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ABSTRACT

In study the evaluation of the influence of gold nanorods on morphological indicators of red bone marrow and peripheral
blood of rats with diabetes and transplanted liver tumor after intravenous administration of gold nanorods was
conducted. We used gold nanorods with length 41 + 8 nm and diameter of 10.2+2 nm, synthesized in the laboratory of
nanobiotechnology IBPPM RAS (Saratov). After intravenous administration of gold nanorods the decrease of
leukocytes, platelets and lymphocytes was observed in animals of control group in blood. It was marked the decrease of
the number of mature cellular elements of the leukocyte germ in bone marrow - stab neutrophils and segmented
leukocytes, and the increase of immature elements- metamyelocytes, indicating the activation of leukocyte germ after
nanoparticle administration. The decrease of leukocyte amount was noted in blood and the increase of cellular elements
of the leukocyte germ was revealed in bone marrow, indicating the activation of leukocyte germ in rats with alloxan
diabetes and transplanted tumors. The changes of morphological indicators of blood and bone marrow testify about
stimulation of myelocytic sprouts of hemopoiesis in bone marrow as a result of reduction of mature cells in peripheral
blood after gold nanoparticle administration.
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1. INTRODUCTION

The diabetes mellitus takes the fourth place among the causes of premature mortality. Recent estimates of World Health
Organization indicate that there were 171 million people in the world with diabetes in 2000 and it is projected to increase
to 366 million in 2030'. Large number of epidemiological studies have demonstrated an association between increased
risk of cancer development and progression and type 2 of diabetes mellitus as well as obesity™ .

The lack of effectiveness of therapy methods of diabetes and malignant tumors causes the search of new treatment
technologies. The active use of nanotechnologies in diagnostics and treatment of different diseases and pathological
processes is currently one of the promising areas of its biomedical applications’. The considerable amount of scientific
reports was devoted to the interactions between different types of nanoparticles and cells’. Despite a progress in the
application of nanotechnologies in practical biology and medicine, the mechanisms of the possible side effects of
nanoparticles are still poorly understood®”.

The gold nanoparticles show great potential as photothermal therapy agents and as imaging agents in connection with its
important properties: biocompatibility, high surface reactivity, resistance to oxidation and plasmon resonance®.

Today some important aspects of the gold nanoparticles effects on cells were revealed that can be used in the treatment
of diabetes mellitus and cancer. It is known that both disease characterized by increased production of free radicals due
to hyperglycemia and endogenous cancer intoxication, which can be reduced through the use of nanoparticles.
Consequently, the gold nanoparticles can use as effective therapeutic agent for the regulation and control oxidative
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stress, which may further significantly improve the quality of life of patients diabetes and cancer. However, the use of
new materials in medicine requires detailed examination to clarify the possible side effects, therefore it is necessary to
study the effect of gold nanorods in vivo in animals with malignant tumors and diabetes mellitus.

In the literature, very little is known about the influence of gold nanoparticles on the bone marrow in vivo. The aim of
the study was to evaluate the influence of gold nanorods on morphological indicators of red bone marrow and peripheral
blood of rats with diabetes and transplanted liver tumor after intravenous administration of gold nanorods.

2. METHODOLOGY

In experiments the gold nanorods length of 41+8 nm and a diameter of 10.2+2.0 nm, synthesized in a laboratory of
nanobiotechnologies (Institute of Biochemistry and Physiology of Plants and Microorganisms of Russian Academy of
Sciences, Saratov, Russia), were used. At synthesis of PEG-coated gold nanorods the following reagents were used:
silver nitrate (AgNO3) (>99.9%; Aldrich, 20.913-9), cetyltrimethylammonium bromide (CTAB) (96%; Fluka, USA, Ne
52370), chloroauric acid (HAuCl4) (>99%; Aldrich, USA), iso-ascorbic acid (AsA) (>99%; Fluka, USA), sodium
borohydride (Sigma-Aldrich, USA), hydrochloric acid (OFS, Vekton, Russia), potash (OFS, Reahim, Russia),
polyethylene glycol-thiol (PEG-SH) (5000, Nektar, USA), water Milli Q. The first synthesis step was mixed
successively 0.1 ml of 1 M CTAB, 25 1 of 10 mM HAuCl4 and 100 ul of 10 mM sodium borohydride solution. After the
addition of HAuCl4 mixture changes the color from colorless to yellow after the addition of sodium borohydride color
immediately changed into pale brown, indicating the formation of gold nanoparticles of 1-3 nm in diameter. Germinal
solution was left without stirring, without closing the lid for 30-120 minutes. Next, 2 ml of a 4 mM solution of silver
nitrate, 5 ml of a 10 mM solution of HAuCl4, 1 ml of 100 mM solution of ascorbic acid, 1 ml of 1 M hydrochloric acid,
1 ml of gold nuclei were added successively to 100 ml of 0.1 M solution of CTAB. The resulting suspension was heated
at 28°C for 24 hours. As a result, a suspension of gold nanorods. CTAB was coated with gold concentration of about 80
ug/ml and an optical density of 3.5-4.0 at 1 cm cuvette at wavelength of the plasmon resonance. The resulting suspension
was centrifuged gold nanorods during 1 hour at 14,000 g. The pellet containing the nanoparticles was dissolved in the
same volume of water. 1 ml of a 0.2 M solution of potassium carbonate and 1 ml of 1 mM solution of PEG-SH was
added to 100 ml of the nanoparticle suspension. The suspension is kept for 12 hours at 28°C and centrifuged for 1 hour at
14,000 g. The precipitate was dissolved in 100 ml of water. The procedure of centrifugation, redissolution was repeated 5
times, after which the solution was concentrated to a gold concentration 400 ug/ml. Geometrical parameters nanorods
were determined by transmission electron microscopy (TEM) images obtained by electron microscope Libra-20 (Carl
Zeiss, Germany).

The experimental study was performed at Center of Collective Use of Saratov State Medical University n.a. V.I.
Razumovsky (Saratov, Russia) on 48 healthy mature albino male rats weighing 180-220 g. In developing the model of
experimental study we relied on the guidance «International Guiding principles for Biomedical Research Involving
Animals»’.

Animals were randomly divided into 4 groups of 12 animals per group: the first experimental group with alloxan
diabetes, the second experimental group with transplanted liver cancer, the third experimental group with alloxan
diabetes and transplanted liver cancer and the control group. Prior some medical procedure or treatment, the rats were
anaesthetized with Zoletil 50 (Virbac, France).

The experimental diabetes induced by intraperitoneal injection of a single dose of alloxan monohydrate — 100 ug/ kg
body weight. After administration of alloxan the determination of blood glucose level was carried by Accu-Chek
Performa Roche (Switzerland). On the 15th day 6 rats were removed from the experiment by decapitation.

The experimental model of rat liver cancer was reproduced by transplantation of tumor cells suspension of liver cancer
(cholangiocarcinoma line PC-1), obtained from the bank of tumor strains of Russian Cancer Research Center n.a. N.N.
Blokhin. On the 30th day after transplantation 6 rats were removed from the experiment by decapitation.
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In the third group on the 15th day after alloxan injection the liver tumor was transplanted. The modeling diabetes and
transplantation tumor carried out similar to methods described above. On the 30th day after transplantation 6 rats were
removed from the experiment by decapitation.

All remaining in the experiment rats were injected intravenously gold nanoparticles in amount 2 ml with gold
concentration 400 ug/ml. 24 hours after injection all animals were deduced from experiment and blood and bone marrow
samples were collected. The bone marrow were taken by the standard procedure of the femur. The smears stained with
May-Grunwald for the morphological study. The analysis of bone marrow smears performed under high magnification
(x1000) with differential count of 500 cells. The blood analysis was conducted on hematological analyzer PCE-90Vet
(USA). The leukogram analysis was conducted by counting of 200 leukocytes in blood smears prepared by the standard
procedure. Morphometric analysis was performed using digital image analysis system «Medical Microvizor» uVizo-101
(LOMO, Russia). «SPSS 17.0» program was used for the statistical analysis of the study results with calculation of the
arithmetic mean (M), the average error (m) and Student's t test. The results were considered significant at p <0,05.

3. RESULTS

The study of rat blood parameters of all experimental groups allowed to establish a significant decrease in the number of
erythrocytes and hemoglobin compared with the control group (Table 1.).

In animals with alloxan diabetes the significant elevation of serum glucose was observed: through 15 days — up to
18.39+3.49 mmol/l which far exceeded the control values. The animals showed clinical manifestations of diabetes -
polydipsia, polyuria. The decrease of erythrocyte number and hemoglobin amount was noted in animals with diabetes
compared with the control group (p<0.05).

At study in the third group of animals with alloxan diabetes and transplanted liver tumor we revealed that the tumor
transplantation changes progress of experimental diabetes. 10 days after tumor transplantation blood glucose level
returned to normal (to 5.7+0.7 mmol/l). The reducing of tumor growth was noted in third group of animals. The tumor
weight 17.6+£2.3 g accounted in group with diabetes, in comparison group — 26.9+3.1 g 30 days after transplantation).The
marked similar changes of blood indicators were revealed in animal groups with transplanted liver tumor and combined
pathology, which may be a compensatory response to hypoxia in the tissues.

The intravenous administration of gold nanorods caused the decrease of hemoglobin and hematocrit indexes in animals
of control group and this effect was less pronounced in the animals of experimental groups.

Table 1. Blood indicators at intravenous administration of gold nanorods (GN) in animals of experimental groups

Animal group Erythrocytes (10™/1) Hemoglobin (g/l) | Hematocrit (%) Leucocytes (1 0/) Platelets (10°/1)
Control 7854051 151,5+13,5 37,7418 9.7+1,6 510+51
Control + GN 6,72+0.86 132,5+13,5 32,342, 1% 6,95+1,75% 201+£28*
Diabetes 6,8+0.1* 13345,1* 32,5+1 3% 9,75+0,05 517+57
Diabetes + GN 7,1+0,13 139+6,2 33,85+1,65 6,15+1,75* 393+38*

Liver tumor 6,46+£0,5* 131+4 4% 33,55+1,75* 7,55+2,75% 789,5+61*
Liver tumor + GN | 6,205+0,55 122,5+5.6 32,742.55 11,05+1,55 823,5£79
Diabetes and tumor | 6,27+0,51% 12548 3% 32,0543 2% 6+0,2% 832,5+75%
Diabetes+ 5,84+0,4 114,5+5,7 28,85+1,35 7,95+0,35 778+£74
tumor+GN

Note: asterisk (*) are distinct from the corresponding values of the control group significantly at p <0,05.

The number of platelets was increased in group with transplanted tumor and in group with combined pathology -
diabetes and transplanted tumors. The intravenous administration of gold nanorods caused the decrease of platelets in

animals of control group and group with alloxan diabetes.
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The significant decrease of leukocyte amount was noted in blood in rats with transplanted tumors and in rats with
combined pathology - alloxan diabetes and transplanted tumors. After intravenous administration of gold nanorods the
decrease of leukocytes was observed in blood of animals of control group and group with diabetes. In groups with
transplanted liver tumors and combined pathology we revealed the increasing of leucocyte number after intravenous
administration of gold nanorods.

The leukogram (the percentage of the various forms of white blood cells) was frequently used for assessing the adaptive
reactions. After administration of gold nanoparticle the reduction of leukocytes was mainly due to neutrophil
granulocytes and monocytes decreasing (Table 2.). Probably the reduction of circulating neutrophils on a background of
diabetes is mainly due to the toxic influence of alloxan.

Table 2. Leukogram indicators at intravenous administration of gold nanorods (GN) in animals of experimental groups

Animal group Eosinophyls (%) | Stab (%) Segments (%) Lymphocytes (%) Monocytes (5)
Control 2+0.5 1,5+0,5 58+3 36,5+1,2 9,5+0,5
Control + GN 2,5+0.5 2+0,5 56,5+2,75 33+£1,15 9+0,8
Diabetes 2,5+0.5 1,5+0,2 55,5+0,5 31+1,25 9,5+0,8
Diabetes + GN 1,5+0,3 2+0,5 58+1,75 3042,75 8,5+1

Liver tumor 1+0,2 3+0,2 53+2,75 37+1,8 6+0,6*

Liver tumor + GN 2+0,2 3+0,3 47+0,5 4144,05 7+1,1
Diabetes and tumor 1,5+0,14 240,2 49+0,5* 41,5422 6,5+0,75%*
Diabetes+ 1,5+0,12 2,5+0,2 47+0,35 42,5+1,65 6,5+,75
tumor+GN

Note: asterisk (*) are distinct from the corresponding values of the control group significantly at p <0,05.

The study of parameters of bone marrow was revealed the increase of mature forms of leukocytes in animals with
alloxan diabetes and transplanted tumors compared with the control group, indicating the activation of myeloid germ
(Table 3).

After intravenous administration of gold nanoparticles the decrease of the number of mature cellular elements of the
myeloid germ in bone marrow - stab neutrophils and segmented leukocyte was marked in group with diabetes and
transplanted tumors. The slight increase of immature elements of mielocytic germ - metamyelocytes was revealed in
control group, in group with alloxan diabetes and transplanted liver tumors, indicating the activation of leukocyte germ
in these groups of animals.

Table 3. The changes of myeloid cellular forms (%) in bone marrow of rats (M + m)

Animal Myeloblasts | Promyel. Myelocytes | Metamyel. Stab Segments Eosinoph. Lymphocyt
group .

Control 1+0,1 240,2 1,5+0,17 0,5+0,07 8+0,8 40,75+4,1 30,3 15,75+1,5
Control + 1,25+0,2 1,75+0,2 1+0,1 3+0,3* 7,25+0,7 38,5+4,5 4+0,4 15+1,5
GN

Diabetes 0,75+0,08 0,75+0,08* 1,25+0,12 2+0,2* 11+1,3 43,75+4,2 4,25+0,5 13,75+1.7
Diabetes + | 1,25+0,12 1,5+0,17 1,5+0,2 3,75+0,4 5,75+0,6 38,5+0,39 4+0,4 14,25+1,4
GN

Liver 2,25+0,18 2,25+0,2 1,25+0,12 3,25+0,4* 6,75+0,7 39,5+0,4 1,25+0,12 14+1,5
tumor

Tumor + 2+0,21 2,25+0,21 1,25+0,13 3,75+0,5 4,75+0,5 36+0,3 5,75+0,6 12,25+1.2
GN

Diabetes 1,25+0,1 1,75+0,2 0,25+0,02* 7,25+0,8%* 7,2543.,8 37,5+0,4 7+0,7* 14,5+1,4
and tumor

Diabetes+ 1,5+0,2 2+0,2 240,2 2,54+0,2 7,5+0,8 47%0,5 3,5+0,4 12,5+1,3
tumor+GN

Note: asterisk (*) are distinct from the corresponding values of the control group significantly at p <0,05.
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The increasing of erythroblasts and pronormoblasts were noted in animals with transplanted liver tumors and combined
pathology indicating the stimulation of erythroid germ of bone marrow (Table 4). In animal groups with alloxan diabetes
the decreasing of polychromatic normoblasts were noted (p <0,05).

After intravenous administration of gold nanoparticles the changes of erythroid cellular forms in bone marrow were
revealed in control group of animals and in group with liver tumors and combined pathology. The decreasing of
polychromatic normoblasts and increasing of oxyphilic normoblasts were noted which probably indicates the increasing
of regenerative activity of erythroid hematopoiesis.

Table 4. The changes of erythroid cellular forms (%) in bone marrow of rats (M £ m)

Animal group Erythroblasts | Pronormoblasts | Bas.normoblasts Polychr.normoblasts Oxiphylic normoblasts
Control 2402 2.5+02 4+0.4 12,75+1,2 4,5+0.4
Control + GN 2.25+03 4,25+0,4 4,25+0,42 7.25+0,8% 8,25+0,8*
Diabetes 1,5+0,12 2754027 40,4 8+0,8% 4,5+0,4
Diabetes + GN 2,5+0,21 3,75+0,37 4,75+0,4 12+1,2 4,25+0,39
Liver tumor 3,75+0,37* 2,75+0,27 3,750, 4 10,25+1,1 5,25+0,51
Tumor + GN 1,75+0,17 2,25+0,25 3,75+0,41 10,5+1,0 9,25+0,9*
Diabetes and tumor 3+0,1* 3,5+0,36* 3,25+0,34 10,25+0,8 4,7540,5
Diabetes+ 1,75+0,2 2,5+0,22 1,75+0,2 5+0,2% 7.2540,51*
tumor+GN

Note: asterisk (*) are distinct from the corresponding values of the control group significantly at p <0,05.

It was found that the administration of gold nanoparticles leads to the changes in the composition of erythroid cells in
bone marrow, which may be due to decreasing of red blood cells and hemoglobin in peripheral blood. The administration
of nanoparticles leads to a unidirectional change in quantitative and qualitative composition of white blood cells and
bone marrow cells of rats. Reducing the number of white blood cells and mature forms of myeloid cells of the bone
marrow after nanoparticle administration may be associated with activation of migration function of leukocytes and their
transition from the vessels into the tissue after administration of gold nanoparticles, as evidenced by the literature' ™"

4. CONCLUSION

Thus, in this study we investigated the reaction of the blood and bone marrow cells of rats with intravenous injection of
gold nanorods in intact animals and rats with simulate diabetes and transplanted liver tumors. The changes of
morphological indicators of blood and bone marrow testify about stimulation of myeloid sprouts of
hemopoiesis in bone marrow as a result of decreasing of mature cells in peripheral blood after gold
nanoparticle administration. The parameters of homeostasis of blood adequately reflect the state of the major
nanoparticle administration. When gold nanoparticles are intravenously administered, they interact with is the blood and
its components. Indeed, gold nanoparticles can induce an inflammatory response and change the immune system activity
and alter related hematologic factors such as blood cell counts. The duration of the inflammation usually cannot be
determined based on leukogram changes alone. It is helpful to embrace the concept of this dynamic situation and
consider the bone marrow and tissue environments when interpreting leukogram changes. New data about the
influence of gold nanoparticles on the blood and hematopoiesis indicators at the development of alloxan
diabetes and transplantation of tumors in rats were obtained.
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