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The search for new drugs to treat purulent wounds is one of the urgent problems of modern medicine.
Most local wound healing drugs at the pharmaceutical market of Ukraine do not meet all modern
medical and biological requirements for effective treatment of the wound process, and there is a
need in expansion of their range. Modern developments related to the use of silver nanopatrticles for
treatment of wounds have several advantages, such as the multilevel antibacterial effect, delayed
resistance, low toxicity, anti-inflammatory and reparative properties. The aim of our work was the
histological study of the effect of gels with silver nanoparticles and glucosamine on healing the skin
with a purulent necrotic wound in rats. The results have shown that the gels with glucosamine or
silver nanopatrticles and their combination applied to animals have better histological parameters of
recovery of damaged tissues than those of the reference drug — “Dermazin” cream. A newly formed
tissue has the most complete character in the wound of animals treated with the sample of the gel
with silver nanoparticles and glucosamine. It confirms the rationality of the combination proposed and
the absence of antagonism between the active ingredients. Therefore, for further pharmacological
studies the combined gel containing glucosamine and silver nanoparticles is promising in order to

develop a local drug of a new generation to treat infectious surface wounds.

Treatment of purulent wounds is one of the prob-
lems of modern medicine. It is connected with the nu-
merous domestic, industrial and military injuries, traf-
fic accidents, natural disasters, as well as the increasing
number of postoperative complications [2, 4]. According
to medical statistic approximately 30% of patients have
postoperative infectious complications [2].

In the treatment of wounds and infectious complica-
tions, along with surgical treatment and systemic therapy,
the local treatment is also important. Most local wound
healing drugs at the pharmaceutical market of Ukraine
do not meet all modern medical and biological require-
ments for effective treatment of the wound process, and
there is a need in expansion of their range. For example,
antibiotics included in the majority of wound healing
drugs adversely affect granulation (especially tetracyc-
line; aminoglycosides (gentamycin) and chloramphenicol
to a lesser extent); they are characterized by the rapid
development of resistance, inhibit the local flora. Among
antiseptics iodopiron and silver nitrate (18 and 25%, re-
spectively) slightly inhibit development of granulation.
Chlorhexidine has the most negative effect on the re-
parative processes in the wound [1, 3, 6, 7].

The use of achievements of nanotechnologies opens
up prospects for optimizing reactive changes and repa-
rative processes that develop in the site of the tissue da-
mage. Modern developments related to the use of silver
nanoparticles for treatment of wounds have several ad-
vantages, such as the multilevel antibacterial effect, de-
layed resistance, low toxicity, anti-inflammatory and re-
parative properties [2, 7, 8, 9].

The Department of Industrial Technology of Drugs
of the NUPh has developed the experimental samples of
gels containing silver nanoparticles (obtained by elect-
ron-beam evaporation at the Ye.O.Paton Electric Welding
Institute of the NAS of Ukraine) stabilized by polyvi-
nylpyrrolidone (PVP) and/or glucosamine hydrochloride.

The data of the previous studies of silver nanopar-
ticles confirm the presence of the antimicrobial effect
against gram-positive and gram-negative microorganisms.
Glucosamine hydrochloride is a natural structural mate-
rial for the organism and possesses the anti-inflamma-
tory, antioxidant, immunomodulating, analgesic, wound
healing, and even antimicrobial properties, and PVP has
the detoxication properties [3, 5].

The aim of our work was the histological study of
the effect of gels with silver nanoparticles and glucos-
amine on healing the skin with a purulent necrotic wound
in rats.

Materials and Methods

The study of pharmacological properties of the gels
with the different composition (the gel with glucosamine,
the gel with silver nanoparticles and a combined gel with
silver nanoparticles and glucosamine) was carried out
on the model of purulent necrotic wounds (Table). This
model allows studying several types of the pharmaco-
logical activity for the local drugs for treating wounds,
such as antimicrobial, anti-inflammatory, reparative.

“Dermazin” cream (manufacturer — Salyutas Phar-
ma GmbH, Germany, batch SR0680) containing 1% of
silver sulfadiazine and indicated for the treatment of pu-
rulent wounds was chosen as a reference drug [2].
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Table
The composition of the gels containing silver
nanoparticles
Drug The main active substances
Gel 1 | Glucosamine (1.0%) + PVP (2.0%)
Gel2 |PVP (Ag 0.164% - 0.1 %) + PVP (2.0%)
Gel 3 Glucosamine (1.0%) + PVP (Ag 0.164% - 0.1%) +

PVP (up to 2.0%)

In the experiment 40 male albino rats weighing 260-300 g
were used. They were divided into 8 groups: Group 1 —
intact control (IC); Group 2 — peak of pathology (PP, rats
were decapitated after the wound festering); Group 3 —
control pathology (CP); Group 4, 5, 6, 7 — rats treated
with gels 1, 2, 3, 4; Group 8 — animals treated with the
reference drug. The skin necrosis was caused by intro-
duction of 1.0 ml of 10% calcium chloride solution sub-
cutaneously. In 3 days after injection the formation of
necrosis foci was observed, then microbial contamination
of wounds was carried out (P. aeruginosa — ATCC-27853
and S. aureus — ATCC-29213). Treatment with the gels
with nanosilver/reference drug under study was carried
out within 9 days from the third day after infection with
a causative agent (after the occurrence of pus on the ul-
cer surface). For the histological study all of the above
samples of the skin were selected as follows: in natural
healing — on day 3 (with pathology development) and
on day 11 after infection, when treating with the gels or
the reference drug — on day 11 after infection. Samples
were cut from the skin defect site and the neighbouring
areas of the healthy skin. All tissue material was fixed
in the neutral 10% formalin solution and poured in pa-
raffin. Sections were made on a sliding microtome and
stained with haematoxylin and eosin [2, 4]. The micro-

slides were examined under a Micros 400 microscope.
Microphotography of microscopic images was made by
a Nicon Col Pix 4500 digital camera. The pictures were
processed on a Pentium 2.4 GHz PC using Nicon View 5.
The quality assessment was performed by such healing
characteristics as the size and depth of the defect, the
condition of a newly formed tissue in it (the presence
and depth of layers, severity of fibroblast proliferation,
the signs of fibre formation), the level of epithelialisation.

Results and Discussion

The results of histological studies have shown that on
day 3 after infection of necrotic wounds a widespread deep
defect on the rat’s skin is seen on microslides. The multi-
layered sanious haemorrhagic necrotic crust tightly covers
the surface of the defect. The defect is filled with a mix-
ture of modified destructive residues of connective tis-
sue fibres of the dermis and muscle fibres that are densely
infiltrated, and the foci of festering are observed. There
is also the cellular infiltrate in the subcutaneous adipose
tissue, the layer of muscle fibres and the underlying loose
fibrous tissue. The process of inflammation is advanced.
There are visible “petrified” fibres, giant cells, throm-
bosed blood vessels in the defect (Fig. 1 a, b, ¢).

In the control pathology group on 11 day after in-
fection a purulent necrotic wound has little changes in
depth and size (Fig. 1 d, e, f, g). The crust on the surface
1s less dense, sometimes with visible stratified remnants.
The diffused cellular infiltration of the subcutaneous fat
tissue, the layer of muscle fibres and the underlying fib-
rous tissue is preserved. The sites of necrosis are seen.
At the edge of the defect hypertrophy of the epidermis
is preserved, and there is edema of the papillary dermis.
The marginal epithelisation is absent.

After 9-day treatment with the gel containing glu-
cosamine (gel 1) there are no skin defects in 40% of
rats. The epidermal layer is completely restored. In the
site of the dermis a loose fibrous tissue with a moder-
ate cellular content is seen. In 20% of the animals there

Fig. 1. The histological study of purulent necrotic wounds in the control pathology group.

Notes: 1) On day 3 after infection, a — a multilayer crust on the surface of ulcer, necrosis of the connective tissue fibres of the dermis (x 100); b - the abundant
inflammatory infiltrate of the subcutaneous fat and muscle tissue (x 200); ¢ — destructive fibres with the altered tinctorial properties. Haematoxylin-eosin.
x 250, 200. 2) On day 11 after infection; d — under the stratified crust there is a visible collagen matrix in the state of protein coagulation; e - sites of tissue

detritus in the underlying tissues; f - the site with “petrified” remnants of fibres.
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Fig. 2. The histological study of the skin of rats with purulent necrotic wounds treated with the gels under research on day 11 after infection.

Notes: 1) The gel with glucosamine (gel 1), a — the absence of the ulcer defect, recovery of the epidermis, hair follicles, the fibrous tissue replaces the dermis (x 250);
b —a small pustule, a visible marginal epithelialisation (arrow, x 100); 2) the gel with silver nanoparticles (gel 2): c — under the regenerated epithelium there is a
soft fibrous scar with foci of inflammatory infiltrates; d — the site of destructive fibres with the altered tinctorial properties under the fibrous scar; 3) the gel with
glucosamine and nanosilver (gel 3): e - complete healing of the former defect; f — the epithelial wedge penetrates the crust (arrow); 4) the reference drug:

g - the ulcerative defect is covered with the hemorrhagic-necrotic crust and filled with necrotic tissues; h — a newly formed epithelial wedge (arrow) covering a
very immature granulation; i — the signs of acanthosis and parakeratosis in the thickened epidermis, the isolated site of necrotic fibres. Haematoxylin-eosin. x100.

are open ulcerative defects. The collagenic fibres of the
reticular dermis of the sites located near the defect are
damaged (Fig. 2 a, b). The rest 40% of cases the ulcer is
large and deep, covered by a thick crust, it is filled about %3
with the cellular detritus containing less degraded leuko-
cytes. In the depths the initial signs of creation of the
granulation tissue are observed. The rest of the rats had
ulcerative defects.

After treatment of purulent necrotic wounds using
the gel with silver nanoparticles (gel 2) in 60% of rats
there is no defect of the skin on microslides. In the site
of the former ulcer the epithelial layer is slightly thicke-
ned. The newly formed fibrous tissue has the high cell
content; sometimes small accumulations of small white
blood cells are observed in it. Sometimes there are sites
of destructive fibres under the scar and the dermis on
the neighbouring healthy areas of the skin in the under-
lying tissues (Fig. 2 ¢, d).

In the group of rats treated with the gel with silver
nanoparticles and glucosamine (gel 3) in 40% of the ani-
mals the ulcerative defect has been completely healed.
In its place a soft scar is seen (Fig. 2 e, f). In 20% of
the rats there is a small defect. In other 40% of the ani-
mals the open ulcerous defects that are large in size have
been found; they are covered by a narrow scab, under
which a significant amount of immature granulation tissue,

or its small sites at the bottom are observed. In some rats
there is cellular infiltration (varying by the intensity) of
the complex of tissues underlying to the dermis with imp-
regnations of a few giant cells and “petrified” fibres.

After treatment with the reference drug the complete
healing of the defect is not observed in any rats. The ul-
cerative surface of some animals is covered by the crust
other animals have a clean surface. In most cases the
defect is filled with the immature granulation tissue, in
which there are visible remains of died “petrified” fibres,
giant cells. In some rats the marginal epithelisation of the
surface is well visible (Fig. 2 g, h, 1). In 20% of the ani-
mals there is an abscess in the deep layers of the defect.
In the sites of the healthy skin that are marginal with ul-
cers there is the thickened epidermis with a visible acan-
thosis, parakeratosis, and in the dermis the isolated sites
of damaged fibres with giant cells nearby can be ob-
served. In the tissues surrounding the dermis there are
visible cell infiltrates.

Thus, the gels with glucosamine or silver nanopar-
ticles and their combination under study applied to ani-
mals with purulent necrotic wounds have better histo-
logical parameters of recovery of damaged tissues than
those of the reference drug — “Dermazin” cream. By histo-
logical evaluation gel 2 (silver nanoparticles) and gel 3
(with silver nanoparticles and glucosamine) have revea-
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led the most positive effect on healing of the infected
ulcers. However, by characteristics a newly formed tis-
sue has the most complete character in animals treated
with the sample of gel 3. It confirms the rationality of
the combination with silver nanoparticles and glucosa-
mine proposed and the absence of antagonism between
the active ingredients. Consequently, by the effect on
maturation and quality of the newly formed tissue when
healing wounds the drugs under study can be arranged
as follows: gel 3 > gel 2 > gel 1 > “Dermazin” cream.

CONCLUSIONS

1. On the model of the infected wound in rats the
histological studies have shown that all gels with glu-

cosamine or silver nanoparticles and their combination
contribute to healing of infected wounds more than those
that heal naturally. By maturation and quality of a newly
formed tissue in the wound the gels studied exceed the
reference drug.

2. By histological evaluation a newly formed tissue
has the most complete character in the wound of ani-
mals treated with sample 3 containing glucosamine with
silver nanoparticles.

3. Therefore, for further pharmacological studies the
combined gel containing glucosamine and silver nano-
particles is promising in order to develop a local drug
of a new generation to treat infectious surface wounds.
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FICTONION4YHI AOCNIAXEHHA BNNUBY TENIB I3 HAHOYACTKAMU CPIBIA TA
MOKO3AMIHOM HA 3AFO€HHA IHPIKOBAHUX PAH

J1.0.Bynuea, 51.0.6ymko, KO.b.J1lap’siHoecbka

Knroyoei crioea: 2HiliHi paHu; 2efb; HaHoYacmku cpibna; aroKo3amiH; 2icmornoeais

lMowyk Hosux 3acobie 0nid rliKysaHHS eHIlIHUX paH 3anuwaembCcs OOHIE 3 akmyarnbHUX npobrem cy-
yacHol MmeduuyuHu. binbwicme Micyesux paHo3azorearbHUX 3acobie Ha hapMauesmu4yHoOMy PUHKY
YkpaiHu He gidriosidaromp yciM MeduKko-6ioo2iYHUM 8uMO2aM eeKmMUBHO20 liKy8aHHSI paHO8020
npouecy, wo nompebye po3wWupeHHs ix HomeHKnamypu. Cy4acHi po3pobKu nMpucesiHeHi sUKopuc-
maHHI0 HaHoYacmok cpibna 0r1s nikyeaHHs paH, sIKi Maromb psi0 nepesaz: bacamopieHesuli aHmMu-
bakmepianbHUl eghekm, rnoesinbHUl PO3BUMOK Pe3ucmMeHmMHOCMI, HU3bKUU pi8eHb MOKCUYHOCMI,
rnpomusanarsnbHi ma penapamusHi enacmusocmi. Memoro uiei pobomu 6yrno eicmonoaiyHe 0ocnio-
JKEeHHSI 8riugy eersie i3 HaHo4acmkamu cpibra ma 2/1t0K03aMiHOM Ha 3a20€HHST WKIpU 3a yMO8U 2Hil-
HO-HEKPOMUYHOI paHu y uypie. Pe3ynbmamu QocsidxeHb rokasarsu, Wo y meapuHu 3 paHamu, SIKUM
HaHocuru 8ocnidxysaHi eeni 3 entko3amiHoM abo 3 HaHodYacmkamu cpibra ma ix KombiHauis, Maromas
2icmosoaiyHi NoKasHUKU 8IOHOBMEHHST MOWKOOXKEHUX MKaHUH Kpali, HX y ripernapamy rnopieHsIHHS
kpemy «[depma3suHy». Halbinbw nosHOUIHHUU Xapakmep marna HO80ymeopeHa mKaHuUHa y meapuH,
SKUM HaHOCUIIU 3Ppa30K 2e/li0 3 HaHoYacmkamu cpibria ma 2/1roKo3aMiHOM, Wo nidmeepoxye pauio-
HarnbHICMb 3arporioHo8aHol KomMbiHauji ma eidcymHicmb aHmMazoHI3My MK Qiro4UMU PeYOo8UHaMU.
Omixe, KoMbiHOBaHUU 2erlb, W0 MiCmumb 2/1FoKo3aMiH ma HaHoYacmku cpibna, € nepcrnekmueHUM
015 nodarnbuwo20 hapmakosioaidyHo20 A0CIOKEHHS 3 MEMO PO3POOKU Micyeso20 3acoby HOB8020
MOKOSIHHSA On1s1 NiKy8aHHS IHGhEKUiUHUX MOBEPXHEBUX PaH.

MCTOJNIOMMYECKOE UCCINEQOBAHUE BNUAHUA F'ENEN, COOEPXALLIMX
HAHOYACTULbI CEPEBPA U IMIOKO3AMUHA, HA 3AXXUBITIEHUE THOUHbIX PAH
J1.A.Bynebiza, 5.A.Bymko, KO.b.JlapbsiHoecKasi

Knroueenle crioga: eHOUHbIE paHbl; 2e/1U; HaHoYacmuubl cepebpa; a/1toK03aMUuH, 2Ucmonoausi
lNouck HosbIx npenapamoes Os1s1 JIe4eHUsT 2HOUHbIX paH ocmaemcsi 00HOU U3 akmyarsibHbIX pobrem
cospeMeHHoU MeOUUUHbI. BonbwUHCME0 MecmHbIX paHO3aXuernsruux cpedcms Ha ghapmayesmu-
YeCKOM pbIHKe YKpauHbl He omeedyarom ecemM MeOuKo-buonoaudeckum mpebosaHusm achchekmus-
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HO20 JleyeHusi paHeeo2o npoyecca, Ymo mpebyem paclwupeHusi ux HomeHknamypbl. CospeMeHHbIe
paspabomku rnocesueHbl UCMob308aHU0 HaHoYacmuy, cepebpa Or1s1 ieYeHUsi paH, Komopble ume-
rom psid mpeuMywecms: MHO20yposHesbIl aHmubakmepuaribHbil 3¢hghekm, medrieHHoe pa3sumue
pes3ucmeHmMHoCmu, HU3KUU ypoB8eHb MOKCUYHOCMU, NpomueosocrnanumesibHbie U pernapamugHbie
ceoticmea. Lenbto amol pabomabi bbir10 2ucmornoaudeckoe uccredosaHue erusiHUsl 2efel ¢ HaHo-
yacmuyamu cepebpa U 2/1l0KO3aMUHOM Ha 3aXKUB/IeHUE KOXU 8 YCI108USIX 2HOUHO-HeKpomu4yeckol
paHbl y Kpbic. Pesynbmamsbi uccriedosaHull rnokasarsu, 4mo y XUB0MHbIX C paHamu, KOmopbIM Ha-
Hocunu uccriedyemMbie 2e/uU C 2/1I0KO3aMUHOM Ufu HaHoYyacmuuyamu cepebpa u ux kombuHayuro,
uMeromcesi 2ucmosio2udeckue nokasamesiu 80CCMaHOBIIeHUST M0BPEXOEHHbIX mKaHel syduwie, Yem
y npenapama cpasHeHusi Kpema «depmasuHy. Hauboree nornHoueHHbIU xapakmep umesia Ho8oob-
pasosaHHasi mKaHb y XUBOMHbIX, KOMOPLIM HaHOCUU obpasey eefisi ¢ HaHoYacmuyamu cepebpa
U entoKo3aMuHoM, Ymo rnodmeepxxdaem payuoHasbHOCMb npedrioxeHHoOU KoMbuHayuu u omeym-
cmeue aHmazoHu3ma mexody delicmsyrowumu sewecmeamu. Mimak, KOMOUHUPOBaHHbIU 2€/lb, Co-
Oepxxawuli efroKko3aMuH U HaHodacmuubl cepebpa, siernsiemcsi nepcrnekmueHbiM Orist danbHeluwezo
hapmakonozsu4ecko20 ucciedosaHusi ¢ Uesnbio pa3pabomku MecmHoao cpedcmea HOB020 MOKoJIe-
HUSs1 Orist 1Ie4eHUs1 UHQEKUUOHHbIX 108ePXHOCMHbIX PaH.



