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ABSTRACT

Nanotechnology presents a modern field of science that in the last twenty-five years plays a dominant role in
the biomedicine. Different analytical methods are used for evaluation of the physico-chemical properties of
nanoparticles including chromatography, electrophoresis, X-ray scattering, spectroscopy, mass spectrometry,
zeta potential measurement and microscopy on which this article will focus.

Herein, we present novel application of the long-established TEM technique that is focused on characterization
and evaluation of various nanoparticles in development of drug delivery systems.

Transmission electron microscopy images were taken of samples from native nanoparticles, nanoparticles
labeled using stannous chloride labeling procedure, inorganic silica nanoparticles loaded with budesonide
and native micelles and micelles carrier of anticancer drug camptothecin. In the case of radiolabeled nano-
particles, beside for nanoparticle characterization, TEM technique was used to confirm the stability of the
nanoparticles after radiolabeling. Furthermore, the porous structure of hybrid silica particles loaded with
budesonide was examined under TEM.

Transmission electron microscopy technique offers exceptional benefits for nanoparticle characterization.
Additionally, the necessity of ultrastructural analysis demonstrates the potential of TEM in the field of na-
nomedicine. Hence, the long-established and well-known TEM has been only partially exploited and offer
researchers very detailed images of specimens at microscopic and nano scale.
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INTRODUCTION

Nanotechnology presents a modern field of
science that in the last twenty-five years plays a
dominant role in the biomedicine e.g., development
of new drug delivery systems, diagnostic tools,
scaffolds and etc. [1-3]

Additionally, research in the field of biomed-
icine focused on nanoscience has been dramatically

increased which is proved with more than 60 000
published articles in qualified journals since 1995
and nowadays this discipline is known as nano-
medicine [4].

Great variety of nanoparticles with special
advantage of those in the range 1-100 nm have
been used for research in different applications
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namely, for drug delivery systems, contrast agents
for in vivo imaging, sensor for detection of cells
or organic components in living organisms and/or
scaffolds in tissue engineering [4-6]. Nanoparticles
can be made from different materials covering the
space between organic and inorganic and various
configurations between spheres, rods, cubes, etc.
The world of nanoparticles gets more interesting
since their surface can be functionalized which al-
lows them to target specific cell types [4, 7].

Different analytical methods are used for
evaluation of the physico-chemical properties of
nanoparticles including chromatography, electro-
phoresis, X-ray scattering, spectroscopy, mass
spectrometry, zeta potential measurement and mi-
croscopy on which this article will focus.

Namely, transmission electron microscopy
represents one of the most valuable and powerful
technique for characterization of nanoparticles. Its
high resolution of structural details is considered es-
sential for example to obtain information regarding
the crystal structure and granularity of nanoparti-
cles [8]. TEM is considered indispensable method
for development of drug delivery systems since
one can also explore the possible alterations in the
morphology of the nanoparticle after incorporation
of drugs at different concentrations [3, 7-10].

Besides its irreplaceable role in characteriza-
tion of biological tissues, herein, we present novel
application of the long-established TEM technique
that is focused on characterization and evaluation
of various nanoparticles in development of drug
delivery systems.

MATERIALS AND METHODS

Materials

Uranyl acetate (Sigma Aldrich, Belgium),
Ethanol (Merck, Germany), Poly(vinyl) formal
(Sigma-Aldrich, Belgium), Chloform (Merck, Ger-
many) and MilliQ water was used. The Faculty of
pharmacy in Skopje, Macedonia developed different
nanoparticles covering different size range. Copper
grid 100 mesh (Sigma Aldrich, Belgium) covered
only with formvar or formvar/carbon was used for
all TEM analysis.

Preparation of formvar film coated grids

25 mg polyvinyl formal was dissolved in 50
mL chloroform and was stirred for 24 hours on room

temperature. Before use, the solution was filtered and
placed in a container where clean-glass slide was in-
serted and was let to sit at least a minute. Afterwards,
the slide was removed from the container and filter
paper was used for complete drying. Slide edges
were scraped with a razor blade to loosen film. Grids
were placed onto the film with shiny side down.

Grid carbon coating

Formvar film coated copper grids were addi-
tionally stabilized with carbon film that was applied
automatically under vacuum from 10 Pa to 0 Pa with
Carbon coater (Jeol JEC-530, AutoCarbon Coater,
Japan).

Native and radiolabeled nanoparticle samples

Poly (lactic-co-glycolic acid): Poloxamer
blend amphiphilic nanoparticles were prepared using
modified nanoprecipitation technique and afterwards
were radiolabelled using stannous chloride and sodi-
um borohydride. Details of the preparation procedure
is described in details elsewhere [6].

Samples were stained with 2% uranyl acetate,
and then small volume (2 ul) was placed on 100-
mesh formvar coated copper grid with additional car-
bon film. The grid was set up on filter paper in order
to absorb excess solvent and dried under vacuum.

Inorganic silica nanoparticle loaded with
budesonide samples

Budesonide loaded inorganic silica particles
were prepared by acetic acid catalyzed hydrolysis
and polycondensation of TEOS in ethanol/ water
mixture at room temperature, followed by spray
drying. Details of the preparation procedure is de-
scribed elsewhere [10]. The porous structure of the
samples was characterized using TEM. The sam-
ples were prepared by dispensing the particles in
MilliQ water followed by vigorous mixing. Then,
a small quantity of the particles dispersion (2uL)
was placed on coated copper grid (100 mesh) with
additional carbon film. The grid was placed on filter
paper (WhatmanTM 42, Austria) in order to absorb
excess solvent and air dried at ambient temperature.

Block copolymer carrier for 7-ethyl-10-hy-
droxy camptothecin samples

Amphiphilic poly(acryliacid)-poly(e-caprol-
actone)-poly(acrilacid) block copolymer carrier for
7-ethyl-10-hydroxy camptothecin (micelles) were
prepared by nanoprecipation method which in details
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is described elsewhere [11]. Samples of native mi-
celle solution were stained with 2% aqueous solution
of uranyl acetate and small amount (2uL) of each
sample was placed on formvar/carbon coated copper
TEM grid (100 mesh). Excess solvent was absorbed
using filter paper and the grid was allowed to dry in
a vacuum oven.

Transmission electron microscopy character-
ization

Transmission electron microscopy images
were taken of samples from native nanoparticles,
nanoparticles labeled using Stannous chloride labe-
ling procedure (SCLP), inorganic silica nanoparticles
loaded with budesonide and native micelles and mi-
celles carrier of anticancer drug camptothecin. After
drying, each sample was loaded into TEM (JEM-
1400, Jeol, Japan) attached to digital camera (Veleta
TEM Camera, Olympus, Germany) and controlled
by iTem software v.5.

RESULTS AND DISCUSSION

Transmission electron microscopy is con-
sidered to be among the most valuable tools and
techniques for detailed physicochemical character-
ization of nanoparticles [ 1-11]. This is supported by
published literature, since during the last 20 years
more than 15 000 articles that deal with this subject
practice TEM among other methods for characteri-
zation [4]. Moreover, to add to the fact that TEM is
invaluable tool in nanomedicine, is that more than
7000 scientific articles in the last 15 years use this
technique to explore the effects of nanostructures
on biological systems. Moreover, 2400 scientific
articles were published in the period of 2014 to
2016 [4].

Herein, we present TEM analysis on nano-
particles that have been performed in our laborato-
ry focused on drug delivery systems.

In the case of radiolabeled nanoparticles, be-
side for nanoparticle characterization, TEM tech-
nique was used to confirm the stability of the nano-
particles after radiolabeling. Hence, TEM imaging

of the sample was performed at the beginning and
at the end of SCLP.

TEM images clearly present that there were
not any changes in the spherical morphology,
smooth surface, and size of the nanoparticles dur-
ing the labeling procedure (Figure 1). On the oth-
er hand, presence of distinctive large irregularly
shaped particles of stannic oxide were identified in
the sample at the end of SCLP (Figure 2) [6].

Figure 1. Transmission electron microscopy images of
native sample of the prepared amphiphilic nanoparti-
cles (a) x60k magnification, (b) x40k magnification
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Figure 2.Transmission electron microscopy images (a)
and (b) of sample after the SnCI2 radiolabeling proce-
dure (%60k magnification)

Other application of a TEM technique that we
are reporting herein is in a study of hybrid-silica-xe-
rogel particles that were developed as carriers of
budesonide (BDS) for efficient local treatment of in-
flammatory bowel diseases [10]. In this study, TEM
was utilized to analyze the shape and morphology of
the prepared inorganic silica and hybrid silica parti-
cles. Figure 3a is evidence for the uniform size of the
well-formed spherical shape and smooth surface of
the inorganic silica particles, whereas Figure 3b and
3¢ demonstrates the hybrid silica particles that are
slightly larger porous spheres.

oy

Figure 3. a) Inorganic silica particles; b and c) hybrid
silica particles

Additionally, TEM technique was used to
confirm the surface, the shape and the unimodal dis-
tribution of the particles in the study that aimed to
develop self-assembled polymeric micelles for tar-
geted delivery in tumor cells [11].The particles are
shown on Figure 4. Authors used TEM as confirm-
atory and added value technique to the particle size
analysis of the sample in the reported research [11].
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Figure 4. TEM images of loaded nanoparticles a) x8000
magnification b) x 20000 magnification

Nanotechnology is at the forefront of devel-
opment of novel materials from gold nanoparticles
for targeted delivery in cancer cells through carbon
nanotubes in renewable energy [3, 4].

Despite nanoparticles’ diverse application,
the performance of all nanoparticles is defined by
the same physical properties, including particle
size, size distribution, shape, and surface feature.

Nanoparticle size characterization therefore
presents key step in nanotechnology research &
development and quality control [12]. During the
development phase especially in pharma industry,
electron microscopy is one of the most powerful
tools for determining these critical performance-de-
fining attributes. This is in detail reflected by the
US Food and Drug Administration’s (FDA) rec-
ommendation of the technique in identifying and

demonstrating the efficacy and safety of innovator
and generic drug submissions [12].

CONCLUSION

Transmission electron microscopy tech-
nique offers exceptional benefits for nanoparticle
characterization. Additionally, the necessity of
ultrastructural analysis demonstrates the potential
of TEM in the field of nanomedicine. Hence, the
long-established and well-known TEM has been
only partially exploited and offer researchers very
detailed images of specimens at microscopic and
nano scale.

REFERENCES

1. Atherton OE, Robins RW, Rentfrow PJ, Bobo D,
Robinson KJ, Islam J et al. Nanoparticle-based
medicines: a review of FDA approved materials
and clinical trials to date. Pharm Res 2016; 33:
2373-87.

2. Lim Ct, Han J, Guck J, Espinosa H. Micro and
nanotechnology for biological and biomedical
applications. Med Biol Eng Comput 2010; 48:
941-3.

3. Costanzo M, Carton F, Malatesta M. Microscopy
techniques in nanomedical research. Microsco-
pie 2017; 3: 66-71.

4. Malatesta M. Transmission electron micros-
copy for nanomedicine: novel applications for
long-established Techniques Eur J Histochem
2016; 60(4): 2751.

5. Mehta A, Ghaghada K, Mukundsan S Jr. Mo-
lecular imaging of brain tumors using liposomal
contrast agents and nanoparticles. Magn Reson
Imaging Clin N Am 2016; 24: 751-63.

6. Geskovski N, Kuzmanovska S, Simonoska
Crcarevska M, Calis S, Dimchevska S, Petrusevs-
ka M, Zdravkovski P, Goracinova K. Compara-
tive biodistribution studies of technetium-99m
radiolabeled amphiphilic nanoparticles using
three different reducing agents during the label-
ing procedure. J Labelled Comp Radiopharm
2013; 56(14): 689-95.

7. Friedman AD, Claypool SE, Liu R. The smart
targeting of nanoparticles. Curr Pharm 2013; 19:
6315-29.

8. Lin PC, Lin S, Wang PC, Sridhar R. Techniques
for physicochemical characterization of nanoma-
terials. Biotechnol Adv 2004; 32: 711-26.

Unauthentifiziert | Heruntergeladen 20.11.1921:09 UTC



7 Marija Petrushevska et al.
9. Williams DB, Carter CB. Transmission Electron Goracinova K. Synthesis and self-assembly of
Microscopy A textbook for material science, 2nd amphiphilic poly(acrylicacid)-poly(e-caprolac-
edition New York, Springer 2009. tone)-poly(acrylicacid) block copolymer as nov-
10. Petrovska-Jovanovska V, Geskovski N, Crcarevs- el carrier for 7-ethyl-10-hydroxy camptothecin. J
ka MS, Memed O, Petrusevski G, Chachorovska Biomater Appl 2015; 29(6): 867-81.
M, Petrusevska M, Poceva-Panovska A, Mlade- 12. US FDA Guidance for Industry Analytical Proce-
novska K, Ugarkovic S, Glavas-Dodov M. For- dures and Methods Validation Chemistry, Manu-
mulation and characterization of ORMOSIL par- facturing, and Controls Documentation.
ticles loaded with budesonide for local colonic  13. Xue-Li Du, Wen-Bo Li, and Bo-Jie Hu. (2018)
delivery. Int J Pharm 2015; 484(1-2): 75-84. Application of artificial intelligence in ophthal-
11. Djurdjic B, Dimchevska S, Geskovski N, Petru- mology. Int J Ophthalmol 11(9): 1555-1561.

sevska M, Gancheva V, Georgiev G, Petrov P,

Pe3ume

TPAHCMUCHUCKA EJIEKTPOHCKA MUKPOCKOIINJA:
HOBA IPUMEHA HA BOCIIOCTABEHATA TEXHUKA BO KAPAKTEPU3ALIUJA
HA HAHOYECTHUYKHU KAKO CUCTEMM 3A UCIIOPAKA HA JIEK

Mapuja IlerpymeBcka', Kpucruna IlaBioBckal,
JoBanka JlackoBa?, [lanue 3apaBkoBcku’, Mapuja [naBam lonos?

! Menutuacku (akyiaret, HCTUTYT 3a MPETKINHUYKA M KIMHHYKA (HApMAKOJIOTHja U TOKCHKOJIOTH]a,
Ckomje, Makenonuja

2 MenuiHckn dakynteT, UHCTUTYT 3a maronoruja, Cxromje, MakegoHuja
3 MapmarieBrcku (akynret, MHCTHTYT 3a (hapmarieBTcka TexHosoruja, Ckormje, Makenonuja

Hanorexnonoruja npercraByBa HOBO MOJICPHO HAYYHO TOJIE, KO€ BO MOCICAHUTE 25 TOANHH JJOMUHH-
pa Bo OmomenuumHaTa. Paznuunu aHanuTHYKY METOIU c€ KOPUCTAT NMPH eBaTyalyja Ha (PU3NIKOXEMHUCKUTE
CBOjCTBa HAa HAHOYECTHUIINTE, BKITYUyBajKU T'M TyKa: XpoMartorpadujara, eiaekrpodopesara, pacpcHyBambe Ha
PEeHAreH-3paiu, ClIeKTPOCKOINHja, MaceHa CIIEKTPOMETPH]ja, MEpEHhEe Ha 3eTa-IMOTESHIM]jall 1 MUKPOCKOIIH]a.

Bo oBa uctpaxyBame ja npukaxyBaMe HOBaTa aljIMKalyja Ha JoOpo eTabiupaHaTa TPAHCMUCHCKA
EJIEKTPOHCKA MHUKPOCKONIH]a, (POKYCHPajKu ce Ha KapaKTepHr3allija i eBalyalja Ha pa3inyHi HAHOYECTHLIN
BO Pa3BOjoT Ha (hapMaLeBTCKH JO3UPaHU (POPMHU.

CaMKu 071 TPAHCMHCHCKA €JIEKTPOHCKAa MUKPOCKOIHja Oea 3eMEHH 071 CIICIHUTE IPUMEPOLIH: HATUBHU
HaHOYECTHLIM, HAHOYECTHL PaJOaKTUBHO 03HaueH! co SnCl2, HeOpraHCKH CHITMKA HAHOYECTHLH ITOJTHETH
co Oyze30HH], HATUBHY MULIEIN U MULIEJTH HOCAaYX Ha aHTUKAHIIEP CYIICTaHLMja — KaMOToTeKuH. [1okpaj
KapakTepu3anujara Ha HaHouectuuute, TEM Geliie kKoprCTeH 3a OTBPAA Ha CTAOMIIHOCTA Ha palMaKTUBHO
O3HAYEHUTE HAHOYECTUIM BO clopenda co HATUBHUTE HaHOYecTHLH. [lomomnurento, Texuukara TEM
Oelie KOPUCTEHA 32 IPOYyUyBambEe Ha IIOPO3HATA CTPYKTYpa Ha XMOPUAHNTE CHIIMKA HAHOYECTUIN, HOCAYN
Ha OyZe30Hu I, BO criopenda co CTPYKTypara Ha HATUBHUTE HEOPTaHCKHU CHIINKA HAHOYECTHUIIH.

TpaHcMHCHCKATA EIEKTPOHCKA MUKPOCKOTIH]ja TIPETCTaByBa TEXHHUKA O UCKITyYUTEITHO 3HAUCHE IPU
KapaKTepH3allija Ha HAHOYECTHITUTE, 0COOCHO BO (hapMaIieBTCKaTa HHIyCTpHja U Bo HaHoMeauimHara. Co
OBOj TPY/I cakaMme Jia ja IMoTeHITUpaMe uaejara neka Texunkara TEM e camo mapimjaiHo eKeIoaTnpaHa u
Taa UM HY/IM Ha UCTPAKyBaYMTE JIETAITHA CIIUKA HA YATPACTPYKTypaTa Ha IPUMEPOIMTE BO MUKPOCKOIICKO
Y HAHOHUBO.

Kiyunu 300poBHM: HAHOUECTUIM, TPAHCMHUCHCKA €EKTPOHCKA MUKPOCKOMHja, (apMaleBTCKU
JO3UpaHu GopMHU
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