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Summary: Medicinal plants have an immense therapeutic potential that is not fully utilised. The
poor results of clinical studies are often a consequence of bad biopharmaceutical characteristics
(solubility and permeability) of herbal medicine. By developing new systems of administering
medicine, it is possible to improve all three standards important for every medicine: efficiency, safety
and quality. Data of consumption and characteristics of herbal medicine used in Serbia were taken
from the official site of the Agency for Medicine and Remedies of Serbia. The absolute consumption of
herbal medicine (given in euros) in 2016 in relation to 2006 has been increased by 1466.63%, while
the relative consumption (in relation to absolute consumption of all medicine) has been increased by
811.11% in the same period. This substantial increase of the usage of herbal medicine was not
followed by an increase in the presence of modern pharmaceutical dosage forms, since the observed
period contained no registered herbal (or traditional) medicine formulated by the new medicine
delivery system. Developing a new system for the delivery of herbal medicine, whose active
ingredients has shown in vitro efficiency, could provide this efficiency when applied to humans.
Registering these medications on the Serbian market would enable better quality use of such medicine
in the healthcare system.

Keywords: medicinal herbs, herbal extracts, herbal medicine formulations, phytotherapy,
consumption of herbal medicine

Sazetak: Lekovite biljke imaju veliki terapeutski potencijal koji nije u potpunosti iskoriscen.
Losi rezultati klinickih studija Cesto su posledica losih biofarmaceutskih karakteristika (rastvorljivosti i
propusnosti) biljnih lekova. Razvijanjem novih sistema za davanje lekova moguce je poboljsati sva tri
standarda vaZna za svaki lek: efikasnost, bezbednost i kvalitet. Podaci o potrosnji i karakteristikama
biljnih lekova koji se koriste u Srbiji preuzeti su sa zvani¢nog sajta Agencije za lekove i medicinska
sredstva Srbije. Apsolutna potrosnja biljnih lekova (izraZena u eurima) u 2016. godini u odnosu na
2006. godinu povecana je za 1466,63%, dok je relativna potrosnja (u odnosu na ukupnu potrosnju svih
lekova) u istom periodu povecana za 811,11%. Ovo znacajno povecanje upotrebe biljnih lekova nije
prac¢eno povecanjem prisustva savremenih farmaceutskih doznih oblika, jer u posmatranom periodu
nije bilo registrovanih biljnih (ili tradicionalnih) lekova formulisanih novim sistemom za dostavu
lekova. Razvoj novog sistema za isporuku lekova za biljne lekove ¢iji aktivni sastojci imaju dokazanu in
vitro efikasnost moZe obezbediti ovu efikasnost kada se primenjuje na ljude. Registracija ovih lekova
na srpskom trzistu omogucila bi kvalitetnije koriS¢enje ovih lekova u zdravstvenom sistemu.
Kljucnereci: lekovito bilje, biljni ekstrakti, formulacija fitopreparata, fitoterapija, konzumacija
biljnih lekova

INTRODUCTION in a few categories: cosmetics, dietary

supplements (food), medical devices and

Medicinal plants can be used in a raw
state, but there are a lot of products made by
their processing and they are named
phytopreparations. All of them can be divided

medicines. According to the Serbian Drugs
Law, the herbal medicine means a product
which as an active ingredient contains one or
more plants (in total or in parts) in a dry or
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fresh form or their untreated exudates; or
which contains herbal preparations (got by
pharmaceutical-technological treatment of
herbal material) or a combination of these two
categories. Except herbal medicines, in the
group of medicines that contain the herbal
material as active ingredient we can find
traditional herbal medicines and homeopathic
medicines. Magistral and galenic medicines are
specific groups of medicines which can contain
the herbal material as active ingredient too [1].
It is important to note that medicines which
contain isolated phytomolecules do not belong
to the group of herbal medicines.

Due to their complex content, the
formulation of herbal medicines is very
demanding from pharmaceutical-technological
and posological standpoint. They often have
several constituents responsible for the
pharmacological effect, which, sometimes, are
not fully recognized [2.3]. However, only
herbal remedies prepared in accordance with
the principles of rational phytotherapy have
acceptable quality, which then guarantees their
safety and efficiency [4]. This implies the
formulation of the dosage form with precisely
defined active principles and their
standardization [5]. Phytopreparations that
are registered as herbal medicines should meet
these requirements to the fullest extent.

Common problem with preparations
that as active principle contain plants or their
products is a lack of evidences of efficiency.
The possible reason for this is opportunity
registration as non-medicines, and this only
requires a safety certificate in most countries.
However, there are studies that
unambiguously confirm the efficacy for
precisely defined indications of these group
medicines. This creates the opportunity for
bigger use of these drugs, and prescribing
effective therapy with a reasonable level of
side effects, of which patients would have the
most of benefit [6,7].

In general, clinical efficacy of these
medicines is less than evidenced efficacy in in-
vitro conditions often due to the undesirable
biopharmaceutical profile of active
constituents. Poor lipid solubility and
improper molecular size influence the final
bioavailability, and consequently lead to
reduced pharmacological efficacy. Great
therapeutic potential of plants can be utilized
by applying a novel drug delivery system
during formulation of herbal medicines. The
novel formulations have a significant
advantage compared to the conventional
formulations. Beside to efficacy, these systems

improve other two standards important for
each medicine: safety and quality. They are
good enhancers of biopharmaceuticals
properties (solubility and permeability) and
efficacy. They also facilitate delivering active
constituents to the pharmacological target.
Additionally, the novel drug delivery systems
decrease toxicity, thus increasing the safety of
herbal medicines. They protect from physical
and chemical degradation and enhance
stability [8]. Some of existing novel drug
delivery systems which can be used for
formulation of herbal medicines are:
Liposomes

Liposomes are created from one,
several or multiple concentric bilayer
membranes and hydrophilic core. They belong
to the group of colloid, bearing in mind that
sizes of their particles are between 0.05 and 5
um in diameter. The main advantage of
liposomes is the ability to deliver almost all
groups of molecules: hydrophilic, lipophilic,
macromolecules and small molecules. This can
be especially important for herbal extracts
containing a complex mixture of compounds
[8-10].
Phytosomes

Phytosomes involve the formation of a
chemical bond between the bilayer membrane
component and the plant extract component.
This leads to a significant increase in
absorption. The difference in relation to
liposomes is that the active principle here is an
integral part of the membrane [11,12].

Ethosomes/Transferosomes

Ethosomes are built from
phospholipids and high concentrations of
ethanol (20-45 %). Beside to ethanol,
transfersomes are composed of surfactants
that facilitate delivery of medicines. These
systems are excellent carriers in transdermal
drug delivery systems (TDDS) because
successfully broke barrier function of skin [8-
10].
Microemulsions

Emulsions are biphasic systems in
which one phase is dispersed in other phase.
One phase must be water (or aqueous phase),
while other one must be oily liquid (non-
aqueous). Generally, we can divide emulsions
by size of dispersed phase at: ordinary
emulsions (0.1-100 pm), micro-emulsions or
nano-emulsions (10-100 nm), and sub-micro-
emulsion or lipid emulsions (100-600 nm).
Micro-emulsions are thermodynamically stable
and they are suitable carriers for lipophilic
medicines [8-9].
Nanocapsules and Nanospheres
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These novel drug delivery systems
belong to a group of polymeric nanoparticles
(PNPs) and they are made by biocompatible
and biodegradable polymers. The nanospheres
have a matrix form in which the active
principle is located, and the nanocapsules are
made of two separate parts: membranes and
core in which the active principle is. This type
of novel system is excellent in overcoming the
lack of conventional dosage forms. They
significantly increase the efficacy and reduce a
required dose [12-14].

The aim of the study was to determine
the specificity of herbal medicines present on
the market of Serbia in the period from 2006 to
2016.

METHOD

Data which were used in the study
were taken from the official website of Agency
for Medicines and Medical Devices of Serbia.
Annual reports on the Turnover and
Consumption of Medicines Intended for
Human Use (Chapter 7b: Natural and financial
overview of the achieved turnover of herbal
medicines in the Republic of Serbia, according
to the Anatomical and Chemical Classification
of Herbal Medicines (HATC) and the

International Unprotected Drug Name (INN))
were observed for the period from 2006 to
2016 (these reports have been available online
so far) [15-25]. Data about consumption were
delivered to the agency by drug manufacturers
or their representatives. Marketing
Authorization Holder gives data about prices of
medicines whose regime for issuing is without
physician's prescription.

The conversion of consumption
(expressed in Serbian dinars) in euros was
made in accordance with the middle yearly
exchange rate available on the website of the
National Bank of Serbia [26].

Data analysis and graph drawing were
done using the Microsoft Excel programme.

RESULTS AND DISCUSSION

Turnover of herbal and traditional
medicines in 2016 compared to 2006 was
increased by 15.67 times or by 1466.33 %.
Medicines from HATC groups R, N, G
(registered from 2014) and A were had the
highest turnover. Graph 1 shows turnover of
herbal and traditional medicines in the
observed period.

Graph 1. Turnover expressed in euros, divided by HATC groups
Grafikon 1. Promet izraZen u eurima, podeljen po HATC grupama
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A significant percentage of medicines are not
classified according to the HATC system, which
points to the need for additional efficacy
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Another key point is that herbal and
traditional herbal medicines turnover were
increased consumption share in total
medicines turnover (Graph 2). The share of
herbal and traditional drugs in the

consumption of all medicines increased from
0.09% (2006) to 0.82% (2016), i.e. the
increase of share is by 9.11 times or by
811.11%

Graph 2. Share of herbal and traditional medicines in total consumption of medicines
Grafik 2. Udeo biljnih i tradicionalnih lekova u ukupnoj potrosnji lekova
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An increased rate of use of plants for
the treatment of various diseases exists in the
world too. Global botanical and plant-derived
drugs’ market have increasing trend and it
was: $23.2 billion in 2013, $24.4 billion in
2014 and $25.6 billion in 2015. It is expected
that it will be $35.4 billion in 2020 and will
have a compound annual growth rate of 6.6%
from 2015 to 2020 [27]. It is known that about
80% of people in developing countries use
plants for treatment, but there is a significant
rate of use of these drugs in developed
countries. Research says that more than 50%
of the population of developed countries
(Europe, North America) use herbal medicine
at least once in their lifetime [28]. In Germany
and Canada, this percentage is between 70%
and 90% [29]. Such a trend does not surprise
because, apart from the low rate of side effects
(in short-term use), good efficacy, low cost and
good compliance, herbal medicines could
potentially be used for the formulation of
preparations for the treatment of very serious
diseases such as asthma [30], HIV infection
[31] or cancer [32].

Observed year

It is suggested that the reasons for the
increasing trend in the use of herbal remedies
may be: consumer preferences for natural and
alternative therapies, dissatisfaction with
conventional therapy, affinity for self-
medication, low cost, belief that these drugs
are more effective and less dangerous, but also
the modernization of pharmaceutical forms
[33]. In addition, because these drugs belong to
the group of OTC products for which
advertising is permitted, an increasing number
and quality of advertisements lead to increased
use [34].

At the same time, the increase in the
use of herbal medicines in Serbia is
characterized by a poor knowledge about this
group of medicinal products [35].

Analyzed data of used pharmaceutical forms in
the observed period are shown in graph 3. As
can be seen, there is downward trend in
turnover of liquid pharmaceutical dosage
forms, and upward trend turnover of solid
forms. Generally, liquid forms are less stable
than solid and additionally solid forms are
more acceptable for use in most people. Soft
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capsules had the highest consumption observed period there were no registered

(especially in the last observed year), and
topical preparations had very low turnover.
When we talk about oromucosal preparations,
compressed lozenges had higher turnover, but
with downward trend, the opposite of pastilles.

This significant increase in the use of
herbal medicines was not followed by an
increase in the presence of contemporary
pharmaceutical dosage forms, since in the

herbal (or traditional) medicines formulated
by novel drug delivery system. Definitely, we
can say that modern forms of herbal medicines
are not the cause of increasing their use. In
other countries herbal products formulated
with the help of novel drug delivery systems
are not just part of the scientific researches,
but they also exist in the market. Some of them
are shown in Table 1.

Table 1. Existing modern forms of herbal preparations in other countries
Tabela 1. Postoje¢i moderni oblici biljnih preparata u drugim zemljama

ACTIVE INGREDIENT/ ADVANTAGE OF NDDS REFERENCE
SYSTEM (NDDS) ACTIVE CONSTITUENT (S)
Nanoparticles Ginkgo biloba extract Improving the cerebral blood 36
flow and metabolism
Ziziphus mauritiana extract Enhanced immunomodulatory 37
activity of extract
Microspheres Cynara scolymusextract Controlled release 38
Liposomes Camellia sinensis extract Increase the 39
(As White and Green tea) bioavailability
Hibisicus sabdariffa extract
Aloe barbadensis extract
Paullinia cupana extract
Phytosomes Sylibum marianum extract = Improving absorption 40
Vitis vinifera extract
Hawthorn extract
(Crataegus spp.)

Graph 3. Turnover of different dosage forms of herbal (and traditional) medicines
Grafik 3. Promet razlic¢itih oblika doziranja biljnih (i tradicionalnih) lekova
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CONCLUSION

Improving the quality of health care implies
the application of guidelines for rational
pharmacotherapy and phytotherapy. This
implies giving the right medication, in the right
dose for the right patient, right time and right
route. Following the trends of developed
countries (primarily Germany), the use of
herbal drugs could be even greater. If herbal
medicines on the Serbian market should be
formulated according to the latest scientific
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