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1. Introduction 

Cancer is one of the biggest challenges of contemporary medicine. Despite the enormous scientific and 
financial effort undertaken in recent years cancer remains one of the major death cause in western civilization. 
Thanks to this effort various new drugs have been developed, but still many types of cancer in metastasis are 
virtually untreatable. A lot of hope for new treatment methods are set on nanotechnology. This is because all the 
cellular machinery and transport phenomena are happening at this size range. Nanoparticles seem to be a perfect 
drug carrier due to possible targeted cancer drug delivery, what is a key to minimize main side effects of 
chemotherapeutic agents and reduce tumor expansion. They are defined as submicron structures that can 
covalently or physically bind therapeutic agent and administrate it directly to the tumor cells [1]. Nanoparticles 
can be biodegradable and nonbiodegradable. The first type will disappear from the body after performing the 
desired action, due to hydrolysis or other biological process. The second type will probably stay in our body for 
very long time or even forever, what pose a potential danger on such objects. That’s why biodegradable – 
organic nanoparticles are frequently considered as safe, in comparison with inorganic. Nanoparticles designed as 
drug carriers should have diameter in a range of over twenty up to even hundreds of nanometers. The exact size 
can differ according to the administrated drug structure and nanoparticle destination. Size is one of the crucial 
nanoparticle features as it strongly influence their fate after administrating into the bloodstream. Another 
important characteristic is NPs surface charge that is defined by zeta potential. These two agents decide whether the 
nanoparticle will manage to avoid opsonization and removal from the bloodstream shortly after intravenous 
application. Thus nanoparticles having size below a hundred nanometers and slightly charged surface seem to be a 
perfect tool for targeted therapy. Depending on nanoparticles preparation method it is possible to obtain 
nanocapsules or nanospheres. Nanocapsules characterize with core – shell structure, where polymeric shell 
encloses often liquid core where drug is dispersed, whereas nanospheres consist of covalently modified polymeric 
chain where the active agent is attached. 

Biocompatibility and bioavailability of nanoparticles is necessary for them to be effective and safe as a drug 
carrier. Nanoparticles made from natural polymers such as chitosan, dextran, cellulose or starch are regarded as 
more biocompatibile due to their low toxicity and high biodegradability. [2] Dextran is already widely used in 
medical and pharmaceutical field. It is common component of eye drops and is often used as hematopoietic 
replacement agent. It is naturally synthesized by lactic - acid bacteria such as Leuconostoc mesenteroides and 
Streptococcus  mutan  and  is  enzymatically  degradated.  Because  of  easy  degradation  there  is  no  risk  of 
cumulating polymer inside organs what is particularly important when it comes to nanoparticles. [3] 

Preparation nanoparticles from polysaccharide gives an enhanced targeting properties thanks to increased 
requisition for glucose molecules. As Otto Warburg proven, cancerous cells are producing energy mainly by 
glycolysis. Following this thought, composed from the saccharide nanoparticles have a better chance to be up 
taken by malignant cells. [4] Nanoparticles are mostly integrated by endocytosis, phagocytosis and 
macropinocytosis, however there is still a lack of exact information about the actual uptake  mechanism. 
Generally, it is claimed that the most probable path of intracellular integration is either clathrin or caveolae 
mediated endocytosis. [5] 

Due to its polysaccharide structure dextran can be easily oxidized to polyaldehydedextran in the reaction 
with sodium periodate in aqueous solution. In this reaction glucose rings are open and oxidized without breaking the 
polysaccharide backbone. The oxidation of dextran chain opens further possibilities for its modification. 
Aldehyde groups afterwards, can form covalent links with amines, creating Schiff base. Further Amadori 
rearrangement can stabilize obtained compound. If the covalently linked groups are lipophylic we can observe a 
molecular selfassembly leading to nanoparticle formation, what is the main topic of this paper. The same 
chemical reaction was employed to attach anticancer drug and fluorescent probes. Attaching anticancer drug by 
Schiff base assures that the drug will be released inside a tumor cells after internalization, due to decreased pH in 
lisozomes. 

The aim of this paper is to obtain and characterize dextran nanoparticles designed for drug delivery and 
diagnosis. Nanoparticles were synthesized, adjusting proportions of reagents in order to obtain particles about 
100 nm. The cytotoxicity was tested in vitro on A549 human lung carcinoma, MCF10A human breast cells and
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MES-SA/Dx5 human uterine sarcoma cell lines. Futhermore, in vivo studies were conducted on mouse model of 
multidrug resistant human uterine sarcoma (MES-SA/Dx5). 
 

2. Methods 

Nanoparticles were obtained from 40 and 70 kDa dextran (Nobilus Ent), which was oxidized in aqueous 
solution with sodium periodate. The number of aldehyde groups in dextran chain was determined by the reaction 
with hydroxylamine hydrochloride and titration with sodium hydroxide nominated solution. The product was 
purified by dialysis against pure water for three days and dried overnight in 50ºC. Nanoparticles were prepared 
by mixing solution of polyaldehydedextran (PAD), dodecylamine hydrochloride and common anticancer drug – 
doxorubicin hydrochloride (Sequoia Research Products Ltd). In some cases fluorescent (9-aminoacridine) and 
non fluorescent (trypan blue) dies were also covalently linked. Reaction was carried out in 30ºC in water bath 
for 1,5 h. Product was purified by dialysis against pure water for an hour in order to remove non reacted 
substances. The diameter of nanoparticles was measured using Nanoparticle Tracking Analysis (NTA) with 
NanoSight. Subsequently, product was lyophilized and redissolved in order to examine if nanoparticles are 
stable after dry storage. Cell lines were grown and nanoparticles were tested for cytotoxicity by test MTT. To 
obtain fluorescent nanoparticles, fluorescent agent was covalently attached. 

To improve fluorescent properties, fluorescent nanocristals were precipitated inside polysaccharide 
nanoparticles. Fluorescent nanocrystals were precipitated by mixing 9-aminoacridine stearate tetrahydrofuran 
solution with water containing polysaccharide nanoparticles. 

3. Results 

Developed nanoparticles are bioavailable and biodegradable. Size range of synthesized particles was about 70 
to 100 nm, depending on polysaccharides and coiling agents used in synthesis, and was suitable for a drug 
carrier. Developed method is quick and safe as it does not concerns usage of any organic solvents. Nanocarrier 
gave no therapeutic response in cytoxicity tests, whereas nanoparticles with drug attached gave therapeutic 
effect comparable to toxic influence of doxorubicin. To confirm in vitro experiments the in vivo studies were 
conducted on the same type of carcinoma cell line. Too large dosage and too frequent administration turned out 
to be fatal for representative group of mice. However a medium dosage of 7,5 mg/kg injected intravenously 
every 6 days was not toxic for mouse organism in comparison with free doxorubicin administrated in the same 
way. The Tumor Growth Inhibiton (TGI) was defined and calculated and it oscillated at 29% for NPs with 
Doxorubicin (7,5 mg/kg) in 35 day of experiment. Free doxorubicin in the same dosage showed a fatal influence 
on studied group. 

Results of cancer cell staining with a use of fluorescent nanoparticles showed that polysaccharide 
nanoparticles are efficiently entrapped by the cancer cells, even dies that never enters the intact cell (trypan 
blue) can be efficiently transported into the cell interior. Organic fluorescent nanocristals precipitated inside 
polysaccharide nano-shells can serve as an efficient cancer detection and staining technique. Fluorescent organic 
nanocrystals due to its high quantum efficiency can be a safe and biodegradable alternative to quantum dots. 
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