ has been studied in vivo (Kamat, 2002;
Shipway et al., 2000; Kuwahara et al., 2001; Mirkin et al.,
1996; Huber et al., 2004). Orally administrated GNPs
appeared in various tissues in mice and the absorbance
and distribution was inversely correlated with particle size
(Kamat, 2002). The small size of GNPs results in physical
and chemical properties that are very different from those
of the same material in the bulk form. These properties
include a large surface to volume ratio, enhanced or
hindered particle aggregation depending on the type of
surface modification, enhanced photoemission, high
electrical and heat conductivity, and improved surface
catalytic activity (Kogan et al., 2007; El-Sayed et al.,
2006; Kogan et al., 2006; Zharov et al., 2006; Hirsch et
al., 2003).

Ultraviolet-visible (UV-visible) absorbance spectro-
scopy is widely used for characterizing the optical
properties and electronic structure of GNPs because
absorbance bands are related to the diameter and aspect
ratio of NP metals. Solutions of colloidal GNPs have a
distinctive red color, which arises from their tiny
dimensions. At nanometer dimensions, the electron cloud
can oscillate on the particle surface and absorb electro-
magnetic radiation at a particular energy. The changes in
the UV-visible spectra of the resultant colloids can be
measured to study the size effect of metal NPs on the
surface plasmon resonance. GNPs exhibit a strong
surface plasmon band (SBP), which has been widely
investigated (Shim and Gupta, 2007).

There is little in vivo data available regarding absor-
bance spectra as a diagnostic tool for bioaccumulation of
GNPs in blood or tissue. To explore the potential role of

GNPs in therapeutic and diagnostic applications, we
evaluated the absorbance of different GNPs following
intraperitoneal administration in rat for 3 and 7 days. We
also examined tissue toxicity of smaller GNPs by
histological methods.

MATERIALS AND METHODS
GNP size

GNPs of different sizes (10, 20, and 50 nm; MKN-Au-010, MKN-Au-
020 and MKN-Au-050, respectively), at a concentration of 0.01%,
were purchased from Supplier X. The mean size and morphology of
GNPs were evaluated using transmission electron microscopy
(TEM).

Animals

Healthy, male Wistar-Kyoto rats were obtained from the Laboratory
Animal Center (College of Pharmacy, King Saud University). Rats
were 8 to 12 weeks old (approximately 250 g body weight) and
were housed in pairs in humidity and temperature-controlled
ventilated cages on a 12 h day/night cycle. 40 rats were divided into
a control group (NG: n = 10), group 1 (G1) (A: infusion of 20 nm
GNPs for 3 days; n = 5; B: 20 nm GNPs for 7 days; n = 5), group 2
(G2) (A: 10 nm GNPs for 3 days; n =5; B: 10 nm GNPs for 7 days;
n =5) and group 3 (G3) (A: 50 nm GNPs for 3 days; n =5; B: 50 nm
GNPs for 7 days; n = 5). Doses were 50 ul of 10, 20 and 50 nm
GNPs dissolved in aqueous solution, and were administered via
intraperitoneal administration every day for 3 and 7 days. The rats
were anesthetized by inhalation of 5% isoflurane until they exhibited
relaxed muscular tonus. Blood samples (~1 ml) was obtained from
each rat and added to 0.8 ml of heparin to prevent blood
coagulation. Liver tissue was collected from each rat. All
experiments were conducted in accordance with the guidelines
approved by the King Saud University Local Animal Care and Use
Committee.

UV-visible spectroscopy
Absorbance spectrum measurement

Rat blood absorbance infused with 10, 20 and 50 nm GNPs for 3
and 7 days was measured using a UV-VIS double beam spectro-
photometer (UV-1601 PC, Shimadzu, Japan; H14 grating UV)
through shortwave NIR with optical resolution of 0.4 nm.
Absorbance measurements were obtained over 200 to 800 nm at
room temperature using quartz cuvettes (1 cm path length). The
cuvettes were cleaned before each use by sonicating for 5 min in
deionized water followed by rinsing with deionized water. The pH
for different GNP samples was kept constant during the
measurements.

Histopathological examination

Animals were weighted and examined daily for health and
behavioral changes following GNP administration. To evaluate
morphological changes, lateral lobe samples from liver were cut
rapidly, fixed in neutral buffered formalin (10%), and dehydrated
through a series ethanol grades (70, 80, 90, 95 and 100%).
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Figure 1. UV-visible absorbance spectra after intraperitoneal administration of 20 nm GNPs for 3 and 7 days.

Samples were then cleared in 2 changes of xylene, impregnated
with 2 changes of molten paraffin wax, embedded and blocked.
Paraffin sections (4 to 5 um) were stained with hematoxylin and
eosin according to Pearse (1985). Stained sections were examined
for hepatocytes and cloudy swelling (ballooning degeneration).

Statistical analysis

To assess the significance of differences between control and the 6
test groups (G1: 20 nm; G2: 10 nm; G3: 50 nm; A: infusion of 50 pl
GNPs for 3 days; B: infusion of 50 pl GNPs for 7 days), statistical
analysis was performed using one-way analysis of variance
(ANOVA) for repeated measurements. Significance was assessed
at a 5% confidence level.

RESULTS AND DISCUSSION
Size and morphology of GNPs

The 10 and 20 nm GNPs appeared to have a spherical
morphology, whereas the 50 nm GNPs exhibited a
hexagonal morphology. The 10, 20, and 50 nm GNPs
demonstrate good particle size distribution. The mean
size for these GNPs was calculated from the images
taken by the transmission electron microscope (TEM).
The mean size for 10 nm GNPs was 9.45+1.33 nm, for

20 nm GNPs it was 20.18+1.80 nm, and for 50 nm GNPs,
it was 50.73+£3.58 nm.

UV-visible spectroscopy

Five hemoglobin (Hb) peaks are characteristic of normal
blood (Figure 1). The peak at 280 nm corresponded to
the aromatic amino acids, the peak at 340 nm
corresponded to globin-heme interaction, the peak at 420
nm corresponded to the heme, the peak at 540 nm
corresponded to heme-heme interactions, and the peak
at 578 nm corresponded to hemoglobin oxygen affinity
(Dacie and Lewis, 1991; Khalifa, 1992).

Following GNP administration, the G1A and G1B peaks
decreased significantly and shifted towards the UV,
compared with the control. The decrease in absorbance
may be attributed to changes in Hb. The absorbance for
G1A decreased significantly compared with G1B (Figure
1). The 20 nm GNP absorbance spectra appeared to be
exposure duration dependent (Figure 1).

The conformational substrates of Hb appeared normal,
indicating stabilization of the conformational substrates.
Any change in the Hb absorbance characteristics reflects
changes in the heme iron spin state. The spin state
absorbance band gives a clear indication regarding
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Figure 2. UV-visible absorbance spectra after intraperitoneal administration of 10 nm GNPs for 3 and 7 days.

heme-heme interactions and its affinity for O,, and
consequently, its delivery to tissue (Dacie and Lewis,
1991; Khalifa, 1992).

The absorbance for G2A and G2B underwent a UV-
shift compared with the control (Figure 2). All G2A peaks
increase in absorbance, with no significant changes
compared to control, while the G2B peaks decreased
significantly. The 10 nm GNP absorbance spectra are
exposure duration dependent (Figure 2).

Proteins are dynamic and motion is essential to their
function. A decrease in the absorbance at 280 nm is an
indication of abnormal motion, and reflects a deviation
from normal structure and function. The extent of
deviation reflects the degree of globin unfolding and
random motion of the Hb molecule under different levels
of oxidative stress (Jetsrisuparb et al., 2006). Elevation in
the half Soret band width and the shift towards shorter
wavelengths indicate the stretching of iron and nitrogen
bonds in the prophyrin ring and an imbalance between
protein and heme in the Hb molecule (Khalifa, 1992).

The G3A and G3B spectra show a marked decrease in
absorbance for all peaks and a UV shift compared with
the control (Figure 3). The absorbance peaks for G3A
decreased significantly compared with G3B. This result
suggests that the decreased absorbance is particle size
dependent and associated with low exposure to GNPs.

Previous studies indicated that increased uptake of
GNPs into certain tissues may interfere with the critical
biological functions. The exocytosis rate of GNPs was
size dependent, with more cellular accumulation of larger
GNPs (Kogan et al., 2006). Figure 4 shows that the
primary peaks for G1A, G2A and G3A shifted towards the
UV compared with the control. G1A and G3A absorbance
decreased compared with the control, while G2A
absorbance increased. G1B, G2B, and G3B absorbance
decreased and underwent a UV shift compared to the
control (Figure 5). These results demonstrate that as
GNP size increases, that is, when there was decease in
the number of NPs, the blood absorbance decreases and
shifted towards the UV. In addition, absorbance is particle
size and exposure duration dependent.

GNPs absorbed within the systemic circulation can be
excreted through various routes. One possible elimination
route for GNPs could be renal and biliary clearance.
Renal clearance of solid nano-sized materials was
affected by particle size and surface charge (Ramanujam
et al.,, 1999; Liu et al., 2007). GNPs for therapeutic
applications need to have a long retention time for
targeting and therapy. However, a long retention time can
evoke toxic effects in vivo. Thus, the clearance rate and
route of nanomaterials is an important issue (Ramanujam
et al., 1999; Kehoe et al., 1988).
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Figure 3. UV-visible absorbance spectra after intraperitoneal administration of 50 nm GNPs for 3 and 7 days.
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Figure 4. UV-Visible absorbance spectra after administration of 10, 20, and 50 nm GNPs for 3 days.
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Figure 5. UV-Visible absorbance spectra after the intraperitoneal administration of 10, 20 and 50 nm GNPs for 7 days.

Histological studies

Hepatocytes exhibited cloudy swelling accompanied by
leakage of lysosomal hydrolytic enzymes, which resulted
in cytoplasmic degeneration and macromolecular
crowding, and ballooning degeneration (Figure 6). These
changes were more prominent with 10 nm size particles
than with larger ones. This may be the result of distur-
bances in membrane function, leading to water and Na+
influx (Cho et al., 2009; Abdelhalim and Jarrar, 2011,
Lasagna-Reeves et al., 2010). Cho et al. (2009) demon-
strated that after a single intravenous injection of 13 nm
GNPs, gold was found in various organs just 3 and 7
days after injection. However, blood gold levels did not
increase in proportion to the dose, indicating that GNPs
were taken up and accumulated in tissues.

The accumulation of 12.5 nm GNPs in kidney could be
explained by the particle size relative to glomerular pores
size, which measures 5.5 nm. This size differential and
negative electrostatic potential makes it unlikely that
GNPs can pass through the glomerular filtration
(Longmire et al., 2008).

In the spleen and liver, the bioaccumulation of GNPs
may be regulated by the reticuloendothelial system,
which is part of the immune system involved in the
uptake and metabolism of exogenous molecules and
particles. In addition, GNPs are taken up by kupffer cells
in the liver and by macrophages in other tissues

(Abdelhalim and Jarrar, 2011), regardless of the particle
size (Sadauskas et al., 2007). Abdelhalim and Jarrar,
2011 have reported that the appearance of renal cells
cytoplasmic degeneration and nuclear destruction might
be an indication of GNPs toxicity.

Conclusion

The aim of the present study was to assess the bioaccu-
mulation and toxicity of GNPs following intraperitoneal
administration in rat. Blood absorbance spectra of 10, 20,
and 50 nm GNPs at 3 and 7 days were evaluated. Five
peaks characterize hemoglobin (Hb) in normal blood. The
absorbance for all G1A and G1B peaks decreased
significantly and shifted towards the UV compared with
the control. The G1A absorbance peaks decreased
significantly compared with the G1B peaks.

Our results indicate that as GNP size increases (that is,
decease in number of GNPs), absorbance peaks
decrease and shifted towards the UV. The data indicates
that the smaller (10 and 20 nm) GNPs result in a smaller
decrease in absorbance while the larger (50 nm) GNPs
result in a larger decrease in absorbance. Absorbance
spectra are particle size and exposure duration depen-
dent. In addition, UV-visible absorbance can be used as
an important diagnostic tool for GNP bioaccumulation
and toxicity in blood.
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Figure 6. Photomicrograph of hematoxylin and eosin-stained hepatocytes for observing cloudy swelling.

This study suggests that the absorbance decrease
observed in all peaks (G1A, G1B, G2A, G3A and G3B)
may be attributed to changes in aliphatic and aromatic
amino acids, globin-heme and heme-heme interactions.
The data also suggests that the less intense absorbance
spectra might be indicative of smaller GNPs. Smaller
GNPs are more likely to be taken up and accumulate in
tissues, resulting in toxic effects. These conclusions were
supported by histological investigations that visualized
the toxic effects of the smaller GNPs in tissues.
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