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Nanomedicine  

 Nanomedicine involves the use of 

nanomaterials for medical 

purposes. 

 

 

 The advantages of special features 

of nanostructures increase 

efficiency and accuracy of medical 

diagnosis, treatment and 

observation at the level of 

individual molecules or molecular 

structures. 



Controlled drug delivery 

 Controlled drug delivery occurs when 
a polymeric material is combined 
with a medicament in such a way that 
medicament is released from the 
material in a predesigned manner. 

 

 The purpose behind controlling the 
drug delivery is to achieve more 
effective therapies while eliminating 
the potential for both underdosing 
and overdosing.  

 

 Other advantages: 

 the maintenance of drug levels within 
a desired range 

  the need for fewer administrations, 
optimal use of the drug in question,  

 and increased patient compliance. 



Biomacromolecules 

 Biomacromolecules  are used for controlled and targeted delivery of 

medicaments within the body.  

 

 They must not only be biocompatible and immunocompatible, but also be 

readily eliminated from the body, preferably through biodegradation.  

 

 Biodegradable polymers can be broadly classified into natural and synthetic, 

based on their origin. 

 

 Aliphatic polyesters can be considered as representatives of synthetic 

biodegradable polymers. 

 

 The commonly used monomers for aliphatic polyester synthesis for biomedical 

applications are lactide, glycolide, and caprolactone 

 



Poly (D,L-lactide-co-glycolide) (PLGA) 

Ascorbic acid (vitamin C, L-ascorbic acid) 

Ascorbic acid is very unstable in air, light, heat, moisture, presence of metal ions, 

oxygen, and base, and it easily decomposes into biologically inactive compounds.  



Dispersion of the polymer solution method, polymerization of the 
monomer method and coacervation (Thomasin et al. 1997, Qian et al. 
2002, Panyam et al. 2003, Bala et al. 2004). 

 

The PLGA spheres obtained with emulsion process are in range of 
150-200µm (Choi et al. 2005), 45µm (Philip et al.1997), 30µm 
(Daugherty et al. 1997).  

 

With modified emulsion method, the particle sizes are decreased to 
10µm (Jeong et al. 2003).  

 
Further modification of the process for synthesis of the particles i.e. 
emulsification solvent evaporation method, the obtained particles are in 
nanometer scale of 570-970nm (Feng et al. 2004), 244-260nm (Murakami et 
al. 1999, Murakami et al. 2000, Ravi Kumar et al. 2004).  

 

The PLGA particles obtained with emulsion evaporation method using 
SDS are between  67 ± 2 nm and 38 ± 2 nm  (C. E. Astete et al., Colloids 
and Surfaces A: Physicochem. Eng. Aspects, 299 (2007)) 



particle with encapsulated 

medicament 
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Overview 
 
  
 New and simple method of obtaining polymeric 
nanospheres 
 
 Encapsulation of medicaments within polymer matrix 
 
  
In vitro degradation and release tests  
 
 
 The cytotoxicity of  nanoparticles with human hepatoma 
cell lines 
 
  In vivo pharmacokinetics and biodistribution 
 
 
 
 



All other chemicals and solvents were of reagent grade.  

PLGA, Durect, Lactel, Adsorbable Polymers International 

 (lactide /glycolide 50/50, (40000-50000 g/mol), (time of resorbtion 4-8 

weeks) 

Molecular weight of ascorbic acid was 176.13 g/mol. 

 Polyvinyl pyrrolidone (povidone, PVP)  Merck Chemicals Ltd (k-25, 

Merck, Germany).  



 



The particle yield for various PLGA/ascorbic acid ratios 

PLGA/ ascorbic acid(%) 
Yield (%) 

(PVP) 

100/0 51.04 

85/15 52.10 

70/30 56.41 

50/50 52.80 

30/70 53.23 

Yield= [(weight of particles) / (weight of polymer+weight of the ascorbic acid)] x100  



Loading efficiency and loading amount of PLGA/ascorbic acid 
particles 

PLGA/ 
ascorbic acid 

Supernatant 
absorbance 
at λ=264nm 

Amount of 
ascorbic acid 

in 
supernatant 

(mg) 

Loading 
efficiency 

(%) 

Loading 
amount (mg) 

 
 

85/15% 
0.0394 0.1581 98.2 8.641 

 
 

70/30% 
0.1534 0.6214 97.1 20.799 

 
 

50/50% 
0.7758 3.1000 93.8 46.900 

Perkin-Elmer Lambda 35 Uv-vis Spectrophotometer 



XRD patterns of a) ascorbic acid, b) PLGA with encapsulated ascorbic acid 

(PLGA/ascorbic acid 85/15% wt)  and c) PLGA  

Philips PW 1050 diffractometer 



JEOL JSM-649OLV 
 

PLGA nanospheres without ascorbic acid PLGA/ascorbic acid 85/15% nanoparticles 

PLGA/ascorbic acid 70/30% PLGA/ascorbic acid 50/50% PLGA/ascorbic acid 30/70% 

Content of ascorbic acid 



JEOL JSM-649OLV 
 

PLGA nanospheres without ascorbic acid PLGA/ascorbic acid 85/15% nanoparticles 

PLGA/ascorbic acid 70/30% PLGA/ascorbic acid 50/50% PLGA/ascorbic acid 30/70% 

Content of ascorbic acid 



Comparative results of the stereological examining of a) PLGA nanospheres and 

nanoparticles with different ratio of PLGA and ascorbic acid b) PLGA/ascorbic acid 85/15 %; 

c) PLGA/ascorbic acid 70/30 %; d) PLGA/ascorbic acid 50/50 %; based on feret x or feret y 

PLGA  

PLGA/ascorbic acid 85/15% 

PLGA/ascorbic acid 70/30% 

PLGA/ascorbic acid 50/50% 

Leica Q500MC with Leica QWin software 



Comparative results of the stereological examining of a) PLGA nanospheres and 

nanoparticles with different ratio of PLGA and ascorbic acid b) PLGA/ascorbic acid 85/15 %; 

c) PLGA/ascorbic acid 70/30 %; d) PLGA/ascorbic acid 50/50 %; based on feret x or feret y 

PLGA  

PLGA/ascorbic acid 85/15% 

PLGA/ascorbic acid 70/30% 

PLGA/ascorbic acid 50/50% 

Leica Q500MC with Leica QWin software 



  

   

TEM images of ascorbic acid particles within PLGA polymer matrix (internal structures 

of PLGA/ascorbic acid 85/15% particles) (Scale bar is 20 nm) 

PLGA/ascorbic acid 
85/15% ~250nm 
 
Ascorbic acid particles 
5-20nm 

JEM-2010F 



UV spectra for a) PLGA, b) PLGA/ascorbic acid 85/15%, c) PLGA/ascorbic acid 70/30% 

and d) PLGA/ascorbic acid 50/50% after different periods of the degradation in PBS, with 

sodium azide, as degradation medium  

In vitro PLGA and PLGA/ascorbic acid degradation in PBS as degradation medium 



PLGA/ascorbic acid 85/15% 

PLGA/ascorbic acid 70/30% 

PLGA/ascorbic acid 50/50% 

Release of the ascorbic acid in percentages over the period of time of the degradation 

in PBS as degradation medium: cumulative curves and relative review 



SEM images of PLGA nanospheres after 17 (a) and 28 days (b) of the 

degradation in phosphate buffered saline 



SEM images of PLGA/ascorbic acid 85/15% nanoparticles after 17 (a) 

and 28 days (b) of the degradation in phosphate buffered saline 



SEM images of PLGA/ascorbic acid 70/30% after 17 (a) and 28 days 

(b) of the degradation in phosphate buffered saline 



SEM images of PLGA/ascorbic acid 50/50% after 17 (a) and 28 days 

(b) of the degradation in phosphate buffered saline 



after two days 

SEM images of PLGA 

nanospheres after a) two days, b) 

24 days and c) 39 days of the 

degradation in physiological 

solution 

after 24 days 

after 39 days 



after two days after 24 days 

after 39days 

SEM images of PLGA /ascorbic acid 

85/15 % nanoparticles after a) two 

days, b) 24 days and c) 39 days of 

the degradation in physiological 

solution 



after two days after 24 days 

after 39 days 

SEM images of PLGA /ascorbic 

acid 70/30% particles after a) two 

days, b) 24 days and c) 39 days 

of the degradation in physiological 

solution 



after two days 

 

after 24 days 

after 39 days 

 

SEM images of PLGA /ascorbic 

acid 50/50 % particles after a) two 

days, b) 24 days and c) 39 days of 

the degradation in physiological 

solution 



In vitro cytotoxicity of PLGA and 

PLGA/ascorbic acid 85/15% nanoparticles  

(HepG2, MTT)  

In vivo biodistribution – rat animal model  
 
(99mTc labeling and radiochemical purity )  



Survival of HepG2 ECACC; treated for 24 h 10.10.2008   
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Survival of HepG2 ECACC; treated for 24 h 16.10.2008 
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Survival of HepG2 ECACC; treated for 24 h (average) 
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8000cells/well (=45000 cells/ml), 24h 

Neither PLGA nanospheres nor PLGA/ascorbic acid 85/15% nanoparticles 

significantly affected the viability of the HepG2 cells!  

In vitro  



In vivo 

Scheme for radiolabeling, determination of radiochemical purity and 
biodistribution  

99m Tc (T1/2=6.02h, Eg=141keV)  

99Mo/99mTc  

Instant thin layer chromatography-silica gel (ITLC-SG) 

(NaI) γ counter 



The radiochemical purity results of 99mTc-PLGA, fifteen minutes after labeling 

 (mean values ± SD) 

sample CSnCl2xH2O PLGA 

0.9% saline acetone 

99mTc-

PLGA 

[%] 

TcO4
- 

[%] 

99mTc-

PLGA 

[%] 

TcO4
- 

[%] 

1 5μl 5ml 65.1±0.1 34.9±0.1 64.7±0.3 35.3±0.4 

2 10μl 5ml 87.1±0.1 12.9±0.2 88.0±0.1 12.0±0.2 

3 20μl 5ml 95.2±0.1 4.8±0.1 93.0±0.1 7.0±0.1 

sample CSnCl2xH2O 
PLGA/ascorbic 

acid 85/15% 

Radiochemical purity 

[%] 

Stability two hours after 

labeling 

[%] 

Rf=0 
Unidentified 

fraction 
TcO4

- Rf=0 
Unidentified 

fraction 
TcO4

- 

1 5μl 5ml 37.8±0.1 18.0±0.1 44.2±0.1 
30.0±

0.1 
8.4±0.1 

61.6± 

0.1 

2 10 μl 5ml 47.2±0.1 2.6±0.1 30.2±0.1 - - - 

3 20 μl 5ml 67.6±0.1 2.4±0.1 30.0±0.1 
62.5±

0.1  
6.3±0.1 

31.2± 

0.1 

4 30 μl 5ml 76.3±0.1 / 23.7±0.1 
76.2±

0.1  
- 

23.8± 

0.1  

The radiochemical purity results of 99mTc-PLGA/ascorbic acid 85/15%, fifteen minutes after 

labeling and stability two hours after labeling (mean values ± SD)  

(C SnCl2x2H2O=0.01M) 



Tissue Heart Lung Liver Spleen Kidney Stomach Intestine Blooda Boneb 

%ID/o

rgan 

(mean 

values 

± SD) 

0.07±0.01 0.8±0.3 98.4±0.1 1.9±0.1 1.2±0.5 0.14±0.1 1.81±0.05 0.26±0.01 0.37±0.01 

Organ distribution data in Wistar rats for 99mTc-PLGA, thirty minutes after 

application (% ID/organ, mean values ± SD) 

%ID/organ (a percentage of administrated doses per 

organ of animal) 

a-%ID/ml 

b-%ID/g 

Tissue / Time (min) 
after 30 min 

[%] 

after 60 min 

[%] 

after 120 min 

[%] 

Lung 1.97 ± 0.02 1.44 ± 0.01 0.80 ± 0.01 

Liver 22.0 ± 0.01 20.70 ± 0.01 18.80 ± 0.01 

Spleen 0.33 ± 0.01 0.40 ± 0.01 0.30 ± 0.03 

Kidney 2.60 ± 0.01 3.40 ± 0.01 4.30 ± 0.01 

Stomach 0.80 ± 0.01 0.90 ± 0.01 1.45 ± 0.01 

Intestine  4.70 ± 0.01 4.90 ± 0.01 5.00 ± 0.02 

Blooda 1.40 ± 0.01 0.84 ± 0.01 2.30 ± 0.01 

Organ distribution data in Wistar rats for 99mTc-PLGA/ascorbic acid 85/15% 

 (% ID/organ, mean values ± SD) 



+water 

solution of 

folic acid  

dissolving  precipitation 
stabilization 

with zeta 

potential 

step 1 step 2 step 3 step 4 

centrifugation 

decanting 

drying 
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5,6,7 

Scheme of the synthesis of the PLGA/folic acid nanoparticles  

Folic acid 441.14 g/mol (MicrovitTM, Adisseo)  



Graph of the linear relationship between folic 

acid concentration (mg/mL) and the 

absorbance at 362 nm as obtained from samples 

of known folic acid concentration. 

PLGA/folic acid 

% 

supernatant 

absorbance 

(362nm) 

amount of 

folic acid in 

supernatant 

(mg) 

loading 

efficiency 

(%) 

loading  

amount 

(mg) 

95/5 0.11952 2.7849 78.9 10.4148 

90/10 0.26407 6.3936 77.0 21.406 

85/15 0.43524 10.9368 75.2 33.1632 

80/20 0.57048 14.375 77.0 48.125 

GBC, Cintra 101 



IR spectra of the PLGA/folic acid 95/5 
% nanoparticles 
 

IR spectra of the PLGA 

nanoparticles without folic acid 

Besides the characteristic groups for copolymer PLGA, the spectra show all the 

characteristic groups for folic acid.  

 

 
MIDAC M 2000 Series Research Laboratory FTIR Spectrometer  



SEM images of particles with different ratio of PLGA and folic acid 

PLGA PLGA/folic acid 95/5% 

PLGA/folic acid 90/10% 
PLGA/folic acid 85/15% 



Comparative results of the stereological study of a) PLGA nanospheres and 
nanoparticles with different ratio of PLGA and folic acid b) PLGA/folic acid 95/5 %; 
c) PLGA/folic acid 90/10 %; d) PLGA/folic acid 85/15 %; based on maximal 
diameter of the particle Dmax 



Zeta potential of PLGA dispersion without and with different concentration 
of folic acid  

PLGA/folic acid pH Zeta potential (mV) 

100/0 % 4.30 -9.6±0.3 

95/05 % 4.34 -9.3±0.3 

90/10 % 4.37 -9.0±0.4 



Comparative curves for the dependence of the 
absorbance maximum (λ=362 nm) from the time 
of the degradation for the PLGA without and with 
folic acid  

a) Cumulative curve of the release of the folic acid in percentages over the period of time 
of the degradation; b) Relative review in percentages of the folic acid release over the 
period of time of the degradation 



Scheme of obtaining silver nanoparticles 

 

Silver nanoparticles (AgNps) have attracted significant interest in biological studies 

because of their ease of preparation and their relatively large surface area. Silver is 

also a powerful killer of many viruses and a potential antibacterial agent.  



Figure  a) UV–Vis spectra of bare and PGA-capped silver nanoparticles recorded 

immediately after preparation, and b) Digital photo showing volumetric flasks containing the 

negative control (A), bare (B) and capped silver nanoparticles (C). 

UV measurements were performed to estimate the formation and stability of the 

AgNps and AgNpPGAs. UV-VIS absorption spectra have been shown to be 

relatively sensitive to the formation of silver colloids, as AgNps have an intense 

absorption band due to surface plasmon excitation.  



The temperature effect during the green and one-pot four-component synthesis of silver nanoparticles 

Figure UV-visible spectra of silver nanoparticles showing the influence of reaction temperature 

(reaction time 90min). 

 



Time dependant effect in green and one-pot four-component synthesis of silver nanoparticles  

Figure  UV-visible spectra of the PGA capped silver particles at different times 

during the reaction: (1) 1 min, (2) 3 min, (3) 10 min, (4) 30 min, (5) 60 min, (6) 

90 min (reaction temperature 100ºC). 



FESEM images of silver 

nanoparticles obtained with 

PGA as capping agent 

The FESEM measurements 

were performed on a SUPRA 

35 VP Carl Zeiss field-

emission scanning electron 

microscope 



  

                  

Figure  a) Scheme of the green synthesis of the bare and capped silver nanoparticles. 

b) FESEM images of capped silver nanoparticles with 0.1% PGA (inset shows arbitrarily 

magnified particle). 



  

Figure TEM images showing multiply twinned silver nanoparticles and the corresponding SAED 

pattern of silver nanoparticles (H-hexagonal; C-cubic). 



Figure  a) UV-visible spectra of bare silver nanoparticles and capped with different amount of 

PGA as capping agent, b) Absorbance maximum displacement depending on the concentration 

of capping agent; c) Increase of the absorbance maximum depending on the concentration of 

capping agent and d) Stability of bare and PGA capped silver nanoparticles three months after 

synthesis. 



Induction of intracellular reactive oxygen species 

Both samples induced a significant increase in formation of intracellular reactive oxygen species, but only at the 

highest tested concentration (10% v/v), whereas the bare silver nanoparticles had a stronger influence on 

formation of reactive oxygen species compared with PGA (0.1)-capped silver nanoparticles. Reactive oxygen 

species formation increased by 2.2-fold after five hours of exposure to the bare silver nanoparticles and was 1.8-

fold higher than in control cells after exposure to PGA (0.1)-capped silver nanoparticles 

Kinetic of ROS formation during 5 hour exposure to AgNp 

or AgNpPGA (0.1) (A and B); each point represents the 

mean of five replicates (±SD) of representative 

experiment. Increase of DCFH fluorescence intensity in 

cells exposed to AgNp or AgNpPGA (0.1) after 5 hour 

exposure (C); 



FESEM images of PLGA/AgNpPGAs 

spherical particles  



Commercials granules poly(D,L-lactide) (PLA)  

Horseradish peroxidase (HRP), a model protein, was encapsulated within polymer 

poly(D,L-lactide) (PLA)  

SEM image of HRP-loaded PLA spheres  



Aqueous protein 
solution 

Organic solvent 

Droppwise 
addition in 
surfactant 

Secondary 
aqueous 
phase  

Homogenization Magnetic 
stirrer 

Centrifugation Decanting/drying 

Homogenization 

Spheres 

Shematic diagram of manufacturing process for HRP-loaded PLA spheres 



UV spectra of the solution with a known  

concentration of HRP  

Graph of the linear 

relationship between 

HRP concentration 

(mg/ml) and 

absorbance at 403 nm 

as obtained from the 

samples with known 

HRP concentration  

UV spectra of HRP from the supernatant  

The loading efficiency of HRP in PLA 

spheres is 46%  



FESEM images of HRP-loaded PLA spheres prepared by modified precipitation 
method  



Stereological analysis of PLA-HRP spheres based on Dmax.  

Cosolvent: EtOH; stabilizer: PVA (20ml 5%w/v), 
Homogenizer speed: 21 000 rpm; Chloroform to 
water ratio: 1:13.33  



SDS-PAGE of proteins extracted from HRP-loaded PLA microspheres for the assessment of protein stability. (Lanes M1, M2 and M3) 

Molecular weight standard markers (M1(Protein molecular weight markers-Amersham 6500-20500 Da), M2 (BSA-66 kDa, Albumin-

45 kDa and Carbonic Anhidraze-29 kDa), M3 (Albumin-45 kDa)). Lanes (1), (2) and (3) HRP (45 kDa) extracted from microspheres 

Protein stability 

The structural integrity of proteins extracted from spheres was characterized by sodium dodecyl sulfate 

poly(acryl amide) gel electrophoresis (SDS-PAGE).  

The proteins extracted from the HRP-loaded PLA microspheres showed good stability 

without structural integrity changes. The protein extracted from HRP-loaded PLA 

spheres showed same retention time of native HRP without the trace of protein 

aggregates and degradation process.  



Summary 

 Different medicaments (water soluble vitamins (ascorbic acid, folic acid), protein 
(horseradish peroxidase-HRP), silver nanoparticles) have been successfully 
encapsulated into polyester micro and nanospheres thus creating nanoparticles with 
various morphological characteristic depending of the concentration of the active 
substance.  

 

 In vitro degradation process and release tests, cytotoxicity, labeling polyester particles 
by 99mTc and biodistribution of PLGA nanoparticles without and with encapsulated 
medicament were examined. PLGA nanospheres with encapsulated ascorbic acid 
exhibit prolonged blood circulation accompanied by time dependent reduction in lung, 
liver and spleen, and addition in kidney, stomach and intestine.  

 

 The obtained results indicate that neither PLGA nanospheres nor PLGA/ascorbic acid 
85/15% nanoparticles significantly affected the viability of the HepG2 cells. 

 

 Silver nanoparticles were prepared by modified chemical reduction method with 
saccharide as reducing agent and with poly (α, γ, L-glutamic acid) as capping agent 
and were additionaly encapsulated within PLGA particles to ensure their release and 
therefore the antimicrobial effect over an extended period of time. 

 

 HRP-loaded PLA spheres were successfully prepared by the modified precipitation 
method that was previously applied for blank PLA and PLGA nanospheres. The HRP-
loaded microspheres have been successfully formulated with spherical morphology, 
suitable particle size, high protein encapsulation efficiency and good protein stability. 
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