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Abstract — Herbal plants have been used in medicine since
ancient times due to their health benefits. The research in this
field continues to reveal advantages of these plants such as
antibacterial activity against multidrug-resistant bacteria and
possibility to integrate extracts in fibers by electrospinning.
Electrospinning is a simple, yet versatile method of creating
polymer-based nanofiber web, which can be used for wound
dressings, tissue engineering and drug delivery systems. In
production of electrospun nanofibers a solution of biocompatible
polymer and a plant extract is needed. Therefore exploration of
such composition ingredients is important.
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. INTRODUCTION

The history of using plants to improve health is more than
5000 years long (1). Due to frequently reported side effects of
medicaments, as well as due to their fully unknown long term
effects on human health, more and more people prefer
alternative or natural treatment over synthetic medicaments.
The same tendency also applies to beauty industry. In herbal
medicine (also called botanical medicine or phytomedicine)
plant roots, leaves, bark, seeds, berries and flowers are used
for medicinal purposes (2). In order to ensure the best quality
of the final product it is crucial for raw materials to be
ecologically clean. Utilization of locally grown plants ensures
the sustainability of the manufacturing process. Biologically
active substances from tree foliage and other plant biomass
are used in food industry, pharmacy, cosmetics, plant
protection, etc. (3). In Latvia production of sodium
chlorophyllin by JSC Biolat (Latvia) is an excellent example
of environmentally friendly recycling of tree greenery.
External application of chlorophyll based preparations
regenerate tissues in cases of wound, burn and bedsore
treatments due to their bactericidal properties as well as the
ability to prevent inflammation processes and to neutralize
toxins (4). Sodium copper chlorophyllin has been widely
researched (5).

In wound care electrospun nanofiber web with integrated
bioactive ingredients is extensively used. The effectiveness of
this method has been also scientifically proven in several
biomedical applications such as tissue engineering, drug
release, enzyme immobilization, etc. (6). To produce
electrospun nanofibers web, a solution of polymer and extract
spinning solution is used. Non-toxic and biodegradable
polymers are the best choice for healthcare applications.

In this paper several common plant extracts which are
suitable for medical applications and are compatible with
polymers used for electrospinning are reviewed.

I1. EFFECTIVENESS OF PLANT EXTRACTS

It is known that there are quite a few plants which cause
health problems due to their toxicity and this information is
publicly accessible (7). It is important to understand that non-
toxic plants when prepared and used inappropriately become
ineffective or toxic (8); therefore profound scientific research
and monitoring of phytochemicals and their properties is
needed in order to use them for medical applications.

A. Sodium Chlorophyllin

Sodium chlorophyllin (analogues of food additive E 141,
according to the Codex Alimentarius (9)) is a component of
neutralized extractive substances derived from spruce foliage.
Sodium chlorophyllin contains derivatives of "a" and "b"
chlorophyll (chlorines, sodium salts of chlorophylline acids,
etc.), sodium salts of resinous acids (pimaric-, isopimaric-,
abietic- and labdane types), sodium salts of fatty acids (mainly
oleic-, stearic- and linoleic). Sodium chlorophyllin is used as
an active food and colour additive, as well as in cosmetics
(creams, deodorants, etc.). The product shows bacteriostatic,
regenerative and deodorant properties (10).
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Fig. 1. Similarity of chlorophyll and blood hemoglobin structures (4).

Due to similarity of structures of chlorophyll and blood
hemoglobin (Fig. 1) chlorophyllin is effective for (4):

e strengthening of immune system;

o stabilizing the fluid balance in the body;

e improving blood structure, rendering toning up and

deodorizing (removes bad breath);

healing ulcers;
anemia treatment;
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e inhibiting the development of atherosclerosis and
psoriasis;
¢ for photodynamic therapy in cases of tumours.
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Sodium chlorophyllin

Fig. 2. Scheme of acquisition of sodium chlorophyllin (11).

Due to its ability of to form molecular complexes with
carcinogens and thereby to block their bioavailability,
chlorophyllin was recently evaluated as a chemopreventive
agent in a population at a high risk for exposure to aflatoxin
and the subsequent development of hepatocellular carcinoma
(11).

Laboratory scale microbiological tests were performed to
determine the effect of sodium chlorophyllin on human dermal
cells (20). Although further research is needed, the results
confirmed the bioactivity of sodium chlorophyllin on human
cells.

B. Herbal Extracts with Antibacterial Activity against Multidrug-
Resistant Bacteria

Antibiotics are often prescribed to treat infections because
of their effectiveness in severe cases. However bacteria tend to
develop antibiotic resistance which, in turn, leads to
development of multiresistant infectious disease organisms.
Such infections are hard or sometimes impossible to treat (12).

To avoid such problems plant extracts with antibacterial
properties against multidrug- resistant (MDR) strains of
bacteria are evaluated, such as Escherichia coli, Klebsiella
pneumoniae and Candida albicans (13). In this study the
antibacterial and antifungal activity of ethanolic extracts of
Acacia nilotica, Terminalia arjuna, Eucalyptus globulus,
Syzygium aromaticum and Cinnamomum zeylanicum against
multi-drug resistant strains isolated from nosocomial and
community acquired infections was investigated.

Dried leaves of A.nilotica, E. globulus, dried bark of
T. arjuna, C.zeylanicum, dry buds of S.aromaticum were
pulverized or ground into coarse powder and then suspended
in 50 % or 90 % ethanol for 1 or 7 days. After filtration and
evaporation of ethanol the extracts were oven dried at 60 °C.
For experiments each extract was dissolved in ethanol to the
desired concentration (14).

Test results revealed that only three plant extracts —
A. nilotica, C.zeylanicum and S.aromaticum had necessary
bioactive properties which could be used against multidrug-
resistant microorganisms. In conclusion the authors stated that
for further research the toxicity of the active constituents, their
side effects and pharmaco-kinetic properties should be
determined (13).

C. Plant Extracts with Activity against Oral Bacteria

Oral health influences the general quality of life and poor
oral health is linked to chronic conditions and systemic
diseases (15). Oral bacteria are also prone to develop
multidrug resistance and, therefore, alternative treatments are
researched. Chloroform extracts of leaves of Drosera peltata
(Droseraceae) showed greatest activity against S. mutans and
S. sobrinus bacteria. Extracts of Abies Canadensis (Pinaceae),
Albizia  julibrissin ~ (Fabaceae), Chelidonium  majus
(Papaveraceae), Ginkgo biloba (Ginkgoaceae), Juniperus
virginiana (Cupressaceae), Pinus virginiana (Pinaceae),
Rosmarinus officinalis (Lamiaceae), Sassafras albidum
(Lauraceae), Tanacetum vulgare (Asteraceae) and Thuja
plicata (Cupressaceae) have been proven to be effective for
inhibition of the growth of oral streptococci (15).

There are numerous denominations of the plants which
performed well in bioactivity tests. But only one (Harungana
madagascariensis (Hypericaceae)) was mentioned to have an
enhanced effect when combined with polymer. An ethyl
acetate extract of leaves of native African plant was prepared
and tested against numerous oral pathogens. While the extract
was able to kill all oral bacteria tested (including Actinomyces,
Fusobacterium, Lactobacillus, Prevotella, Propionibacterium
and Streptococcus species), poly (d,l-lactide-co-glycolide)
nanoparticles containing the extract showed enhanced activity.
The authors suggested that this may have been due to the
bioadhesive properties of the polymer resulting in the extract
being in contact with the bacteria for prolonged periods (15).
In this case the polymer enhanced the bioactive properties of
the extract and improved overall antibacterial activity results.
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I1l. ELECTROSPUN BIO-NANOCOMPOSITES, CHALLENGES AND
APPLICATIONS

The combination of herbal medicine and nanotechnology
may provide improved bioavailability and less toxicity (16).
Solution of biocompatible polymers and some plant extracts
can be successfully used in electrospinning.

The properties of the electrospun nanofibers ensure their
usability for bio-nanocomposites in medical applications;
therefore, acquisition methods, that would be effective and
successfully integrated not only in laboratories, but also in the
production, are investigated. Electrospinning makes it possible
to combine the advantages of utilizing plant materials in the
form of nanofibrous scaffolds for delivering the active
constituent at a sufficient concentration during the entire
treatment period (17).

Disadvantages of natural polymers include: the lack of

molecular weight control, chain configuration and
polymerization kinetics, versatility of chemistry. But
advantages over synthetic polymers are: low cost,

biocompatibility, non-toxicity, and biodegradability (17).
Most of the natural biopolymers are electrospun using organic
solvents which may prove toxic for tissue engineering
applications. Fabricated scaffolds may contain a small amount
of organic solvent that could affect cell growth and
proliferation. Therefore, electrospinning of biocompatible
polymers (Table 1) using aqueous solvents will help to
overcome this problem and is highly desirable for cell culture
and tissue engineering (18).

TABLE |
SPINNABLE, BIOCOMPATIBLE AND BIODEGRADABLE POLYMERS (19)

Polymer Solvent

Polyurethanes, PU dimethylformamide

Polyvinyl alcohol, PVA distilled water

dimethylformamide,
dichloromethane
chloroform, toluene,
dichloromethane

Polylactic acid, PLA

Polycaprolactone, PCL

Polyethylene glycol, PEG chloroform

Poly(lactide-co-glycolide),
PLGA
Poly(ethylene-co-vinyl
acetate), PEVA
Poly(ethylene-co-vinyl

mixture of tetrahydrofuran and
dimethylformamide

mixture of isopropanol and

alcohol), PEVOH water
. distilled water, chloroform,
Poly(ethylene oxide), PEO acetone

Collagen hexafluoro-2-propanol

A. Electrospinning of Sodium Chlorophyllin/Polymer
Nanocomposite

Laboratory scale microbiological tests were performed to
determine the effect of sodium chlorophyllin on human dermal
cells (20). In this research the effect of sodium chlorophyllin
on polyvinyl alcohol (PVA) electrospun nanofiber web
composite with sodium chlorophyllin  were analyzed.
Properties of PVA spinning solution were also tested in order
to evaluate the effects of added sodium chlorophyllin. Sodium

chlorophyllin affects such properties of the spinning solution
as: viscosity and electrical conductivity, morphology of
nanofiber web, diameter of nanofibers and also mechanical
properties. Although further research is needed, the results
confirmed the bioactivity of sodium chlorophyllin on human
cells.

B. Electrospinning Challenges

There are several key issues in order to ensure quality
electrospinning of nanofibers webs — nanofibers with
controlled and uniform dimensions, ability to place them in
desired patterns, tailorable and controllable physical,
mechanical, chemical, biological, optical and electrical
properties (19). The following aspects should be considered
when modelling nanofibres — molecular weight, crystallinity
(%), orientation of crystallites, porosity of nanofibers and size-
dependency via surface modulus (19).

C. Electrospinning in Wound Dressing

The advantages of electrospinning in production of wound-
dressing materials are: oxygen permeation, protection of
wound from infection and dehydration and homogenous
scaffold (6). Many synthetic and natural polymers
(carboxyethyl chitosan/PVA, collagen/chitosan, silk fibroin,
ABA type poly(dioxanoneco-L-lactide)-block-poly(ethylene
glycol) (PPDO/PLLA-b-PEG) block copolymer) have been
electrospun for wound-dressing applications (21). In vitro
culture studies of human dermal fibroblasts on electrospun
PCL collagen blend nanofibrous membranes are shown to be
promising as dermal substitute for the treatment of skin
defects and burn wounds (6).

D. Manufacturers of Products for Medical Applications

According to the online directory (22) of service suppliers
of electrospun products, there are several companies which
produce electrospun fibers for medical applications.
Biomimetic Electrospinning Technologies Inc. (USA) -
customized scaffolds for biomedical application, BioSurfaces
Inc. (USA) — drug loaded electrospun fibers for medical
applications, Neotherix (United Kingdom) — manufactures
nanofiber scaffolds for tissue regeneration, PolyRemedy
(USA) — wound care system, Stellenbosch Nanofiber
Company (South Africa) — develops and manufactures
nanofiber based materials for medical applications and The
Electrospinning Company (United Kingdom) — manufactures
nanofiber scaffold for tissue regeneration.

IV. CONCLUSION

Plants have been used for health purposes since ancient
times. There are many written evidences with specific recipes
and descriptions of use. Sodium chlorophyllin has many
beneficial health improving properties, especially in
regeneration of tissues, and, therefore, it may be suitable for
wound healing.

Studies have shown that many different plant extracts have
impressive antibacterial properties, including: activity against
multidrug-resistant bacteria, although further research is
needed to determine the possible toxicity. Biocompatible and
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biodegradable polymer solutions should be wused in
combination with plant extracts to ensure biological safety.
Such nanofiber web has promising future in wound care.
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Sandra Jegina, Anna Sutka, Silvija Kukle. Elektrovérptu augu ekstraktu/poliméru nanokompozitu lietojums medicina

Augu ekstraktu izmanto$anai arstnieciba ir sena vesture, un par to saglabajusas daudzas liecibas. Musdienas arvien biezak cilvéki izvelas
dabiskus un nekaitigus arstniecibas lidzeklus, jo bieZi vien nepamatota antibiotiku lietoSana izraisa bakteriju rezistenci, ka ari citas sintetisko
medikamentu izraisitas blaknes, kas samazina dzives kvalitati. Pasaules Veselibas organizacijas statistikas dati liecina, ka vairak neka 80 %
iedzivotaju dod prieksroku augu valsts preparatiem. Latvija viens no $adiem dabiskiem lidzekliem ar izteiktam arstnieciskajam ipasibam ir
skuju natrija hlorofilins. P&tfjjumos pieradits, ka natrija hlorofilins ir savietojams ar polivinilspirta $kidumu. No $ada $kiduma ar
elektrovérpsanas metodi ir izdevies iegiit nanotimekli un analizét ta iedarbibu uz cilvéka dermas $iinam. Raksta apskatitie pétijumi pierada, ka
daudziem augu ekstraktiem piemit izteikta antibakteriala iedarbiba. Tomér ieteikts veikt talaku izpéti, lai izvértétu toksisku sastavdalu
iespgjamibu. Lai nodrosinatu ekologiskumu un nekaitigumu cilvéka veselibai, elektrovérp$ana vislabak izmantot biosaderigus un bionoardosus
polimérus. Elektroveérpto nanotimeklu kvalitate ir atkariga no katras atseviSkas $kiedras vienméribas, ka ari no to mehaniskajam, kimiskajam un
biologiskajam 1pasibam. Nanoskiedru materialu izmanto$ana brGcu apriipé butiski uzlabo arsteSanas rezultatus. Medicina izmantojamo
nanokompozitu razoSanas firmu pastavigi augosais skaits pierada progresivu materialu mediciniskam pielietojumam nepiecieSamibu.
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Cangpa Eruna, Auna Ilyrka, Cunusa Kyxkue. IlpumeHeHne B MeAMIMHE 3JIEKTPO()OPMOBAHHBIX HAHOKOMIIO3HTOB JKCTPAKTOB
pacTeHmii/moauMepoB

VYnorpebiaeHne 3KCTPAaKTOB JIEKAPCTBEHHBIX TPaB B MEIUIMHE H3BECTHO C APEBHHX BPeMEH M 00 3TOM COXPAaHMINCh MHOTOUYHCIECHHBIE
MIChMEHHBIE CBHJETENbCTBA. B Hamle Bpems, Korjga yHmoTpeOlieHHEe aHTHOMOTHKOB BBI3BIBAET AHTHOMOTHKOPE3UCTEHTHOCTh M MOOOUYHBIE
3] (EKTHI OT CHHTETHYECKUX MEIMKaMEHTOB YXYIILIAIOT )KU3HEHHOE KaueCTBO, OOJIBIIIE JIFOJIEH MPEIITOYUTAIOT TI0JIb30BAThCA HATYPAIBHBIMU U
6e3BpeHBIMH JUIS 37I0POBbs MpenaparamMu. B JIaTBuu ofnH U3 TaKuX MpenapaToB ¢ 0cO00 BBIPAKEHHBIMH JIUeOHBIMU CBOMCTBAMHU SBIACTCS
XBOHHBII XJIOpOGUIUINH HaTpus. B McciaenoBaHMsIX NOATBEPANIOCE, YTO XJIOPOGHIIIMH HATPUS COBMECTHM C MOJIMBHHWICIHPTOM. B mporecce
JEKTPOPOPMOBAHUS HOJyICHHBIE HAHOBOJIOKHA OBLIM TECTHPOBAHBI B JIAOOPATOPUH Ha YEJOBEYECKUX KIETKax AepMBI. B 3Toil myOmukarmm
YIIOMSIHYTbIE HCCIIEOBAaHMS YKa3bIBAIOT, YTO MHOTHE DPACTUTENBHBIE SKCTPAKTHl 00JagaloT SIPKO BBIPAKEHHBIMH aHTHOAKTEPHAIbHBIMU
CBOMCTBaMH, HO DPEKOMEHAOBAHO NPOMOIDKUTH HCCIECJOBAHUS, YTOOBI IPOBEPHUTH STH OKCTPAKTHl HAa TOKCHYHOCTb. JIIS COXpaHEHHS
9KOJIOTHYHOCTH ¥ 0O€3BPEAHOCTH YeJIOBEYECKOMY 3/I0POBBIO, B 3JIEKTPO(GOPMOBAHHM JIydIle BCETO HCIIOJIB30BaTh OHOCOBMECTUMEBIE H
Ouopasnaratomuecs: nmoauMepsl. KadecTBo 371eKTpoOpMOBaHHX HAHOBOJIOKOH 3aBHCHT OT HX OZHOPOJHOCTH, a TaKKe OT MEXaHHYECKHX,
XUMHYECKHX M OMOIOTHYECKUX CBOHCTB. Vcromp30BaHNe MaTepHaloB N3 HAHOBOJIOKH B JICYCHHE PaH 3aMETHO YIydIlaeT pe3yJIbTaThl JICUCHUS.
O TOM, YTO Ha MJaHHbIE HPOIYKTl HMMEETCS CIPOC, TOBOPHT IOCTOSIHHO pAacTyllee KONUYECTBO TeX (HUPM, KOTOpBIE INPOU3BOISAT
MIPOTPECCHBHBIE HAHOBOJIOKHA.
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