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Abstract:

Background: Nanoparticles (a part of matter which size is less than 100 nm) have numerous potential applications in biomedicine,

due to their unique surface, electronic and optical properties. The goal of the present study was to examine the distribution of gold

nanoparticles (GNPs) in mice after single intravenous administration.

Methods: Spherical GNPs were synthesized by chemical reduction of tetrachloroauric acid with ascorbic acid as a reductant. GNPs

were stabilized using polyvinyl alcohol (PVA, m.w. = 67000Da) a substance approved for use in the pharmaceutical industry. The

size of colloidal gold particles (diameter equals 25 ± 8 nm) was determined using HR SEM and DLS techniques; z potential of GNPs

was determined using Malvern Zetasizer Nano ZS and it equals –5.2 ± 5.4 mV. An aqueous dispersion of GNPs was administered to

mice in a dose of about 10 cm3/kg and 24 h later the amount of gold in different organs was determined using the inductively coupled

plasma mass spectrometer (ICP MS). Initial concentration of GNPs equals 29.55 mg/l.

Results: GNPs after single intravenous administration preferentially accumulated in the liver (12.7% of the applied dose), while the

other organs accumulated around 0.1% or less.

Conclusion: Colloidal GNPs of the used size (about 25 ± 8 nm) provide new potential route for direct delivery system to the liver,

which may be important e.g., in liver cancer diagnosis.

Key words:

gold nanoparticles, distribution, organs, mice

Pharmacological Reports, 2013, 65, 1033�1038 1033

Pharmacological Reports
2013, 65, 1033�1038
ISSN 1734-1140

Copyright © 2013
by Institute of Pharmacology
Polish Academy of Sciences



Introduction

Nanomaterials e.g., nanoparticles are a part of matter

whose size is less than 100 nm. Several different

methods of nanoparticles synthesis are known like the

reduction of precursor ions in an aqueous or an or-

ganic phase, the less often applied methods are: sol-

gel [16], pyrolysis [10], physical vapor deposition

(PVD) [3], laser ablation [9], electrochemical method

[22], chemical vapor deposition (CVD) [13]. Differ-

ent methods of nanoparticles synthesis are gathered

and well described in [20].

These materials indicate different chemical, optical

and physical properties as compared to the bulk mate-

rials. It’s the main reason why nanoparticles and col-

loids become interesting field of science. In the last

decade, the nanotechnology has played the most im-

portant role in the world economy. It is due to the

growing market of new generation of chemical rea-

gents, catalysts, cosmetics [7], etc.

Gold nanoparticles (GNPs) are presently used for

a multitude of purposes: diagnostic, therapeutic, re-

search. They have potential applications in biomedi-

cine, due to their unique surface, electronic, and opti-

cal properties. They are an attractive candidate in can-

cer diagnosis and therapy as targeted delivery systems

have shown 600 times higher absorption ability in

cancer cells than in normal human cells [15]. They

have been widely used in biosensors, cancer cell im-

aging, photothermal therapy, and drug delivery [20].

GNPs have been suggested to be potentially useful as

a novel radiosensitizer in radiotherapy, because the

strong photoelectric absorption and secondary elec-

tron caused by g or X-ray irradiation can accelerate

DNA strand breaks [14, 18, 24].

GNPs indicate interesting optical properties [2, 5].

They can scatter and adsorb visible light. The maxi-

mum of adsorption is related to particles size and

shape. This property is due to surface plasmon reso-

nance. El-Sayed et al. [4] were investigating the influ-

ence of laser power on the cells survival. They

showed that carcinoma cells irradiated with the laser

of the power of 76 W/cm2 were not harmed. The addi-

tion of colloidal GNPs obtained by reduction of gold

chloride complex according to Turkevich method,

significantly changed the laser power required to kill

carcinoma cells. It was due to photothermal destruc-

tion of living cells by high temperature. GNPs illumi-

nated with the visible light adsorb it and finally trans-

form it to heat. Local increase of temperature leads to

the destruction of cells.

The size of nanoparticles is about 10–1000 times

less than size of living cells. The relationship between

size and cover of GNPs and biodistribution was not ex-

tensively examined [17, 24]. To further examine the re-

lationships between sizes of nanoparticles and distribu-

tion, in the present study we examined the distribution

of precisely prepared gold nanoparticles (GNPs) after

single intravenous administration in mice.

Materials and Methods

Animals

The experiment was carried out on male Albino-

Swiss mice (body weight 18–26 g). A total of 8 adult

male mice were used. The animals were housed in

plastic cages under the following conditions: 12-h

light/dark cycle, and they were maintained on a stan-

dard pellet diet and tap water available ad libitum. All

procedures were carried out according to the Animal

Care and Use Committee Guidelines and approved by

the Ethical Committee of the Jagiellonian University,

Kraków, Poland.

Preparation of drug

Choosing from the number of different methods for

nanoparticles (NPs) synthesis, an aqueous media

seem to be the most suitable, especially for medical

applications. Moreover, it is very important to choose

proper metal precursor as well as reducing and stabi-

lizing agents to eliminate negative interaction be-

tween reagents and the living organism.

As a gold precursor, tetrachloroauric(III) acid was

chosen, because of its simple preparation method.

From a number of different reductants used for syn-

thesis e.g., sodium borohydrate [8, 22], ascorbic acid

[8], sodium citrate [6], tin chloride [12 19], hydrazine

sulfate [18], hydrazine hydrate [11], the ascorbic acid

was chosen because of its biocompatibility and solu-

bility in aqueous system.

A solution of gold(III) chloride complex was pre-

pared from metallic gold (99.99%, provided by Men-

nica Polska S.A.). Metal was dissolved in aqua regia

and then the mixture was evaporated several times to
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remove nitric acid and excess of HCl to obtain pure

solid tetrachloroauric(III) acid. Next, the acid was dis-

solved in deionized water to obtain required concen-

trations of gold(III) chloride complex. The L-ascorbic

acid (Chempur) was used as a reductant. For a steric

stabilization of the colloidal particles, the water solu-

tion of polyvinyl alcohol (PVA, m.w. = 67000 Da,

Sigma Aldrich) was applied. Gold nanoparticles were

synthesized by a chemical reduction method by

means of a reducer in such a way that the aqueous

solution containing gold(III) chloride ions of 0.3 mM

concentration with addition of PVA (mPVA : mAu = 10 : 1)

was intensively mixed with 6 mM aqueous solution of

L-ascorbic acid in proportion of 1 : 1 until clear, in-

tensely red colloid was obtained (Fig. 1A,a). A colloi-

dal concentrate of Au (concentrate of about 0.5 g/l)

was obtained by centrifugation of 200 ml colloid I in

a centrifuge (relative centrifuge force RCF = 64.8 for

5 min, EBA 21 Hettich) and by collecting centrifuged

fractions (Fig. 1A,b). Thereby, 10 ml of colloidal con-

centrate was obtained.

The concentrated acids H2SO4 (95%, POCH, CP)

and HNO3 (65%, POCH, CP) were applied to dissolve

the animal tissues. The mixture of concentrated nitric

acid and hydrochloric acid (37%, POCH, CP) was

utilized to prepare aqua regia which was used to dis-

solve gold nanoparticles in the animal organs.

UV-Vis spectrum

The obtained gold nanoparticles were analyzed spec-

trophotometrically twice (Shimadzu model U-2501PC,

Japan). The first spectra were registered 5 min after

gold nanoparticles had been prepared. The next spec-

trum was registered after centrifugation of colloid I.

The obtained spectra are shown in Figure 1A. The

maximal wavelength values and corresponding absor-

bance values are collected in Table 1.

DLS analysis

The size of synthesized particles (colloid (a) and Au

concentrate (b)) was analyzed by dynamic light scat-

tering method (DLS), (Zetasizer Nano ZS, Malvern,

UK) just after colloid preparation. The same device

was used to measure the z potential of the colloidal

particles (colloid (a) and Au concentrate (b)). The ob-

tained results are shown in Table 1.

TEM analysis

One drop of Au concentrate (10 min after it was pre-

pared) was placed on a copper grid covered by

a 20–30 nm coal film, and next was left to dry at room

temperature. The analysis was performed by transmis-
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Fig. 1. (A) The UV-Vis spectra for colloids obtained as a result of a chemical Au(III) ions reduction with L-ascorbic acid. The length of optical
path l = 1 cm. (a) Colloid after synthesis; (b) Colloid after centrifugation. (B) TEM micrograph of colloidal gold



sion electron microscope (TEM) 24 h after prepara-

tion. The obtained results are shown in Figure 1B.

Treatment and analysis of gold content

in the organs

The animals were injected in the tail vein with colloi-

dal gold containing 25 ± 8 nm gold nanoparticles. The

injections were performed slowly over a period of no

less than 3 min per injection. The animals were care-

fully observed during the injection procedure and the

intense observation continued for 24 h. The animals

were put to death after 24 h and the amount of gold in

organs (liver, brain, heart, kidney, lungs) was deter-

mined.

The organs were weighed and then dissolved at

elevated temperature in a concentrated sulfuric acid

(1–2 ml/organ). The obtained solution was evaporated

and after that a strong oxidant (concentrated nitric

acid) was added and then the solution was evaporated

again. The obtained dry mass was dissolved in 1 ml of

aqua regia in order to change metallic gold to Au(III)

chloride ions. The obtained solution was next ana-

lyzed on inductively coupled plasma mass spectrome-

ter (ICP- MS, ELAN 6100 from Perkin Elmer).

Results and Discussion

In the present study, we evaluated the distribution of

gold nanoparticles (GNPs) following an intravenous

injection in mice. We found that 24 h after injection of

colloidal gold containing 25 ± 8 nm gold nanoparti-

cles, 12.68% of the total administered dose of gold ac-

cumulated in the liver (Tab. 2). Considerably less

GNPs accumulated in the heart (0.11%) and very little

in the brain, kidney and lungs (0.08%, 0.05% and

0.04%, respectively). In the blood we determined

only 0.03% of the gold injected. It demonstrates that

the liver exhibited the highest nanoparticle accumula-

tions compared to other organs, such as heart, brain,

kidney and lungs.

The other studies also investigated the effect of

shape, size, and coating on the distribution properties

of GNPs in animals [23].

The effect of particles size on biodistribution of

colloidal GNPs after intravenous administration was

studied by Sonavane et al. [17]. In their experiments,

GNPs of the size of 15, 50, 100 and 200 nm were

used. As a stabilizer, an aqueous solution of sodium

alginate (0.5%, w/v) was added.

The authors showed that most of GNPs were lo-

cated in the liver. Their amount depends on the size of

particles and vary from 0.08 to 0.39% of a given dose

of 1 g GNPs/kg for particles in the range 15–200 nm.

The fact that the size of GNPs plays an important

role in their biodistribution was also indicated in an-

other study by Zhang et al. [24]. The effect of parti-

cles size on biodistribution of polyethylene glycol-

coated GNPs was studied in mice, which received an

intraperitoneal injection of GNPs solution in a dose of

4000 µg/kg/day, for 28 days. Studies of biodistribution

of GNPs showed that 5 nm and 10 nm particles accu-

mulated in the liver and that 30 nm particles accumu-
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Tab. 1. Track record of the spectrophotometric measurements (Amax – maximal absorbance value, lmax – wavelength at which Amax was meas-
ured) and the results obtained from DLS (hydrodynamic diameter (d) and x potential)

Material Amax lmax, nm Size (d, nm) % Intensity Size (d, nm) % Number z, mV

Colloid I 0.757 529.5 45 ± 16 100 25 ± 8 100 –19.2 ± 5.7

Concentrate 7.09 531 49 ± 17 100 25 ± 8 100 –5.2 ± 5.4

Tab. 2. Gold content in different organs after single intravenous ad-
ministration of 0.3619 mg/kg in mice

[%] Liver Brain Heart Kidneys Lungs Blood

Mean 12.68 0.08 0.11 0.05 0.04 0.03

SD 9.68 0.06 0.07 0.03 0.02 0.02

Mice were intravenously injected with gold nanoparticles of the dose
of 0.3619 mg/kg once and 24 h later tissue gold content was exam-
ined. Results are expressed as percentage of the content of the ap-
plied dose (mean and standard deviation of n = 5)



lated in the spleen, while the 60 nm particles accumu-

lated in very high amount in the spleen (about 2 times

higher concentration in respect to 5 nm GNPs). They

concluded that besides dimensions different surface

charge on gold nanoparticles can also influence their

biodistribution and that GNPs stabilized by polyethyl-

ene glycol have a neutral charge, so their dynamic be-

havior in mice should be different from that of alter-

natively coated GNPs as well as non-coated ones.

The present data indicate exclusive accumulation

of gold in the liver (approximately 100 times higher

concentration) than in other examined organs, and this

accumulation was very high (ca. 13% of applied dose),

compared to very low accumulation demonstrated by

others (0.4%, [17]). These discrepancies are presuma-

bly due to the dose of GNPs administrated and/or to

vehicle of GNPs suspension (L-ascorbic acid vs. so-

dium alginate). Thus, sizes of nanoparticles as well as

their surface characteristics are the key parameters

that can alter the biodistribution of nanoparticles in

the body.

Conclusions

Our study showed that all mice survived after a single

administration of about 25-nm gold nanoparticles.

Our data confirm that small gold nanoparticles have

a wider organ distribution than that of larger gold

nanoparticles, with the liver being the dominant target

organ. These conclusions may be very important for

the future therapy, drug delivery and diagnosis. Our

study enabled the development of nanoparticle thera-

peutic carriers (passively targeted to tumors through

the enhanced permeability and retention effect, so

they are ideally suited for the delivery of chemothera-

peutics in cancer treatment). GNPs of used size

(25 ± 8 nm) provide a new potential route for direct

delivery system to the liver, which may be important

e.g., in liver cancer diagnosis.

References:

1. Arnida, Janát-Amsbury MM, Ray A, Peterson CM,

Ghandehari H: Geometry and surface characteristics of

gold nanoparticles influence their biodistribution and up-

take by macrophages. Eur J Pharm Biopharm, 2011, 77,

417–423.

2. Bac LH, Kim JS, Kim JC: Size, optical and stability

properties of gold nanoparticles synthesized by electrical

explosion of wire in different aqueous media, Rev Adv

Mater Sci, 2011, 28, 117–121.

3. Cross CE, Hemminger JC, Panner RM: Physical vapor

deposition of one-dimensional nanoparticles array on

graphite: seeding the electrodeposition of gold

nanowires. Langmuir, 2007, 23, 10372–10379.

4. El-Sayed IH, Huang X, El-Sayed MA: Selective laser

photo-thermal therapy of epithelial carcinoma using

anti-EGFR antibody conjugated gold nanoparticles.

Cancer Lett, 2006, 239, 129–135.

5. Jain PK, Lee KS, El-Sayed IH, El-Sayed MA: Calculated

absorption and scattering properties of gold nanoparti-

cles of different size, shape, and composition: applica-

tions in biological imaging and biomedicine. J Phys

Chem B, 2006, 110, 7238–7248.

6. Kimling J, Maier M, Okenve B, Kotaidis V, Ballot H,

Plech A: Turkevich method for gold nanoparticle synthe-

sis revisited. J Phys Chem B, 2006, 110, 15700–15707.

7. Kokura S, Handa O, Takagi T, Ishikawa T, Naito Y,

Yoshikawa T: Silver nanoparticles as a safe preservative

for use in cosmetics. Nanomedicine, 2010, 6, 570–574.

8. Luty-B³ocho M, Fitzner K, Hessel V, Löb P, Maskos M,

Metzke D, Pac³awski K, Wojnicki M: Synthesis of gold

nanoparticles in an interdigital micromixer using ascor-

bic acid and sodium borohydride as reducers. Chem Eng

J, 2011, 171, 279–290.

9. Mafune F, Kohno J, Takeda Y, Kondow T: Formation of

gold nanoparticles by laser ablation in aqueous solution

of surfactant. J Phys Chem B, 2001, 22, 5114–5120.

10. Montero MA, Chialvo MRG, Chialvo AC: Preparation of

gold nanoparticles supported on glassy carbon by direct

spray pyrolysis. J Mater Chem, 2009, 20, 3276–3280.

11. Muralidharan G, Subramanian L, Nallamuthu SK, San-

thanam V, Kumar S: Effect of reagent addition rate and

temperature on synthesis of gold nanoparticles in

microemulsion route. Ind Eng Chem Res, 2011, 50,

8786–8791.

12. Niidome T, Yamagata M, Okamoto Y, Akiyama Y,

Takahashi H, Kawano T, Katayama Y, Niidome Y:

PEG-modified gold nanorods with a stealth character

for in vivo applications. J Control Release, 2006, 114,

343–347.

13. Okumura M, Nakamura S, Tsubota S, Nakamura T,

Haruta M: Deposition of gold nanoparticles on silica by

CVD of gold acetylacetonate. Appl Catal A, 2005, 291,

13–20.

14. Puvanakrishnan P, Park J, Chatterjee D,  Krishnan S,

Tunnell J: In vivo tumor targeting of gold nanoparticles:

effect of particle type and dosing strategy. Int

J Nanomedicine, 2012, 7, 1251–1258.

15. Sattler KD: Handbook of nanophysics: nanomedicine

and nanorobotics, CRC Press, Boca Raton, 2011.

16. Shukla S, Seal S: Cluster size effect observed for gold

nanoparticles synthesized by sol-gel technique as studied

by x-ray photoelectron spectroscopy. Nanostruct Mater,

1999, 11, 1181–1193.

Pharmacological Reports, 2013, 65, 1033�1038 1037

Distribution of gold nanoparticles
Marek Wojnicki et al.



17. Sonavane G, Tomoda K, Makino K: Biodistribution of

colloidal gold nanoparticles after intravenous administra-

tion: Effect of particle size. Colloids Surf B. Biointer-

faces, 2008, 66, 274–280.

18. Streszewski B, Jaworski W, Pac³awski K, Csapó E,

Dékány I, Fitzner K: Gold nanoparticles formation in

the aqueous system of gold(III) chloride complex ions

and hydrazine sulfate – Kinetic studies. Colloids Surf

A Physicochem Eng Asp, 2012, 397, 63–72.

19. Tarozaite R, Juskenas R, Kurtinatiene M, Jagminiene A,

Vaskelis A: Gold colloids obtained by Au(III) reduction

with Sn(II): preparation and characterization. Chemija,

2006, 17, 1–6.

20. Wang ZL; Ze Zhang Z, Liu Y: Handbook of nanophase

and nanostructured materials, Springer, New York, 2003.

21. Wilczewska AZ, Niemirowicz K, Markiewicz KH,

Car H: Nanoparticles as drug delivery systems. Pharma-

col Rep, 2012, 64, 1020–1037.

22. Yu YY, Chang SS, Lee CL, Wang CRC: Gold nanorods:

electrochemical synthesis and optical properties. J Phys

Chem B, 1997, 34, 6661–6664.

23. Zhang X, Wu Y, Wu D, Wang Y, Chang J, Zhai Z, Meng

A et al.: Toxicologic effects of gold nanoparticles in vivo

by different administration routes. Int J Nanomedicine,

2010, 5, 771–781.

24. Zhang XD, Wu D, Shen X, Liu PX, Yang N, Zhao B,

Zhang H et al.: Size-dependent in vivo toxicity of PEG-

coated gold nanoparticles. Int J Nanomedicine, 2011, 6,

2071–2081.

Received: October 18, 2012; in the revised form: January 14, 2013;

accepted: January 30, 2013.

1038 Pharmacological Reports, 2013, 65, 1033�1038


	771	Review Œ Serotonin discovery and stepwise disclosure of 5-HT receptor complexity over four decades. Part I. General background and discovery of serotonin as a basis for 5-HT receptor identification.
	Manfred Göthert

	787	Review Œ Research advances in basic mechanisms of seizures and antiepileptic drug action.
	W³adys³aw Lasoñ, Ma³gorzata Chlebicka, Konrad Rejdak

	802	Review Œ Female ovarian steroids in epilepsy: A cause or remedy.
	Mohammad N. Alam, Aakifa Ahmad, Fahad A. Al-Abbasi, Aftab Ahmad
	813	Effects of serotonin (5-HT)1B receptor ligands on amphetamine-seeking behavior in rats.
	Joanna Miszkiel, Edmund Przegaliñski


	823	Synthesis and neuromodulatory effects of TRH-related peptides: inhibitory activity on catecholamine release in vitro.
	Luigi Brunetti, Annalisa Chiavaroli, Alessandra Cocco, Claudio Ferrante, Anna Ferrucci, Grazia Luisi, Giustino Orlando, Francesco Pinnen, Michele Vacca

	836	Identification of Dmt-D-Lys-Phe-Phe-OH as a highly antinociceptive tetrapeptide metabolite of the opioid-neurotensin hybrid peptide PK20.
	Patrycja Kleczkowska, Engin Bojnik, Anna Leœniak, Piotr Kosson, Isabelle Van den Eynde, Steven Ballet, Sandor Benyhe, Dirk Tourwé, Andrzej W. Lipkowski

	847	Different effects of postnatal caffeine treatment on two pentylenetetrazole-induced seizure models persist into adulthood.
	Jana D. Tchekalarova, Hana Kubová, Pavel Mareı

	854	Differential effects of LY294002 and wortmannin on neurons and vascular endothelial cells in the rat retina.
	Kaori Ueda, Tsutomu Nakahara, Kaori Akanuma, Asami Mori, Kenji Sakamoto, Kunio Ishii

	863	LPS-induced oxidative stress and inflammatory reaction in the rat striatum.
	Karolina Noworyta- Soko³owska, Anna Górska, Krystyna Go³embiowska

	870	Can the antiplatelet effects of cangrelor be reliably studied in mice under in vivo and in vitro conditions using flow cytometry?
	Hassan Kassassir, Karolina Siewiera, Rados³aw Sychowski, Cezary Wata³a

	884	Exendin-4 and GLP-1 decreases induced expression of ICAM-1, VCAM-1 and RAGE in human retinal pigment epithelial cells.
	Mariola Dorecka, Krzysztof Siemianowicz, Tomasz Francuz, Wojciech Garczorz, Agnieszka Chyra, Agnieszka Klych, Wanda Romaniuk

	891	Disparate effects of anti-TNF-a therapies on measures of disease activity and mediators of endothelial damage in ankylosing spondylitis.
	Mariusz Korkosz, Jerzy G¹sowski, Andrzej Surdacki, Piotr Leszczyñski, Katarzyna Pawlak-Buœ, S³awomir Jeka, Maciej Siedlar, Tomasz Grodzicki

	898	Influence of NADPH oxidase inhibition on oxidative stress parameters in rat hearts.
	Paulina Kleniewska, Marta Michalska, Anna Gor¹ca

	906	Exposure to alcohol and tobacco smoke causes oxidative stress in rats.
	Ewa Ignatowicz, Anna Wo�niak, Maksymilian Kulza, Monika Señczuk- Przyby³owska, Francesco Cimino, Wojciech Piekoszewski, Marek Chuchracki, Ewa Florek

	914	Exposure to ethanol and tobacco smoke in relation to level of PCNA antigen expression in pancreatic and hepatic rat cells.
	Ewa Wiœniewska, Anna Dylik, Maksymilian Kulza, Ewa Florek, Wojciech Piekoszewski, Monika Señczuk-Przyby³owska, Andrzej Marsza³ek

	927	Combination of omeprazole with GLP-1 agonist therapy improves insulin sensitivity and antioxidant activity in liver in type 1 diabetic mice.
	Vishal Patel, Amit Joharapurkar, Nirav Dhanesha, Samadhan Kshirsagar, Jaysukh Detroja, Kartikkumar Patel, Tejal Gandhi, Kirti Patel, Rajesh Bahekar, Mukul Jain

	937	Metabolic effects of the HIV protease inhibitor  Œ saquinavir in differentiating human preadipocytes.
	Monika Boci¹ga-Jasik , Anna Polus, Joanna Góralska, Urszula Czech, Anna Gruca, Agnieszka „liwa, Aleksander Garlicki, Tomasz Mach, Aldona Dembiñska-Kieæ

	951	Comparative evaluation of different doses of PPAR-g agonist alone and in combination with sulfasalazine in experimentally induced inflammatory bowel disease in rats.
	Prasad Byrav D.S., Bikash Medhi, Ajay Prakash, Amitava Chakrabarti, Kim Vaiphei, Krishan L. Khanduja

	960	Effect of infliximab on metabolic disorders induced by Walker-256 tumor in rats.
	Daniele R. Miksza, Camila O. de Souza, Hely de Morais, Aline F. da Rocha, Gláucia R. Borba-Murad, Roberto B. Bazotte, Helenir M. de Souza

	970	Anti-nephrolithic potential of resveratrol via inhibition of ROS, MCP-1, hyaluronan and osteopontin in vitro and in vivo.
	Sang Hyuk Hong, Hyo-Jung Lee , Eun Jung Sohn, Hyun-Suk Ko, Bum Sang Shim, Kyoo Seok Ahn, Sung-Hoon Kim

	980	1,2-Diazole prevents cisplatin-induced nephrotoxicity in experimental rats.
	Venugopal V. Prabhu, Narayanan Kannan, Chandrasekharan Guruvayoorappan 

	SHORT COMMUNICATIONS
	991	Involvement of NMDA and AMPA receptors in the antidepressant-like activity of antidepressant drugs in the forced swim test.
	Ma³gorzata Wolak, Agata Siwek, Bernadeta Szewczyk, Ewa Poleszak, Andrzej Pilc, Piotr Popik, Gabriel Nowak


	998	Partial agonist efficacy of EMD386088, a 5-HT6 receptor ligand, in functional in vitro assays.
	Magdalena Jastrzêbska-Wiêsek, Agata Siwek, Grzegorz Kazek, Barbara Nawieœniak, Anna Partyka, Monika Marcinkowska, Marcin Ko³aczkowski, Anna Weso³owska

	1006	Dose-depending effect of intracerebroventricularly administered bradykinin on nociception in rats.
	Magdalena Bujalska-Zadro¿ny, Anna de Cordé, Krystyna Cegielska-Perun, Emilia G¹siñska, Helena Makulska-Nowak

	1012	Enalapril enhances the anticonvulsant activity 
of lamotrigine in the test of maximal electroshock.
	Krzysztof £ukawski, Tomasz Jakubus, Agnieszka Janowska, Grzegorz Raszewski, Stanis³aw J. Czuczwar

	1018	Are anti-inflammatory properties of lipoic acid associated with the formation of hydrogen sulfide?
	Magdalena Dudek, Anna Bilska-Wilkosz, Joanna Knutelska, Szczepan Mogilski, Marek Bednarski, Ma³gorzata Zygmunt, Ma³gorzata Iciek, Jacek Sapa, Dominik Bugajski, Barbara Filipek, Lidia W³odek

	1025	Marsanidine and 7-Me-marsanidine, the new hypotensive imidazolines augment sodium and urine excretion in rats.
	Magdalena Wróblewska, Joanna Kasprzyk, Franciszek S¹czewski, Anita Kornicka, Konrad Boblewski, Artur Lehmann, Apolonia Rybczyñska

	1033	Tissue distribution of gold nanoparticles after single intravenous administration in mice.
	Marek Wojnicki, Magdalena Luty-B³ocho, Marek Bednarski, 
Magdalena Dudek, Joanna Knutelska, Jacek Sapa, 
Ma³gorzata Zygmunt, Gabriel Nowak, Krzysztof Fitzner
	1039	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	spis tresci
	indeks
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

