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Abstract. In this study, we investigated the toxic properties of synthesized immunomagnetoliposomes of the following 

composition: phosphatidylcholine - cholesterol - disteroylphosphoethanolamine-polyethylene glycol (2000) - magnetite 

- antibodies to histone H3. Their dimensional characteristics were studied by the dynamic light scattering method. It was 

revealed that liposomal nanoparticles have dimensions of 176.4 ± 12.9 nm. Data on the toxicity of the synthesized 

nanoparticles in relation to human blood cells: liposomes in cells to liposomes ratio from 1/1 to 1/1000 have no toxic 

effect on lymphocytes; lactate dehydrogenase (LDH) release from human blood erythrocytes has been observed in the 

case of cells/liposomes ratio 1/100-1/1000 after the incubation with liposomes containing sodium azide (0.03%). 
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List of Abbreviations 

CTAB – cetyltrimethylammonium bromide 

DSPE-PEG – disteroylphosphoethanola-

mine-polyethylene glycol 

LDH – lactate dehydrogenase 

NETs – neutrophil extracellular traps  

 

Introduction 

Targeted drug delivery is a rapidly develop-

ing area of medicine now. Researchers are ac-

tively looking for the new ways of target deliv-

ery and improvement of present analytical 

methods. Liposomes take a special place among 

such agents due to the fact that they can be used 

to neutralize the toxic effect of drugs on healthy 

tissues (Baryshnikov., 2012; Krasnopol'skij et 

al., 2012; Nakvasina & Artyuhov, 2015). Cur-

rently, research devoted to the creation and pos-

sible practical application of liposomes is being 

actively carried out, including development of 

magnetically sensitive nanoparticles. For exam-

ple, liposomes withу incorporated iron oxide 

nanoparticles are effective in the treatment of 

iron deficiency anemia in Wistar rats (Fathy et 

al., 2019). The use of magnetically controlled 

liposomes for targeted drug delivery seems 

promising, also iron oxide may act as an MRI 

contrast agent. 

One of the ways of anticancer drugs delivery 

may be their transfer to the tumor through neu- 

 

trophil extracellular traps (NETs). A study by 

Cools-Lartigue et al. (Cools-Lartigue et al., 

2014) showed that after the stimulation with 

phorbolmeristacetate neutrophils form reticu-

lar DNA around A549 lung cancer cells. It is 

also known that tumor cells interact with NET 

structures, being adsorbed on them through 

the β1-integrin molecule (Najmeh et al., 

2017). All these data allow us to consider 

NETs as possible targets for anticancer drugs 

delivery. The site of interaction between lip-

osomes and NETs can be histone H3 mole-

cules, which are an integral part of extracel-

lular networks, but do not circulate in free 

form in the blood stream (Korotina & Gener-

alov, 2012). In this regard, immunoliposomes 

coated with antibodies to histone H3 as a vec-

tor have been developed. 

In this work we investigated the toxic prop-

erties of the immunomagnetoliposomes synthe-

sized by us. Magnetite nanoparticles coated 

with cetyltrimethylammonium bromide (Shi-

lova et al., 2019) are used as a magnetically 

sensitive substance, since antibodies to histone 

H3 were attached as vector. 

The purpose of these studies was to study the 

toxicological properties of immunomagnetolip-

osomes synthesized in our laboratory earlier in 

relation to human blood cells. 
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Materials and Methods 

Ethical statement 

The study was carried out in accordance with 

the standards of Good Clinical Practice and the 

principles of the Helsinki Declaration of 1975 

and its revised version from 2013. Prior to in-

clusion in the study, written informed consent 

was obtained from all participants, and the 

study itself was approved by the Local Ethics 

Committee.  

 

Obtaining immunomagnetoliposomes 

Liposomes were synthesized by the hydra-

tion / rehydration method (Shilova et al., 2018). 

A solution of phosphatidylcholine (0.5%), cho-

lesterol (0.5%) and DSPE-PEG (0.1%) in ethyl 

alcohol was evaporated in a Control RV10 ro-

tary evaporator at a water bath at 60 °C. 0.1 M 

sodium phosphate buffer with magnetite nano-

particles (1 mg / ml) were added to the obtained 

lipid film and stirred for 1 minute. Antibodies 

to histone H3 were incubated with Trout's rea-

gent for 1 hour. Thiolated antibodies were 

added to the synthesized liposomes and incu-

bated for 12 hours at 4 °C. The next step was 

the dispersion of the obtained liposomes by ex-

posing the solutions to ultrasound with an ultra-

sonic disintegrator Qsonica Sonicators for 15 

minutes (20 kHz, pulse 10 seconds with a break 

of 3 seconds). 

 

Investigation of the sizes of synthesized na-

noparticles by dynamic light scattering 

The size of the obtained liposomes was 

measured on a dynamic light scattering spec-

trometer Zetasizer Nano ZSP (Malvern, UK). 

Measurements were performed in a cuvette 

with an optical path length of 1 cm at 37 °С. 

 

Determination of the nanoparticles’ toxicity 

to human erythrocytes 

The suspension of erythrocytes obtained 

from the blood of donors has been used as the 

research object at the day of the blood draw. 

Erythrocytes have been washed 3 times with 

centrifugation in physiological solution at 1500 

rpm during 10 minutes. The obtained suspen-

sion of erythrocytes was adjusted to the optical 

density (D412) 0.8 and then used in experi-

ments. The erythrocytes suspensions were pre-

liminary incubated for 1 hour with empty lipo-

somes and liposomes containing 0.03% sodium 

azide in erythrocytes/liposomes ratios 1/1, 1/10, 

1/100, 1/1000. Then erythrocytes were centri-

fuged at 3000 rpm using the MPV-340 centri-

fuge. The destruction of erythrocytes was esti-

mated based on the lactate dehydrogenase re-

lease by determining its activity in supernatant 

(Artyukhov & Nakvasina, 2000). 

2.8 ml of supernatant and 0.1 ml of NADH 

were added into a quartz cuvette for spectro-

photometer to obtain the final concentration  

5.4  10-5 M. The optical density D1 was 

measures at 340 nm with the Shimadzu UV-

2401 spectrophotometer. Then 0.1 ml of so-

dium pyruvate has been added and its final con-

centration in the reaction mixture was 1.5  

 10-3 M, the optical density D2 has been meas-

ured 30 seconds later. The catalytic activity of 

lactate dehydrogenase was estimated using the 

formula: 

А = (D1 – D2)  Vf / (ε  l  t), 

ε – molar extinction coefficient of NADH, that 

equals to 6,22103 mole-1 cm-1, l – optical path 

length, t – incubation time (30 sec), Vf – final 

volume of the reaction mixture (3 ml). 
 

Determination of the nanoparticles’ toxicity 

to human blood lymphocytes 

Human blood lymphocytes were obtained 

with Ficoll-verografin density gradient centrif-

ugation (ρ = 1.077 g/cm3). Nanoparticles were 

added to the lymphocytes in the same ratios as 

in the experiment with erythrocytes. 

Viability determination of the obtained cell 

fraction has been performed with the flow cyto-

photometer Guava easyCyte 8 HT (MerkMilli-

pore Group, USA) according to GUAVA VIA 

COUNT kit protocol. The cell samples with the 

viability not less than 98% have been used in 

this research. 
 

Statistical data processing 

Statistical processing of the results was 

carried out using the software packages Mi-

crosoft Excel 2010. The significance of dif-

ferences between the control and experi-
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mental values was established using the Stu-

dent's t-test. In the procedures of statistical 

analysis, the achieved level of significance 

(p) was calculated, while the critical level of 

significance in this study was taken equal to 

0.05. The obtained data was presented as the 

arithmetic mean and its standard deviation 

(M ± Sd). 

 

Results 

The obtained liposomal nanoparticles 

(Fig. 1) had the following structure. 

The liposome size was controlled by dy-

namic light scattering. The study of the size of 

the obtained liposomes showed that the liposo-

mal nanoparticles are 176.4 ± 12.9 nm in size 

(Fig. 2). This size allows us to consider the ob-

tained liposomes as possible agents for targeted 

drug delivery. 

For the estimation of the toxicity of the 

resulting liposomes, it is necessary to control 

their concentration. We calculated the con-

centration of liposomal nanoparticles as fol-

lows. 

The number of molecules per liposome was 

calculated based on the formula proposed by 

Huang and Mason (1978). 

 
where: Ntot is the total number of molecules,  

d is the liposome diameter, h is the bilayer 

thickness (about 5 nm), a is the lipid head area 

of 0.71 nm2. 

The number of liposomes in the solution was 

calculated based on the molar mass of lipids in-

cluded in the liposome and their concentration 

by the formula: 

 
where Nlipo is the number of liposomes; n1, n2, 

n3 – amount of lipids (mol); Ntot is the number 

of molecules in one liposome; NA – Avogadro's 

number – 6.02 × 1023. 

The toxic effect of liposomes was evaluated 

by adding the synthesized nanoparticles in ra-

tios of chlorella cells / liposomes from 1/1 to 

1/000. The effect of «empty» liposomes and lip-

osomes containing sodium azide in their com-

position at a concentration of 0.03% was also 

investigated.  

The toxic effect of immunomagnetolipo-

somes on erythrocytes was estimated based the 

lactate dehydrogenase release from the cells. 

During the research in was observed that there 

is no increase of lactate dehydrogenase concen-

tration in supernatant compared with control in 

case of incubation of the cells with empty lipo-

somes at cells/liposomes ratio 1/1–1/1000 

(Fig. 3). 

In case of the incubation of erythrocytes with 

liposomes containing sodium azide the increase 

of lactate dehydrogenase release from cells has 

been observed at ratio 1/100–1/1000. 

Lymphocytes viability was determined with 

flow cytofluorimetry. It was shown that lipo-

somes have no toxic effect on human blood 

lymphocytes (Fig. 4).

 

 

Fig. 1. The membrane's schematic structure of synthesized magnetoimmunoliposomes 
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Fig. 2. The size distribution of soy lecithin liposomes with incorporated magnetite nanoparticles 

 

 

Fig. 3. Release of LDH from human erythrocytes during their incubation with liposomes 

 

 

Fig. 4. Viability of human blood lymphocytes upon addition of nanoparticles 
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Discussion  

Data on the toxicity of the synthesized nano-

particles in relation to human blood cells: lipo-

somes in cells to liposomes have no toxic effect 

on lymphocytes; LDH's release from human 

blood erythrocytes has been observed in case of 

cells/liposomes ratio 1/100–1/1000 after the in-

cubation with liposomes containing sodium az-

ide (0.03%). Sodium azide is a toxic chemical 

that accumulates in the mitochondria and 

causes the disjunction of oxidative phosphory-

lation. We used this substance as a model sys-

tem for the estimation of liposomes stability 

and the yield of a drug in them. It is known that 

inhibition of catalase activity by sodium azide, 

including the action of iron chloride, the rate in-

creases erythrocyte hemolysis.  Hemolysis of 

erythrocytes under the influence of hydrogen 

peroxide can be the result of not only damage 

to the lipid component of membranes. Sulfhy-

dryl group’s oxidation of membrane proteins 

can also lead to lysis of red blood cells (McMil-

lan et al., 2005). 

The available data must be taken into ac-

count when assessing the possible toxic effect 

of liposomes on human blood cells.            

 

Conclusion  

During the carried research it the effect of 

synthesized immunomagnetoliposomes on hu-

man blood erythrocytes and lymphocytes has 

been studied. It has been established that empty 

liposomes have no toxic effect on the cells at 

studied concentrations (cell to liposomes ratios 

from 1/1 to 1/1000); in case of liposomes with 

0.03% sodium azide the destruction of erythro-

cytes is observed at cells/liposomes ratio  

1/100–1/1000. 
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