African Journal of Biotechnology Vol. 10(73), pp. 16654-16660, 21 November, 2011

Available online at http://www.academicjournals.org/AJB
DOI: 10.5897/AJB11.1722
ISSN 1684—-5315 © 2011 Academic Journals

Full Length Research Paper

Absorption optical density as a diagnostic tool for
indicating the toxicity of gold nanoparticles

Mohamed Anwar K Abdelhalim', Mohammed S Al-Ayed’, AS Alhomida® and Sherif A.
Abdelmottaleb Moussa®

'King Saud University, College of Science, Department of Physics and Astronomy.
®King Saud University, College of Science, Department of Physics and Astronomy.
®Al-lmam Muhammad Ibn Saud Islamic University, College of Science, Physics department, P.O. Box 90950, Riyadh
11623.

Accepted 5 September, 2011

Nanotechnology has recently emerged as a promising approach for treatment and diagnosis of a
variety of diseases. The aim of this study was to evaluate the blood absorption spectra to assess
bioaccumulation and toxic effects of 100 pul of 10 and 50 nm gold nanoparticles (GNPs) upon
intraperitoneal administration in rats for periods of three and seven days. Healthy 30 male Wistar-Kyoto
rats were individually caged and divided into control group (NG: n = 10), group 1 (A: infusion of 10 nm
GNPs for three days; n = 5; B: infusion of 10 nm GNPs for seven days; n = 5) and group 2 (A: infusion of
50 nm GNPs for three days; n = 5; B: infusion of 50 nm GNPs for seven days; n = 5). Dose of 100 pl of 10
and 50 nm GNPs were administered intraperitonealy to the animals. The blood absorbance peaks for
G1A, G1B, G2A and G2B significantly decreased compared with the control. The blood absorbance
peaks for G1A significantly decreased compared with G1B; and G2A significantly decreased compared
with G2B. This implies that G1A is highly reactive than G1B, and G2A is highly reactive than G2B. A
significant decrease (p<0.05) in all blood absorbance peaks observed by the administration of 10 and 50
nm GNPs for periods of three and seven days compared with the control. For the same GNPs size, the
accumulation of GNPs in the blood after the administration of GNPs for three days was greater than that
for seven days. In addition to non-significant blood absorbance peak differences were observed with
the different GNP sizes for the same period of administration of GNPs. This study suggests that the 10
nm GNPs are mostly up taken and accumulated by tissues which support the toxic effects of the
smaller GNPs by tissues. However, the 50 nm GNPs are and highly accumulated in blood, suggesting
the toxic effects of the larger GNPs by blood. Thus, the absorption optical density can be considered as
a diagnostic tool indicating the bioaccumulation and toxicity effects of GNPs in the tissues of rats.
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INTRODUCTION

There has recently been a great deal of interest in the
scientific community concerning the application of
nanotechnology in medicine. One particular exciting field
of research involves the use of (GNPs) in the detection
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and treatment of cancer cells. Current methods of cancer
diagnosis and treatment are costly and can be very
harmful to the body.

GNPs, however, offer an inexpensive route to targeting
only cancerous cells, leaving healthy cells untouched
(Caruthers et al., 2007). GNPs of small sizes could get
close to a biological target. Metallic nanoparticles (NPs)
can be made to resonantly respond to a time-varying
magnetic field with the transfer of energy to the particles



(Pellequer and Lamprecht, 2009; Liu, 2006). This leads to
the use of GNPs as a hyperthermic agent, thereby
delivering toxic amounts of thermalenergy to targeted
bodies such as tumors (Garg et al., 2008; McNeil, 2005;
Rosi and Mirkin, 2005; Shrestha et al., 2006).

It has been reported that GNPS is particle size-
dependent organ distributed in vivo (Kamat, 2002;
Shipway et al., 2000; Kuwahara et al., 2001; Mirkin et al.,
1996; Huber et al., 2004). The orally administrated GNPs
appeared in various tissues in mice and the amount of
absorption and distribution in the body inversely
correlated with the size of the particles (Lasagna-Reeves
et al.,, 2010). NPs of small sizes induce physical and
chemical properties that are very different from those of
the same material in the bulk form, indicating 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; Zharov
et al., 2006; Hirsch et al., 2003).

The most widely used method for characterizing the
optical properties and electronic structure of NPs are
related to the diameter and aspect ratio of metal NPs.
Solutions of colloidal GNPs have a distinctive red colour,
which arises from their tiny dimensions. At nanometer
dimensions, the electron cloud can oscillate on the
particle surface and absorb electromagnetic radiation at a
particular energy. The changes in the UV-Visible spectra
of the resultant colloids were measured to study the size
effect of metal nanoparticles on the surface plasmon
resonance. It is known that GNPs exhibit a strong surface
plasmon band, which have been widely investigated, but
studies on the photoluminescence from GNPs are scarce
(Shim and Gupta, 2007).

Currently, there is no data available regarding the
absorption spectra as an important diagnostic tool for
bioaccumulation of the smaller GNPs by tissues of rats in
vivo after repeated administration. In an attempt to cover
and understand the bioaccumulation, toxicity and their
potential therapeutic and diagnostic use, the absorption
spectra of 100 pl/day dose (10 and 50 nm GNPs upon
intraperitoneal administration in rats for three and seven
days) were evaluated.

MATERIALS AND METHODS
GNPs size

This study was conducted in College of Science, king Saud
University, Saudi Arabia in 2011. The 10 and 50 nm GNPs (M K
Impex Corp; Divn MK nano, CANADA) was dissolved in aqueous
solution of 0.01% concentration. The mean sizes and morphology
were calculated from the images taken by the transmission electron
microscope (TEM) in addition to assess the high electron densities
of GNPsas well as the homogeneity of the particles shape and size.
30 healthy male Wistar-Kyoto rats were obtained from the
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Laboratory Animal Center (College of Pharmacy, King Saud
University). Eight to 12 weeks old rats (approximately 250 g body
weight) were housed in pairs in humidity and temperature-controlled
ventilated cages on a 12 h day/night cycle. A rodent diet and water
were provided. In this study, 30 rats were individually caged and
divided into the control group (NG: n = 10), group 1 (A: infusion of
10 nm GNPs for three days; n = 5; B: infusion of 10 nm GNPs for
seven days; n = 5) and group 2 (A: infusion of 50 nm GNPs for
three days; n = 5; B: infusion of 50 nm GNPs for seven days; n = 5).
Dose of 100 pl of 10 and 50 nm GNPs dissolved in aqueous
solution were administered intraperitoneal to the animals. The rats
were anesthetized by inhalation of 5% isoflurane until muscular
tonus was relaxed. All the experiments were conducted in
accordance with the guidelines approved by King Saud University
Local Animal Care and Use Committee.

UV-visible spectroscopy (absorption spectra measurement)

The blood absorption spectra of rats infused with 10 and 50 nm
GNPs for three and seven days were measured by UV-VIS double
beam spectrophotometer (type UV-1601 PC, Shimadzu, Japan;
H14 granting UV) through shortwave NIR with optical resolution of
0.4 nm. The absorbance measurements were made over the
wavelength range of 200 to 800 nm at room temperature using 1
cm path length quartz cuvettes. The cuvettes were cleaned before
each use by sonicating them for 5 min in deionized water and then
rinsing with deionized water. The pH values for the different GNP
samples were constant during the measurements.

Statistical analysis

To assess the significance differences between the control group
and the other two groups (G1: 10 nm and G2: 50 nm; A: infusion of
100 pl GNPs for 3 days; B: infusion of 100 ul GNPs for 7 days), the
statistical analysis was performed using one-way analysis of
variance (ANOVA) for repeated measurements with significance
assessed at 5% confidence level.

RESULTS AND DISCUSSION
UV-visible spectroscopy

Figures1 to 5 show five peaks for the blood which
zcharacterizes the hemoglobin (Hb) macromolecule. The
1st peak observed at 280 nm corresponds to the
aromatic amino acids, the 2nd peak observed at 340 nm
corresponds to globin-heme interaction, the 3rd peak
observed at 420 nm corresponds to the heme, the 4th
peak observed at 540 nm corresponds to the heme-heme
interaction and the 5th peak observed at 578 nm
corresponds to the hemoglobin oxygen affinity. These
reviews (Dacie and Lewis, 1991; Khalifa, 1992) are in
support of our results.

After the administration of 10 nm GNPs for three and
seven days, blood absorbance peaks for G1A and G1B
were significantly decreased and shifted towards the UV
wavelength compared with the control as shown in
Figures 1 and 2 indicating that the decrease in absor-
bance may be attributed to changes in aliphatic and
aromatic amino acids, globin-heme and heme-heme
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Figure 1. UV-visible absorption spectra for the blood of rats after administration of
10 nm GNPs for three and seven days.
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Figure 2. UV-visible absorption spectra for the blood of rats after administration of 50 nm
GNPs for three and seven days.
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Figure 3. UV-visible absorption spectra for the blood of rats after administration of 10 and 50 nm
GNPs for three days.
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Figure 4. UV-visible absorption spectra for the blood of rats after administration of 10 and
50 nm GNPs for seven days.
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Figure 5. UV-visible absorption spectra for the blood of rats after the administration of

10 and 50 nm GNPs for three and seven days.

interaction bands associated with the accumulation of
GNPs in the blood. The blood absorbance peaks for G1A
significantly decreased compared with G1B as shown in
Figure 1. The blood absorbance peaks for significantly
decreased compared with G2B shown in Figure 2. This
implies that G1A is highly reactive than G1B, and G2A is
highly reactive than G2B. These results demonstrate that
for the same GNPs size, the accumulation of GNPs in the
blood after the administration of GNPs for three days was
greater than that for sevendays; for the same GNPs size,
the decrease in the blood absorbance peaks were highly
administration of GNPs period dependent rather than
GNPs size. Moreover, the administration of 10 and 50 nm
GNPs induced significant decrease in blood absorbance
peaks.

The conformational substrates of Hb molecule
appeared from its normal absorption spectrum, indicating
the stabilization optical density of Hb as a macro-
molecule. Thus, any change in the characteristic absor-
ption spectrum of Hb reflects the changes in the spin
state of iron heme. Absorbance of this spin state band
gives a clear report about heme-heme interaction and
consequently its affinity to O, and its delivery to tissue
(Dacie and Lewis, 1991; Khalifa, 1992). Proteins are
dynamic systems and their motions are essential to their
function. A decrease in the absorbance at 280 nm, as an
indication of this abnormal motion, reflects its deviation
from a normal structure and function, depending on the
degree of globin unfolding and random motion of the Hb
molecule under the different degrees of oxidative stress.

Elevation in the half soret band width and shifting towards
shorter wavelength indicate the stretching of iron and
nitrogen bonds in prophyrin ring and the imbalance
between protein and heme in the Hb molecule (Khalifa,
1992). Figure 3 shows the UV-visible absorption spectra
for the blood of rats after administration of 10 and 50 nm
GNPs for three days. Figure 4 shows UV-visible absor-
ption spectra for the blood of rats after administration of
10 and 50 nm GNPs for seven days. A significant
decrease (p<0.05) in all blood absorbance peaks was
observed by the administration of 10 and 50 nm GNPs for
periods of three or seven days compared with the
control as shown in Figures 3 and 4. Figure 3 indicates
that very low non significance differences were observed
for G1A and G2A, while Figure 4 indicates that very low
non significance differences were observed for G2A and
G2B. These results demonstrate a significant decrease in
blood absorbance peaks with the administration of 10
and 50 nm GNPs in addition to no significant differences
for the accumulation of GNPs in the blood after the admi-
nistration of 10 and 50 nm GNPs for three or seven days.

Figure 5 shows UV-visible absorption spectra for the
blood of rats after the administration of 10 and 50 nm
GNPs for three and seven days. A significant decrease
(p<0.05) in all blood absorbance peaks was observed by
the administration of 10 and 50 nm GNPs for periods of
three or seven days compared with the control, in
addition to non-significant blood absorbance peak,
differences were observed with the different GNP sizes
for the same period of administration of GNPs.



This study demonstrates that the absorption spectra of
GNPs are highly GNPs size dependent rather than
administration period and accompanied with the high
accumulation of 50 nm GNPs in the blood after three
days.

The marked decrease in absorbance may be attributed
to the high accumulation of GNPs in the blood,
suggesting that the toxic effects of the larger GNPs may
be induced in the blood. However, the toxic effects of the
smaller GNPs may be induced in the tissues.

It has been reported that increased uptake into certain
tissues may lead to accumulation, where they may
interfere with critical biological functions. The rate of
exocytosis of GNPs was size dependent with more
accumulation of larger GNPs in the cell. Absorbed NPs
within the systemic circulation can be excreted through
various routes. A possible elimination route for NPs 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).

This study demonstrates that the physical and chemical
properties as well as the applications of NPs are highly
administration period dependent rather than particle size,
number of NPs and shape dependent.The 10 nm GNPs
may be taken up faster and more intensively than the
other sizes by macrophages of the liver and disappear
thereafter.

NPs for therapy need to have a long retention time for
targeting and therapy. However, a long retention time can
evoke the toxic effects in vivo. Thus, the clearance rate
and route of nanomaterials is an important issue
(Ramanujam et al., 1999; Kehoe et al., 1988).

Abdelhalim and Jarrar (2011) reported that hepatocytes
exhibited cloudy swelling with pale cytoplasm and poorly
delineated and displaced nuclei in all GNPs treated rats.
This ballooning degeneration was more prominent with
100 pl dose than 50 pl and with 10 nm size particles than
50 nm larger ones (Abdelhalim and Jarrar, 2011). This
swelling may occur as a result of disturbances of
membranes function that lead to massive influx of water
and Na* due to GNPS effects. Cellular swelling might be
accompanied by leakage of lysosomal hydrolytic
enzymes that lead to cytoplasmic degeneration and
macromolecular crowding (Lasagna-Reeves et al., 2010;
Abdelhalim and Jarrar, 2011; Cho et al., 2009).

A previous study demonstrated that in all organs
studied, there was a significant increase in gold levels
after treatment, which was proportional to the dose
administered. However, the levels of gold in blood did not
increase in proportion to the dose, indicating that GNPs
are mostly uptaken and accumulated by tissues (Cho et
al., 2009). The accumulation of 12.5 nm GNPs in kidney
could be explained by the bigger size of the particle with
respect to the glomerular pores that measure 5.5 nm. So,
it is unlikely that NPs can pass through the glomerular
filtration due to its size and negative electrostatic
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potential (Longmire et al., 2008). In the spleen and liver,
the bioaccumulation of GNPs may be regulated by the
reticulo-endothelial system, which is part of the immune
system involved in the uptake and metabolism of
exogenous molecules and particles in these tissues. In
addition, it is also known that NPs are taken up by kupffer
cells in the liver and by macrophages in other places,
regardless of the particle size (Sadauskas et al., 2007).

Conclusions

The blood absorbance peaks for G1A, G1B, G2A and
G2B significantly decreased compared with the control.
G1A is highly reactive than G1B, and G2A is highly
reactive than G2B. A significant decrease in all blood
absorbance peaks were observed by the administration
of 10 and 50 nm GNPs for periods of three or seven days
compared with the control. For the same GNPs size, the
accumulation of GNPs in blood after the administration of
GNPs for three days was greater than that for seven
days. In addition to non-significant blood absorbance
peak, differences were observed with the different GNP
sizes for the same period of administration of GNPs. This
study demonstrates that the blood absorption spectra
for the same size of GNPs are highly administration
period dependent rather than particle size dependent.
The 10 nm GNPs is mostly up taken and accumulated by
tissues which support the toxic effects of the smaller
GNPs by tissues. However, the 50 nm GNPs were mostly
and highly accumulated in the blood, suggesting the toxic
effects of the larger GNPs by blood. Thus, the absorption
optical density can be considered as a diagnostic tool for
investigating the bioaccumulation and toxicity effects of
GNPs in the tissues of rats. Further additional histological
experiments are required to document bioaccumulation
and toxic effects of the smaller GNPs by tissues.

ACKNOWLEDGEMENTS

The authors are very grateful to the National Plan of
Science and Technology (NPST). This research was
financially supported by the National Science and
Technology Innovation Plan (NSTIP) (Research No. 08-
ADV206-02 and 09-NAN670-02), College of Science,
King Saud University, Saudi Arabia.

REFERENCES

Abdelhalim MAK, Jarrar BM (2011). Gold nanoparticles administration
induced prominent inflammatory, central vein intima disruption, fatty
change and Kupffer cells hyperplasia. Lipids Health Dis. 10: p. 133.

Caruthers SD, Wickline SA, Lanza GM (2007). Nanotechnological
applications inmedicine, Curr. Opin. Biotechnol., 18: 26-30.

Cho WS, Cho M, Jeong J, Choi M, Cho HY et al., (2009). Acute
toxicity and pharmacokinetics of 13 nm-sizedPEG-coated gold
nanoparticles, Toxicol. Appl. Pharmacol., 236: 16-24.



16660 Afr. J. Biotechnol.

Dacie JV, Lewis SM (1991). Recognition and Measurement of Abnormal
Hb Pigments. In: Practical Hematology.

El-Sayed IH, Huang X, El-Sayed MA, 2006. Selective laser photo-
thermal therapy ofepithelial carcinoma using anti-EGFR antibody
conjugated gold nanoparticles. Cancer Lett., 239: 129-135.

Garg J, Poudel B, Chiesa M, Gordon JB, Ma JJ, Wang JB, Ren ZF,
Hang YT, Ohtani H, Nanda J, Mckinley GH, Chen G (2008).
Enhanced thermal conductivity and viscosity of copper nanoparticles
in ethylene glycol nanofluid. J. Appl. Phys., 103: 074301.

Hirsch LR, Stafford RJ, Bankson JA, Sershen SR, Rivera B et al.
(2003). Nanoshell-mediated near-infrared thermal therapyof tumors
under magnetic resonance guidance, Proc. Natl. Acad. Sci. USA,
100: 13549-13554.

Huber M, Wei TF, Muller UR, Lefebvre PA, Marla SS YP, Bao YP
(2004). Gold nanoparticle probe-based gene expression analysis with
unamplified total human RNA. Nucleic Acids Res., 32: e137-e145.

Kamat PV (2002). Photochemical and photocatalytic aspects of metal
nanoparticles. J. Phys. Chem., B 106: 7729-7744.

Kehoe DF, Sullivan DM, Smith RL (1988). Determination of gold in
animal tissue bygraphite furnace atomic absorption
spectrophotometry, J. Assoc. Anal. Chem., 71: 1153-1155.

Khalifa AS (1992). Physicochemical structure of Hb in B thalassemia.
Egypt. Soc. Hematol., 15: 10-16.

Kogan MJ, Olmedo I, Hosta L, Guerrero AR, Cruz LJ, Albericio F
(2007). Peptidesand metallic nanoparticles for biomedical
applications. Nanomedicine, 2: 287-306.

Kuwahara Y, Akiyama T, Yamada S (2001). Construction of gold
nanoparticle-ruthenium  (Il)  tris(2,2"-bipyridine)  self-assembled
multistructures and their photocurrent responses. Thin Solid Films,
393: 273 —277. DOI: 10.1016/S0040-6090(01)01085-9

Lasagna-Reeves C, Gonzalez-Romero D, Barria MA, Olmedo |, Clos A,
Sadagopa Ramanujam VM, Urayama A, Vergara L, Kogan MJ, Soto
C (2010). Bioaccumulation and toxicity of gold nanoparticles after
repeatedadministration in mice. Biochem. Biophys. Res. Commun.
393: 649-655

Liu WT (2006). Nanoparticles and their biological and environmental
applications. J. Biosci. Bioeng., 102: 1-7.

Liu X, Atwater M, Wang J, Huo Q (2007). Extinction coefficient of
gold nanoparticleswith different sizes and different capping ligands.
Colloids Surf. B Biointerfaces, 58: 3-7.

Longmire M, Choyke PL, Kobayashi H (2008). Clearance properties of
nano-sizedparticles and molecules as imaging agents: considerations
and caveats. Nanomedicine, 3: 703-717.

McNeil SE (2005). Nanotechnology for the biologist. J. Leukoc. Biol.,
78: 585-594.

Mirkin CA, Letsinger RL, Mucic RC, Storhoff JJ (1996). A DNA-based
method for rationally assembling nanoparticles into macroscopic
materials. Nature, 382: 607-609.

Pearse AGE (1985). Histochemistry: Theoritical and Applied. 4th Edn.,
Churchill-Livingstone, Edinburgh, UK., ISBN-13: 978-0443029974,
pages: 1-631.

Pellequer Y, Lamprecht A (2009). Nanoscale Cancer Therapeutics. In
A. Lamprecht A (Ed.), Nanotherapeutics: Drug delivery concepts in
nanoscience (pp. 93-124). Chicago: Pan Stanford Publishing.

Ramanujam VM, Yokoi K, Egger NG, Dayal HH, Alcock NW, Sandstead
HH (1999). Polyatomics in zinc isotope ratio analysis of plasma
samples byinductively coupled plasma-mass spectrometry and
applicability ofnonextracted samples for zinc kinetics. Biol. Trace
Elem. Res. 68: 143-

Rosi NL, Mirkin CA (2005). Nanostructures in biodiagnostics. Chem.
Rev., 105: 1547-1562.

Sadauskas E, Wallin H, Stoltenberg M, Vogel U, Doering P, Larsen A,
Danscher G (2007). Kupffer cells are central in the removal of
nanoparticles from theorganism, Part Fibre. Toxicol., 4: p. 10.

Shim JY, Gupta VK (2007). Reversible aggregation of gold
nanoparticles induced bypH dependent conformational transitions of
a self-assembled polypeptide, J. Colloid Interface Sci., 316: 977-983.

Shipway AN, Eugenii K, Itamar W (2000). Nanoparticle Arrays on
Surfaces for electronic, optical and sensor applications. Phys. Chem.,
1:18-52.

Shrestha S, Yeung C, Nunnerley C, Tsang S (2006). Comparison of
morphology and electrical conductivity of various thin films containing
nano-crystalline praseodymium oxide particles. Sens Actuators A:
Phys., 136: 191-198.

Zharov VP, Mercer KE, Galitovskaya EN, Smeltzer MS (20086).
Photothermalnanotherapeutics and nanodiagnostics for selective
killing of bacteriatargeted with gold nanoparticles. Biophys. J., 90:
619-627.



