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Summary

Medicinal plants are advantageously used in the treatment
of respiratory tract diseases. Upper respiratory tract
catarrh is one of the diseases associated with seasonal
weakening of immunity, and therefore, plant drugs with
a non-specific immunomodulation effect are often used.
Such plants include, but are not limited to, Echinacea
(Echinacea purpurea) and American ginseng (Panax
quinquefolius). In combination with medicinal plants
having antibacterial and antiseptic effects, such as thyme
(Thymus vulgaris) and pelargonium (Pelargonium
sidoides), they can constitute efficient help in the
treatment of respiratory tract diseases, shorten the
duration of the disease and reduce the need of antibiotic
therapy. The text presented summarizes the basic
information about these plants, their ingredients,
mechanisms of action and clinical tests confirming their
effect and monitoring eventual adverse effects.
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Souhrn

Lécivé rostliny jsou s vyhodou pouZivdny v terapii
onemocnéni cest dychacich. Katary hornich cest
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dychacich patfi mezi nemoci spojené se sezénnim
sniZenim imunity, proto je ¢asto pouZivano rostlinnych
drog s nespecifickym imunomodula¢nim u¢inkem. Mezi
takové rostliny patfi napf. echinacea (Echinacea
purpurea) a americky ZenSen (Panax quinquefolius). Ve
spojeni s antibakteridlné a antisepticky Gc¢innymi 1é¢ivymi
rostlinami, jako jsou tymidn (Thymus vulgaris)
a pelargonium (Pelargonium  sidoides) mohou
predstavovat dc¢innou pomoc pii onemocnénich cest
dychacich, zkracovat trvani nemoci a sniZovat nutnost
antibiotické terapie. Prezentovany text shrnuje zakladni
informace o téchto rostlinich, jejich obsahovych latkach,
mechanismech G¢inku a klinickych zkouSkach
potvrzujicich efekt a monitorujicich piipadné nezadouci
ucinky.

Klicova slova: Echinacea purpurea * Panax
quinquefolius  Pelargonium sidoides * Thymus vulgaris
* katary hornich cest dychacich ¢ imunita

Introduction

Medicinal plants are commonly used for the therapy of
various diseases. People have been appealing to nature for
curing diseases since ancient times and the use of
medicinal plants has been somewhat instinctive and based
on experience. Over the course of history, medical
procedures including medicinal plants have been created,
developing from empirical procedure, representing in fact
the only possible treatment of individual diseases before
the discovery of chemical medicinal products. The first
documented reference to plant preparations and their use
is a record on Sumerian clay tablets from the period of
4000 B.C. Another valuable source of information about
the use of plants was Ancient China, India and the
medicine of Ancient Greece and Rome. This mainly
includes the works of the physician Hippocrates (Corpus
Hippocraticum, 5% century B.C.) and Dioscorides’ De
Materia Medica (1** century B.C.) where the author
describes over 600 plant species and their medicinal use.
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Later studies showed that traditional European “materia
medica” had been based on Dioscorides’ tradition that
lasted for more than 19 centuries with only slight
variations. The continuous development of science and
engineering was associated with the development of
synthetic medicinal products and plant therapy was
pushed aside. However, plants have recently come into
the centre of interest as a potential source of new
medicinal products. Mainly in connection with the
possibility to obtain scientific confirmation of the
therapeutic value of medicinal plant products, their
popularity is increasing and they are often used as an
effective alternative to standard therapy.

Medicinal plants, plant extracts or, as the case may be,
isolated substances can be successfully combined to
achieve a proper therapeutic effect and to reduce the
occurrence of eventual adverse effects. There are a number
of diseases for which such a combination is of great
advantage, as it covers a number of symptoms. A typical
example can be the use of plant preparations in the therapy
of colds, viral infections and slight bacterial diseases
associated with coughs, colds and high temperature (URT
catarrh = upper respiratory tract catarrh). Bronchitis
(actually tracheobronchitis) is a form of inflammatory
damage of the respiratory tract, in particular, at child age.
It is caused by viruses in about 50-90% (adenoviruses,
echoviruses, rhinoviruses); other causal agents mainly
include Mycoplasma pneumoniae and Chlamydia
pneumoniae. The percentage of C. pneumoniae in the
formation of bronchitis, including acute exacerbation,
ranges from 5 to 10% in the case of children. Haemophilus
influenzae, Streptococcus pyogenes (P-haemolytic
streptococcus), Staphyloccocus aureus and Moraxella
catarhalis are proven in a smaller extent, and bacterial
infection often sets on viral infection, thus causing
exacerbation of diseases. Bronchitis complications include
otitis, sinusitis and bronchopneumonia® 2.

A combination of medicinal plants with an
antimicrobial and antivirotic effect with an expectorant
effect and effect on immune system function enhancement
can thus be highly beneficial for the patient and enhance
his recovery!-?. There are a lot of plants affecting immune
system which can be used for upper respiratory tract
catarrh therapy. Their ingredients are often known and
their activity has been thoroughly examined both in vitro
and in vivo®®. Extracts of some of these plants have also
been subjected to clinical testing confirming their action
and monitoring their safety. The following literature
summary deals with some selected plants used in the
therapy of upper respiratory tract catarrh, ingredients
known for their action or considered active, action
mechanism or other clinical studies.

Echinacea purpurea

Echinacea purpurea (L.) Moench (Asteraceae) (Purple
coneflower) is an important plant, both ornamental and
medicinal. Products from the purple coneflower are
among the most often used and best sold not only in the
USA, but also in European countries (Fig. 1). The plant
comes from the Midwest of the United States of America
and was brought to Europe as an ornamental plant (it

Fig. 1. E. purpurea (by Ed (Photography))

tolerates dry, sunny and very heavy ground), later started
to be grown as a medicinal one?.

E. purpurea is a relatively common representative of
the Asteraceae family. It is perennial, growing to the
height of approximately 60 cm, with a ligneous rhizome®.

There are three Echinacea species usually used for
therapeutic purposes — E. purpurea, E. angustifolia and
E. pallida. Both aerial (flowers) and underground (root)
parts are used for therapeutic purposes. The European
Medicines agency (EMA) evaluated E. purpurea®, E.
angustifolia' and E. pallida' roots in area of traditional
use as herbal products for supportive treatment of
common cold, next evaluated material was E. purpurae
herba, with well-established use status as herbal
medicinal product for the short-term prevention and
treatment of common cold'?. Traditional use is based on
the knowledge of North American Indians who used it to
treat various infections and coughs associated with cold,
as well as against snakebites. Indians from the Great
Plains used it for curing toothache, coughs, colds and sore
throats. Choctaw Indians used the blossom for curing
coughs and gastrointestinal diseases. Delaware Indians
used an infusion from the root for gonorrhoea therapy'.

Another, rather more up-to-date use consists in the
stimulation of the immune system in the therapy of
respiratory infections and inflammatory diseases, as well
as malign tumours. Echinacea stimulates the immune
system by affecting non-specific cellular and humoral
immune response and affects the complement system® '3,

Ingredients
Ingredients of E. purpurea are relatively well explored,
as well as their distribution in various parts of the plant'®.
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Fig. 2. Main Echinacea compounds

The root of E. purpurea is rich in alcamides, caffeic acid
derivates, polysaccharides and glycoproteins. We also find
oil and a small amount of polyynes, as well as traces of
pyrrolizidine alkaloids. The entire complex of ingredients
with significantly varying bio-availability needs to be
considered bioactive, because alcamides, for instance, have
been evaluated as bio-available, whereas availability of the
caffeic acid derivates is described as possible insufficient
for a clinical effect’ '». The main representatives of
Echinacea compounds are displayed in Figure 2.

Phenolic compounds

There have been a number of phenolic compounds
isolated from various parts of Echinacea. The major
portion is formed by hydroxycinnamic acid derivates,
such as cichoric acid. The cichoric acid is
a dicaffeoylquinic acid. Its content in Echinacea roots can
exceed 2%'9. Echinacea further contains other, relatively
common caffeic acid derivates, such as chlorogenic acid
(5-caffeoylquinic) or cynarine (1,3-dicaffeoylquinic acid)
that is, however, described only for the root of E.
angustifolia. Other phenolic compounds of Echinacea
also include phenylpropanoid glycosides, the major ones

of which include acteoside (verbascoside) and
echinacoside”.
Alcamides

More than 15 alcamide derivates can be isolated from
Echinacea ethanolic extract. These substances are
currently considered the main lipophilic bioactive
compounds of Echinacea!”. As far as their structure is
concerned, these substances belong to the isobutylamides
of fatty acids (unsaturated fatty acids and acetylenes).

Isobutylamides from the roots of E. purpurea mainly
contain 2,4-dien, E. angustifolia mostly 2-monoene unit.
Content of alcamides in analyzed and used material varies
based on type and also based on organ. Commercial
samples of E. purpurea root can contain 0.1-1.2% of
alcamides, the content of alcamides in E. purpurea root,
however, often reaches about 0.01-0.04%. E. pallida
more or less does not contain alcamides. Alcamides have
been identified in both the above-ground part and in the
roots, whereas the content in the roots is higher'®.

Polysaccharides

Polysaccharides are, along with glycoproteins, another
group of ingredients. PS1 polysaccharides (methyl-
glucuronoarabinoxylan 35 kD), PS2 (acidic
rhamnoarabinogalactan 450 kD) and xyloglucan (79 kD)
were obtained from the above-ground part of E. purpurea.
Juice obtained by pressing the above-ground parts of E.
purpurea contains a mixture of heterogeneous
polysaccharides (< 10 kD), inulin fraction (6 kd) and
strongly  acidic  branched  polysaccharide  of
arabinogalactan type (70 kD). Another study describes
isolation of galactan-protein containing 83% of
polysaccharide (galacto-arabinan), uronic acid and protein
derived mainly from serine, alanine and hydroxyproline.
The polysaccharide content can again be affected by the
pressing technique; higher humidity during the drying
process reduces the content in the case of both E.
angustifolia and E. pallida™.

Action mechanism
Echinacea is known and explored the best in the area of
immune system modulation. There are a number of in
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vitro studies describing stimulation of various cell types of
the immune system, such as macrophages, various
monocytes and natural killer cells. It is more difficult to
transfer such effects to humans. The problem with
identifying active substances and action mechanisms
consists in the complexity of the compound of the
ingredients of Echinacea, as well as in method of extract
preparation and last but not least in the testing model
applied. Immunity is a highly complicated and balanced
system of interacting elements. Development of
inflammatory reaction appears to be the centre of
symptoms of infectious rhinosinusitis (common cold) and
pharyngitis (sore and inflamed throat) when Echinacea is
primarily used. Inflammation is represented here by tissue
swelling associated with vasodilatation and leakage of
liquid from capillary tubes and tissue infiltration by
leucocytes. These phenomena are primarily initiated by
inflammation mediators secreted by macrophages: I1-1,
11-6, 11-8, 11-12, TNF-o. and leucotrienes, as well as ROS
and NOS. C-reactive protein also appears in pathogenesis
of upper respiratory tract infection. Echinacea ingredients
activate macrophages and affect in vitro cytokine
secretion; however, the mechanism of their in vivo action
is not entirely clear. The “non-specific immunity
stimulation” appears with Echinacea, as with other natural
products. As massive and wide stimulation of immune
processes may result in symptomatic expression of
inflammation, selective activation of mechanisms of
defence against viruses associated with inflammatory
process moderation is theoretically ideal. Successful
immunomodulation by Echinacea should result in
moderation of the severity and duration of symptoms and
also in higher elimination of inciting causes (viruses,
bacteria). Such a product with a multiphase effect is
identified as an adaptogen by some authors'®.

As mentioned above, there are a number of studies
trying to explain the immunomodulation effects of
complex extracts from Echinacea, whether in vitro or
using animal models, and they have been repeatedly
summarized. For illustration, we have mentioned an
interesting study from the year 2000, conducted on mouse
macrophages and ex vivo on human macrophages!'?. The
viability of human peripheral polymorphonuclears was
measured with the interference from various products
obtained from Echinacea, and anti-inflammatory and anti-
oxidation activity was also measured. Measurement was
expanded with extract digestion simulation (incubation of
tested material with gastric juice). Different extract
concentrations provided the dose-dependent effects —
higher secretion of TNF-o. was observed the most after
30 hours, whereas higher production of other cytokines
was observed after several days. What was interesting
were the different results with extracts prepared from
various powder drugs and with extracts standardized to
the content of phenolic acids and echinacoside or fresh
juice obtained by pressing, which did not provide
immunostimulation, but rather showed anti-inflammatory
and anti-oxidation effects. Another interesting study
showed that cells infected by virus after exposure to
action from Echinacea extract to a greater extent present
virus antigen for immunocompetent cells®”.

Only little understanding is present concerning results

obtained from testing of lipophilic or hydrophilic
Echinacea extracts, because both water-soluble and
ethanol- and chloroform-soluble extracts have proven
stimulation of phagocytic functions®'~2%. So the question
is, what substances and to what extent are actually
responsible for the effect. Fraction of extracts rich in
glycoproteins or polysaccharides (hydrophilic) stimulated
production of cytokines and stimulated activity of
macrophages; however, in vivo transmission of this effect
is complicated, because some authors refer to actually null
absorption from the gastrointestinal tract, also referring
to potentially higher activity of alkylamides present in
lipophilic extracts. Alcamides appear as substances well-
available after p. o. application; they are present in the
blood in relevant concentrations after application. Thanks
to the structural similarity to anandamide, endogenous
ligand of cannabinoid receptors, they prove interaction
with cannabinoid receptors of type 2, which is associated
with the immune system (not with psychoactivity) and
such interaction can at least partly explain the
immunomodulation effect of Echinacea® 2. As
experiments have confirmed the effect of polysaccharides
also on animal models, the discussion in connection with
polysaccharides includes the possible interaction with
immune system cells of the GIT epithelium which
subsequently affects endocrine, neurological and
immunological functions in a manner not fully
understood.

Clinical studies, adverse effects

Clinical studies aimed at evaluating the effect of
Echinacea preparations on the immune system have been
conducted since the 1980s. There have been a number
conducted at various quality levels and many prove that
Echinacea stimulates the immune system. Studies
conducted with humans have, for instance, proven higher
production of inflammatory cytokines activated by
macrophages and polymorphonuclears. However, it is
more difficult to determine whether these effects are
associated with a clinical benefit for the patient (reduced
occurrence, severity and duration of disease). For
instance, ROS produced by macrophages and
polymorphonuclears are important for destroying the cells
infected by viruses; however, oxidative processes are also
associated with the damage of cells and organs. In the case
of upper respiratory tract infections, we can also discuss
that reduced activity of macrophages can be an advantage
before stimulation, because stimulation can increase the
occurrence of symptoms. However, on the other hand,
stimulation of the immune system can strengthen
antivirotic activity resulting in a reduction of initial
replication of viruses, and therefore, in a reduction of the
symptoms of infection. However, clinical comparison of
Echinacea preparations with anti-inflammatory substance
agents has not been conducted in a satisfactory manner to
date.

An extensive review summarizing information about
the curative properties of Echinacea was published in
2003'®. A significant part of this overview is dedicated to
clinical studies of Echinacea preparations. Other works
describing meta-analysis of several clinical studies were
published in 2014?® and 2015%”. Therefore, the next part
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Table 1. Summary of selected clinical studies assessing the effect of purple coneflower on upper respiratory tract (URT) catarrh

Echinacea + ATB 330

antibiotics < antibiotics

separately

Study design Dosage Tested group X Assessed Results of study Source
Number of patients parameters
The shortest
persistence of
Bronchitis therapy i.m. application Child patients bronchitis reported
Not blinded, no of E. purpurea juice Echinacea 468 Bronchitis with Echinacea as such | 2
placebo (Echinacin™) ATB 482 persistence < Echinacea +

Viral infection

Echinacea extract
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Origination of

13% reduction

placebo

controlled study
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E. purpurea root extract

clinical severity

preparations against

placebo

prevention (300 mg) therapy 50 infection, clinical with Echinacea 3
(rhinovirus) Placebo 2 weeks Placebo 42 manifestation group, 9% with placebo
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E. purpurea previous occurrence Occurrence of 33,34
prevention of occurrence of URT
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Placebo catarrh
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of E. purpurea occurrence of URT
URT catarrh o
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(30% ethanolic extract | 244 healthy Occurrence of URT E. purpurea occurrence | ?
Double-blinded, . . .
1 : 11 with material) volunteers catarrh with 29%
placebo . o
1 ml twice a day Adverse effects E. angustifolia
controlled study . i
(Monday-Friday), with 32%
12 weeks Placebo with 37%
Monitoring of Statistically significant
E. purpurea . e .
180 patients symptoms mitigation of disease 35.36)
URT catarrh therapy | water-ethanolic extract . .. . .
with URT catarrh and clinical severity with dose
900 or 450 mg
severity of 900 mg
E. purpurea
Echinaforce™ Statistically significant
URT catarrh therapy L L .
(95% above-ground Monitoring of mitigation of disease 37
Double-blinded, . .
part, 5% root) 246 adults symptoms and severity with all three

Double-blinded,
placebo
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as supplement)
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500-1500 mg
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and clinical severity

preparations against

placebo

URT catarrh E. angustifolia Statistically significant
prevention Ethanolic extract 303 Echinacea Monitoring of mitigation of disease
Double-blinded, (Eupatorium/Baptisia 306 placebo symptoms and severity with all three ¥
placebo as supplement) clinical severity preparations against
controlled study 1 x 1440 mg 2 months placebo

E. purpurea,

E. angustifolia Statistically significant
URT catarrh gustif v e

. Glycerol extract 160 Echinacea Monitoring of mitigation of disease

prevention

(Propolis + Vitamin C | 168 placebo symptoms severity with all three b
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Table 1. Summary of selected clinical studies assessing the effect of purple coneflower on upper respiratory tract (URT) catarrh

T A
Study design Dosage ested group ssessed Results of study Source
Number of patients parameters
URT catarrh E. purpurea Statistically significant
therapy Expressed juice . Monitoring of mitigation of disease
200 Echinacea
Double-blinded, 7.5-10 ml/ symptoms and severity with all three 40
207 placebo
placebo 7500-10 000 mg clinical severity preparations against
controlled study 10 days/ 4 months placebo
URT catarrh E. purpurea Statistically significant
prevention Ethanolic extract . Monitoring of mitigation of disease
355 Echinacea
Double-blinded, 2.7-4.5 ml/ symptoms severity with all three 4D
362 placebo
placebo 2400-4000 mg and clinical severity preparations against
controlled study 4 months placebo

of the text states the most significant and the most recent
clinical studies evaluating the use of Echinacea in the case
of bronchitis, colds, prevention and therapy of upper
respiratory tract infections.

An extensive retrospective study was published by
Baetgen in 1984, another in 1988. They summarize
intramuscular administration of E. purpurea juice
(Echinacin™) separately or in combination with
antibiotics to 1280 children. The shortest persistence of
bronchitis is reported with separate Echinacea <
Echinacea + antibiotic < antibiotic separately. However,
the study was not randomized or double-blinded and was
retrospective, so its results are hard to interpret. A positive
fact is that this study does not report any severe adverse
effects (even after intramuscular application)?-39,

Insignificant mitigation of the risk and manifestation
of rhinoviral infection with preventive administration of
non-specified Echinacea extract was described in a study
from the year 2000 where, however, extrapolation of the
data of 50 patients under the study into a more extensive
sample of the population may result in a clinically
significant effect!® 3V, Unfortunately, the study does not
provide any supporting data related to origin, preparation
or phytochemical analysis of the extract. Reduced
occurrence of catarrh of the upper respiratory tract is also
described in another study; however, it is complicated to
interpret the results for a relatively small set of patients®®.

The results of a number of studies prove that the
Echinacea preparations are safe and well tolerated'®.
Although rare cases of allergic reaction are reported, there
have not been any really severe cases or death reported.
The main adverse effects reported include unpleasant
flavour, nausea, vomiting, sore throat, stomach ache and
diarrhoea. A convincing argument confirming the safety
of using Echinacea preparations is the fact that there have
been less than 100 severe adverse effects reported for an
estimated 10 million users (commercially available phyto-
preparation).

Use of Echinacea preparations does not even have
major contraindications, only chronic and progressive
diseases related to immunity, such as tuberculosis and
multiple sclerosis are limiting. In this case, the risk is
associated with the theoretical exacerbation of such
diseases. However, more studies and evidence will be
required for full confirmation of safety. Use of Echinacea

preparations during pregnancy has not been sufficiently
documented; only the limited study by Gallo et al.
concluded that use of Echinacea during pregnancy during
organogenesis is not associated with a higher risk of major
malformations*?.

Panax quinquefolius

The ginseng root has been used for thousands of years
for its curative actions. Asian ginseng (Panax ginseng C.
A. Mey.) and American ginseng (P. quinquefolius L.)
(Araliaceae) are the two most well-known species used.
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Fig. 3. P. quinquefolius (by Jacob Bigelow (1786-1879)
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American ginseng (Fig. 3) became highly popular in
western countries when its pharmacological activity
turned out to include effects similar to P. ginseng. The
spectrum of use is broad, including action on the
cardiovascular system, action on the CNS, anticancer
actions, and last but not least, immunomodulation.

P. quinquefolius is a perennial. American ginseng
naturally ranges in the temperate zone of woodlands in the
eastern part of North America, e.g. in the southern part of
Quebec, Minnesota and in the north of Wisconsin. The
greatest population of wild ginseng is found in mountain
regions, on north- and east-facing slopes, in shielded and
typically clay soil. The market offers three ginseng species:
plantation-cultivated, wild and cultivated in a method
simulating the wild. Naturally, wild ginseng is considered
to have the highest quality and is the most expensive, like
the P. ginseng. American ginseng is currently grown also
in Asian countries, e.g. in China** 49,

Ingredients

Growing conditions affect the quantity of the ginseng
ingredients. Factors, such as soil character, fertilization,
temperature, rainfall and distance between the individual
plants, significantly affect the quality of the drug. Another
major factor is age of the harvested material. The saponin
content, which is considered the main active substance
along with polysaccharides, fluctuates based on the age
of the material, in the root from 2.6% of four-year-old
plants to 5.89% of ten-year-old plants, and therefore,

o2~

Protopanaxadiol

Ocatillol

Fig. 4. Main ginseng compounds

cultivation less than 4 years is considered
disadvantageous for harvesting; on the other hand, the
concentration will most likely not change much after year
5. The total content of saponins is also high in the floral
buds (12-16%), in the leaves (10-16%) and in the fruit
(10-12%).

There have been more than 80 saponins mentioned
above isolated from various ginseng species. We can
divide them into several sub-groups based on structure:
protopanaxadiols (such as protopanaxadiols Ral-Ra3,
Rbl1, Rh2, Rb3 Rc, Rd, 20(S)-Rg3, Rb2), ginsenosides
(such as (Q)-R1, Rs1, Rs2), malonyl-substituted derivates
[(MA)-Rb1, MA-Rb2, MA-Rc, MA-Rd, Rg3], proto-
panaxatriols (such as Re, Rf, Rgl, Rg2, Rhl,
20-glucopyranosyl (Glc)-Rf, r-R1, 20R-Rg2, 20R-Rh1),
oleanolic acid derivates and ocotillol type derivates** 49
The main representatives of ginseng saponin aglycones
are displayed in Figure 4.

Besides saponins, the presence of polysaccharides and
glycoproteins*® in ginseng is also described. They are
described mainly in P. ginseng, their presence in
P. quinquefolius is known, but the information is little*®.
Besides polysaccharides (GH-1) (Mr 4500) and GH-2 (Mr
5300) more than 20 panaxans have been identified (A-U,
with Mr 2500-1300000). Glycopeptides P. ginseng P-21
(Mr 6000) and glycoproteins PA and PB have been
isolated from P. ginseng. The presence of a significant
amount of glycopeptides and polysaccharides in
P. quinquefolius can be predicted from the amount of
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water-soluble agents obtained by extraction and
a significant amount of proteins. An interesting fact is that
the amount of polysaccharides in grown ginseng is not,
unlike saponins, dependent on the size or age of the
material. Other bioactive ingredients of American ginseng
include polyacetylenes (such as panaxynol), and arginine
derivates.

Use of P. quinquefolius is very popular at the present
time. Similarly to P. ginseng, both the drug and extracts
are used mainly as a general tonic and adaptogene for
improving organism resistance to external stressing
conditions, for improving physical performance,
improving vitality and against “ageing symptoms”. These
effects are probably mediated by action on the
hypothalamus-hypophysis-adrenal gland axis or by anti-
oxidation action and increased utilization of oxygen and
glucose by tissues. Ginseng research is also being
intensively conducted in the area of cardiovascular tract
diseases, diabetes, CNS diseases and cancer**¥.

In this summary we will focus on the action of ginseng on
the immune system. The action of ginseng on the immune
system is not associated only with cold-related diseases, but
also with cancer. According to information obtained from
literature, the immune system can be affected by at least two
groups of substance: saponins and polysaccharides.

Metabolisms, action mechanism

It is well known that as ingredients, plant preparations
contain a number of compounds with a B-glycosidic bond.
Following oral application, such ingredients must come
into contact with the stomach environment (low pH), with
the small intestine environment (pH 7-8, presence of
pancreatic enzymes), as well as with the colon
environment (presence of bacterial colonization). All parts
of the GIT may participate in the metabolism of such
ingredients, and therefore, these ingredients may function
as pro-drugs. Metabolism of ginseng saponins has been
explored only to a certain extent and only partly on
humans. As an example, we can state ginsenoside Rb2. It
is known that there are differences between products
obtained by application of ginsenoside Rb2 directly in the
stomach of rats and products obtained in acidic conditions
by hydrolase of HCI*”. Ginsenoside Rb2 decomposes in
the acidic environment of the stomach* 4. The effect of
human intestinal microflora on the metabolism of
ginsenosides has been explored. Oligosaccharides
forming a sugar component of these glycosides attached
to C-3 or C-20 are step-by-step removed from terminal
sugar. Protopanaxadiols (ginsenosides Rb1, Rb2, Rc, and
Rd) are metabolized to the final compound K.
Compound K has also proved a number of biological
effects and is considered to be an active metabolite®! 2.
Besides, esterification of this metabolite by fatty acids in
the liver and its partial accumulation has been identified
in metabolism continuation. Esterification of bacterial
metabolites of ginsenosides by fatty acids also probably
potentiates their biological activity, as proven, for
instance, in studies by Hasegawa and coll. 3%, Further
explanation of the effects of ginseng will, therefore,
require metabolic studies evaluating both bio-availability
and metabolism, as well as studies evaluating biological
activity of the metabolites described.

As we can see further, the action of ginseng is complex;
results vary based on the model used to conduct the
experiments. Another influence is whether a compound
of saponins or individual isolated substances were tested,
or, as the case may be, what ginseng species the tested
extract has been made from. The spectrum of ingredients
present in a non-standardized extract can be highly
variable, thus the effect also varies. As an example, we
can state the level of glycaemia reduction after
administration of the ginseng preparation®, as well as
observable good repeatability of effect™.

The effects of ginseng on the immune system are
summarized in detail in the survey article by Kang and
Min®?. There are different opinions on the mechanism of
the action of ginseng on the immune system at present,
but a number of studies associate their effect with
influence on balance of Thl and Th2 cells. CD4+
population of T lymphocytes can be classified at Thl
(primarily including macrophages and destruction of
intracellular pathogens) and Th2 (primarily including B
cells and destruction of extracellular pathogens). As
implied from the action on the level of antibodies,
cytokines, amount of splenocytes and CD4+ T cells,
ginsenosides probably strengthen both aspects of
immunity in balance. Studies have been conducted both in
vitro and using animal models and on humans.
Ginsenosides stimulate production of antibodies (IgG2a
and IgG3) connected with Thl and Th2 ((IgGl and
IgG2b)*%2. In rats which had been administered
ginsenosides, a higher level of Thl connected cytokines
was found, such as IFN-y, IL-2, TNF-o, and Th2
connected cytokines (I1-4, 11-5, 11-10)°% 3. Activity of
CD4+ T-cells was stimulated, Th1 CD4+ produced more
[1-2 and IFN-y, which was verified at both the gene
expression level and the protein level; similarly, Th2
CD4+ T cells produced more 11-4 and I1-10* %Y. The
administration of ginsenosides stimulated CD69
expression of Thl CD4+ T cells, their proliferation and
increased their total share in lymphocytes®® 9.
Splenocytes from rats obtained after the administration of
ginsenosides reported higher production of Th1 connected
11-2 and INF-y (at the level of both mRNA and protein),
higher production of TNF-o. (measured as a protein), and
higher production of Th2 connected I1-4 and I1-10 (mRNA
and protein)3$-62 69,

It was further proven that ginsenosides modulate
activity of NK cells, stimulate II-1B production in
peritoneal macrophages, phagocytosis and II-12
production in stimulated dendritic cells®> 5768, Reduction
of cytokine expression via the PPAR path (peroxisome
proliferator activated receptor) in dendritic cells was also
observed in native cells of the immune system®” or by
inhibition of transcription factor function (such as NF-xB)
or mitogen-associated kinases in macrophages’.

Polysaccharides*®: 7Y can also play an important role in
the immunomodulation effect. Unfortunately, their role
has not been explored sufficiently to date and the
mechanism of their action is unclear. Ginsenan PA (P.
ginseng polysaccharide) activated in vitro phagocytosis’™.
Acidic polysaccharides of P. ginseng affected production
of cytokines in macrophages’. Other studies also prove
that polysaccharides of P. quinquefolius increase
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production of cytokines including TNF, interleukins (11-6,
11-12), IFN-y, also GM-CSF (granulocytes-macrophages
colony-stimulating factor) and NO production in vitro in
macrophages’® 7. These phenomena are associated with
up-regulation of surface markers in dendritic cells and up-
regulation of iNOS and COX-2 in macrophages. On the
other hand, some studies indicate instead a reduction in
production of pro-inflammatory cytokines in
macrophages isolated from rats or mice’®%?. They
compared, for instance, in vivo extracts of P. quinquefolius
rich in polysaccharides and in saponins and the results of
such comparison proved that the extract rich in
polysaccharides (COLD-fX) modified immune response
in rats (they monitored, for instance, the number of
lymphocytes, cytokine levels, and others) with higher
efficiency than extract rich in saponins and that the effect
was associated with intestinal immunity3?.

Use of ginseng in the area of upper respiratory tract
catarrh therapy can be explained even by direct interaction
of the ingredients of ginseng with bacteria and viruses.
Ginseng polysaccharides reduce bacteria adhesion to cells
and block initiation of bacterial infection®”*®. Ginseng
polyacetylenes have a direct antimicrobial effect®”. The
antiviral effect of Rgl and PPT ginsenosides is associated
with protection of endothelial cells against inflammation
and apoptosis induced by in vitro H5SN1 virus®. Red
ginseng extract increased the rate of survival of mice
infected by influenza A virus (HINI) after oral
application and the results were also confirmed at the cell
level®®. It is possible and most likely that the antiviral
activity of ginseng is related to its interaction with the
immune system, but activity of T cells and NK cells,
production of interferon and neutralization antibodies
have been studied only to an insufficient extent®”. Also,
the effect of ginsenoside Re against infection C. albicans
on a mouse model seemed to indicated stimulation of the
immune system (effect on CD4+ T-cellar immunity)
rather than on a direct antifungal effect®®.

Results of some other experiments refer to the
possibility of using ginseng extracts, or ginsenosides, as
adjuvants in the administration of antibodies and
vaccination. Results obtained in vitro or on mice®-°? have
already been further confirmed in a clinical study®". Final
confirmation and full clarification of the mechanism of
the action will require further studies to be conducted.

The complexity of this problem is further enhanced by
the structural variability of the individual saponins;
different results have been observed in the same model,
for instance, for ginsenosides Rbl, Rgl and
notoginsenoside R1 where all three ingredients reported
an anti-inflammatory effect (reduced amount of adhered
leukocytes, inhibition of mast cells degranulation, and
others), however, at various levels and at various
intensity®?, or the above-mentioned possibility of active
metabolite formation®®. Another problem is obtaining
different results in in vivo and in vitro studies®.

Clinical studies, adverse effects

For the purposes of evaluating the action of ginseng on
the immune system, a number of studies have been
conducted with both trained and untrained persons,
observing a number of parameters monitoring the general

condition of the tested person, as well as values associated
with immune system functions. As already mentioned
above, the action on the immune system is associated with
saponins and with polysaccharides. Table 2 summarizes
some studies associated with immune system evaluation
and based on physical stimulation of the tested person®.

Thanks to the popularity of ginseng, a number of
clinical studies have been conducted for evaluation of the
clinical effect of ginseng in upper respiratory tract therapy
using both extracts rich in polysaccharides and saponin-
containing extracts.

Ginseng extracts (100 mg of aqueous extract and
100 mg of standardized extract of P. ginseng) were tested
on healthy volunteers with the aim of evaluating the
immune response parameters, such as polymorphonuclear
chemotaxis, phagocytosis index, activity of NK cells, and
others. 8 weeks of administration 2 x 100 mg of both
extracts had a significant immunomodulation effect as
compared to the placebo'®. Pilot studies proved the
ginseng effect in patients suffering from acute attacks of
chronic bronchitis where it was proven that administration
of G115 extract significantly accelerates bacterial
clearance (non-blinded study)!'%. Interesting results were
also provided by the study evaluating efficiency of
Ginsana G115 extract on the occurrence of influenza
disease in vaccinated patients, indicating reduced
influenza occurrence and immune system stimulation®?.

A-relevant series of clinical tests was conducted mainly
with COLD-fX extract rich in polysaccharides, although
there may be a problem with the test validity due to the
study compensation by the producer!'®-1%. Other tests
were conducted with Ginsana G115 extract (standardized
extract from P. ginseng root) without any connection with
the producer. 3 tests were conducted with the aim of
identifying the effectiveness of the therapy, in particular in
connection with the prevention of the occurrence of
respiratory disease in older patients, two studies included
middle-aged patients. Table 3 provides an overview of the
studies, extract types, dosage and results.

The results of the study indicate that the ability of
ginseng to reduce the occurrence and severity of acute
respiratory diseases requires further verification and that
the effect is observed with reduced duration of acute
respiratory diseases in preventive application for 8—-16
weeks. As continuation of the studies with COLD-fX
preparation, another double-blinded study evaluating
long-term administration of the extract (4 months) and
effect on viral respiratory diseases!'®® was conducted.
Disease distribution was similar between the placebo
group and the group administered extract; however, the
course of diseases was slighter with the group
administered ginseng. Marker monitoring resulted in
observation that administration of COLD-fX increased the
proportional quantity of Th cells and NK cells and
increased the IgA level in plasma'®. Another clinical
study evaluating P. quinquefolius standardized extract
(80% of polysaccharides) on a group of paediatric patients
did not prove an effect (double-blinded randomized study,
75 persons); however, the study did not report the
occurrence of any adverse effect'®.

Adverse effects: Gastrointestinal intolerance in all
studies, no severe adverse effect, DM2 development
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Table 2. Summary of selected clinical studies assessing the effect of ginseng on performance and the immune system

Dosage Tested group Physical load Results of study Source
P. ginseng . 3x30s No changes in IgA (tested in saliva)
Trained men 96)
8 weeks Wingate test
P. ginsen No changes in population of
§ § Trained men Common seasonal training & pop N
8 weeks leukocytes circulating in the blood
60 minutes running on a Higher level of 11-4 in plasma,
P. quinquefolius Trained men treadmill at 60% no changes in TNF, 11-1, %
4 weeks VO2 max., 10% inclination | and Il-10
Level of 11-6 in plasma reduced
P. ginseng (red) Trained men 2 x 45 minutes 2 hours after exercise, level of CK )
7 days running on a treadmill in plasma reduced 72 hours after
exercise
P. ginseng (red) 2 x 45 minutes Level of 11-6 reduced 2 hours after 00
Trained men )
7 days running on a treadmill exercise
Level of CD8+ T cells higher, in vitro
P, quinquefolius Untrained men 36 minutes on spinning higher PHA-stimulated proliferation | 'V
35 days bicycle (various load) of PBMC; no changes in other
population groups
Blood CD4+CD45RO+, CD4+CD28+
P, quinquefolius Untrained women 36 minutes on spinning and CD28+ T cells reduced, in vitro
4 weeks bicycle (various load) higher respiratory outbreak in 109
neutrophils; no changes in other
population groups
P. pseudoginseng 30 minutes running on No change in level of 11-6 0
Untrained men 109
3 days treadmill at 60% VO, max.

probably without causal connection. More tests, mainly
of long-term administration, required with respect to the
relatively low numbers of patients in the studies. Insomnia
occurred rarely®V.

Pelargonium sidoides

Geranium Pelargonium sidoides DC. (Geraniaceae,
syn. Pelargonium sidaefolium Thunb.), also known by the
traditional names of Umckaloabo, Uvendle, Kalwerbossie
is a perennial plant originating from South Africa, where
it mainly grows in the Eastern Cape Province and Lesotho
Highlands''V. The roots of this geranium are succulent and
red, the leaves have a round cordial shape, featuring
a long footstalk and glandular trichomes. The flowers are
quinate, dark red to black coloured (Fig. 5)!!> 9 Several
preparations have been created on the basis of P. sidoides,
containing EPs® 7630 extract. The preparations available
on the domestic market include, but are not limited to,
Kaloba®, a preparation known abroad (in Germany) is, for
instance, Umckaloabo®.

In the area from where it originates, P. sidoides is used
by the locals for the treatment of various difficulties:
aqueous extract from the roots and leaves is used to cure
diarrhoea, gastritis and respiratory tract infections. It is
also used to treat dysentery, colic, coughs, tuberculosis
and gonorrhoea''! "% 119 Following watering and
processing into a brown paste, the powdered plant
material is used as acne therapy cream''!: 19,

Fig. 5. P. sidoides (Derek Ramsey (c) 2006

Traditional use for veterinary purposes has also been
noted: root brew as antihelminthics for calves'"''?, boiled
leaves for protection of wounds against larvae or for
prevention of horse diarrhoea!'!: 15, Extract made by
watering of roots is used for dysentery treatment of
cattle!! 119,

The current application of P. sidoides extracts mainly
focuses on the therapy of respiratory tract infections. The
EMA evaluated the use of pelargonium root (Pelargonii
radix) as traditional herbal medicinal product for the
symptomatic treatment of common cold"®. An interesting
fact is that the scope of P. sidoides use has successfully
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Table 3. Summary of selected clinical studies of the effect of ginseng on upper respiratory tract catarrh?

Number of patients
Study design, under study
Dosage Assessed parameters Results of study Source
duration (ginseng/placebo)
Average age of patient
Clinically and
confirmed AIOD — Safe preparation
RCT P. quinquefolius 40/49 severity,DurationIn Good tolerance 106)
8 weeks (COLD-fX) 82 years laboratory confirmed Potentially effective
2 x 200 mg per day AIOD in AIOD prevention
Side effects
Clinically and
confirmed AIOD - Safe preparation
RCT P. quinquefolius 57/52 severity, Duration Good tolerance 106)
12 weeks (COLD-fX) 83.5 years In laboratory confirmed | Potentially effective
2 x 200 mg per day AIOD in AIOD prevention
Side effects
Occurrence of AIOD Reduced severity
RCT P. quinquefolius 22/21 symptoms and duration of AIOD 107
16 weeks (COLD-fX) 69 years Duration of symptoms | symptoms
2 x 200 mg per day Side effects Safe preparation
Occurrence of AIOD
Reduced AIOD
P. quinquefolius 130/149 symptoms 108)
RCT occurrence, reduced
(COLD-fX) 43 years Severity and duration . .
16 weeks severity and duration
2 x 200 mg per day of symptoms
of symptoms
Side effects
Occurrence of AIOD .
Improved immune
P. ginseng 114/113 Activity of NK cells oD
RCT response
(Ginsana G115) 48 years Titre of specific -
12 weeks Ability to protect
2 x 200 mg per day antibodies .
against AIOD
Side effects

expanded beyond the limits of common use in folk
medicine. In upper respiratory tract infection therapy the
currently mentioned areas include, for instance, acute
bronchitis, asthma, sinusitis and tonsillopharyngitis. The
clinical research which has mainly resulted in the
formulation of EPs® 7630 (Umckaloabo®) product, whose
effectiveness continues to be verified, has been basically
organized and conducted according to this use.

Ingredients

Thanks to the described pharmacologic activity,
research in the area of the phytochemistry of P. sidoides
has been extensive; however, it is still not sure whether it
has been possible to identify the ingredients actually
responsible for the biological effects. The ingredients can
be classified to a certain extent based on their presence in
the above-ground and underground part, but also
according to the method of extract preparation. Ethanol
extract of P. sidoides root mostly contains oligomers and
polymers of proanthocyanidins based on gallocatechin
and epigallocatechin molecules. The biological activity of
extracts is to a large extent also associated with the
presence of highly oxidized coumarins (such as

7-hydroxy-5,6-dimethoxycoumarin, 6,8-dihydroxy-5,7-
-dimethoxycoumarin). Other remarkable molecules may
include sulfoxycoumarins. Other present ingredients may
also include phenolic acids, phenylpropanoids and
benzopyrans!': "9, Phenolic acids, phenylpropanoids,
coumarins (such as scopoletin, umckalin, frantin,
magnolioside) and rather commonly appearing flavonoids
(such as quercetin, vitexin, orientin, isovitexin,
isoorientin)!! 11 have been found in the aerial part of
P. sidoides. The main representatives of P. sidoides
compounds are displayed in Figure 6.

Action mechanism

As regards verification of the action mechanism and in
vitro activity of P. sidoides ingredients and extracts,
anumber of anti-microbial activity tests by micro-dilution
methods have been conducted, as well as tests of
microorganism adhesive capacity, viral neuraminidases
inhibition, and others. In vitro studies have proven
antiviral, antibacterial and immunomodulation activity of
extracts and individual selected ingredients!'". As
examples, we can mention the following experiments and
activities: the above-mentioned P. sidoides extract
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Fig. 6. Selected P. sidoides content compounds

EPs®7630 was tested for activity towards various virus
types, identifying antiviral effect of various intensity
against two influenza A viruses, RSV, human coronavirus
HCo-229E, parainfluenza virus 3, coxsackie A9 and
herpes simplex viruses''). It identified the most intensive
activity towards HINI  A/Luxembourg/46/2009
virus!2- 2D and H3N?2 virus!?Y, which indicates potential
in the treatment of upper respiratory tract infections. The
antiviral effect is mainly accredited to proanthocyanidins
and epigallocatechins present in the extract. Theisen et al.
found that the most effective are oligo- and polymers, less
effective are dimer and the least intensive antiviral effect
is attributed to monomers of gallocatechin and
epigallocatechin. The antiviral action mechanism consists
in the inhibition of neuraminidase and virus bond to the
membrane of the host cell'’ 129, In the antibacterial
activity tests, butanol extract of P. sidoides reported higher
activity than its individual components, a possible and
most likely explanation of such phenomena includes
synergic action of the present complex of active
substances!'!: 122, Based on not very promising MIC
values, some authors conclude that the ingredients of
P. sidoides have no direct influence on bacteria and they
probably have a different mechanism of action. This may
concern the influence of host-bacteria interaction and
influence of phagocytosis. Studies conducted by Beil and
Kilian and Conrad et al show that the ingredients of
EPs®7630 extracts avoid adhesion of bacteria on the
membrane of the host cell!? 129,

Immunomodulation activity described in P. sidoides
extracts mainly consists in enhancement of the non-
specific immune response. Gallic acid, umckalin and
6,8-dihydroxy-5,7-dimethoxycoumarin from P. sidoides
induce NO production in macrophages. The induction rate
depends on the EPs®7630 dose used to treat macrophages
before!?* 126, Phenolic substances, mainly gallic acid, are
associated with the induction of TNF and interferon
formation!?’-12%,

In vivo studies conducted with the aim of clarifying the
action mechanisms of P. sidoides focused on antiviral
activity testing. Theisen and Muller proved the antiviral
action of EPs®7630 on an animal model, however, only
with inhalation thereof'>. Upon inhalation, the EPs®7630
extract significantly increased the survival of mice infected
by HIN1 A/Puerto Rico/8/34 virus. Application by stomach
probe did not prove any antiviral effect. As the cause, the
authors declare the low biological availability caused by
degradation of oligomers of proanthocyanidins in the
digestive tract to less effective monomers and dimer before
they become absorbed. On the other hand, after inhalation,
the complete spectrum of phenolic substances from
EPs®7630 directly reaches the site of the respiratory
infection'?®. However, as indicated by the above-mentioned
summary, both in vitro and in vivo studies have not fully
clarified the effect of P, sidoides; the mechanism of action
remains unclear and the research, mainly in area of anti-
infection effects, needs to be expanded.

Clinical studies, adverse effects

The fact that P. sidoides containing preparations is an
attractive phytopreparation with therapeutic potential is
demonstrated by a number of clinical studies dealing with
evaluation of the effect on acute respiratory diseases of
the upper respiratory tract. EPs®7630 effectiveness was
evaluated with the following diseases: acute bronchitis (9
clinical tests in total), acute rhinosinusitis (1 clinical test),
common cold (1 clinical test), chronic obstructive
pulmonary disease (1 clinical test) and asthmatic attacks
during viral infection (1 clinical test)!'". Most studies
were designed as randomized, double-blinded and
placebo-controlled. Results were measured as a change in
score of symptoms of the subject diseases. A summary of
the selected clinical studies is provided in Table 4.

The results obtained indicate the possible effectiveness
of phytomedicines on the basis of P. sidoides in the
treatment of respiratory infections caused by bacteria or
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Table 4. Summary of selected clinical studies of the effect of P. sidoides on upper respiratory tract catarrh
Number of
Study design,
. Dosage patients under study | Evaluated parameters | Results of study Source
duration
Age
EPs®7630

Acute bronchitis

3 x 10 drops (1-6 S 220
Double-blinded, x 10 drops (1-6 years)

Monitoring of Severity of disease

during viral infection
3 % 20 drops (612 years) 61
Randomized study

3 % 20 drops (6-12 years) 1-18 symptoms and decreased 130)
placebo
3 % 30 drops (12—18 years) clinical severity
controlled study
7 days
Acute bronchitis EPs®7630
Double-blinded, 30 mg per day, 60 mg 400 Monitoring of Severity of
placebo controlled per day, 90 mg per day 6-18 symptoms disease decreased 13D
study 7 days and clinical severity
Acute bronchitis EPs®7630 Monitoring of . .
217 Severity of disease
Double-blinded, placebo | 3 x 30 drops symptoms )
=18 decreased
controlled study 7 days and clinical severity '
Acute bronchitis Monitoring of
EPs®7630
Double-blinded, s 124 symptoms Severity of disease 139
3 % 30 drops . .
placebo =18 and clinical severity decreased
7 days
controlled study
Acute rhinosinusitis
(with assumed
bacterial origin) EPs®7630 103 Monitoring of Severity of disease 139
Double-blinded, 3 % 60 drops 16-60 symptoms decreased
placebo controlled 22 days and clinical severity
study
EPs®7630
Asthma attacks
3 % 10 drops (1-5 years) Occurrence of Lower frequency 135)

asthma attacks of asthma attacks

placebo controlled

study

(asthmatic children) 3 % 30 drops (12 years) 1-14 during infection
5 days
Acute
tonsillopharyngitis
(not caused by group A
B-haemolytic EPs®7630 143 Monitoring of Severity of disease 136)
streptococcus) 3 % 20 drops 6-10 symptoms decreased
Double-blinded, 6 days and clinical severity

viruses''), on the other hand, meta-analysis published by
Timmer et al. refers to the low quality of data obtained in
clinical studies, as there were few studies conducted for
each individual disease and more importantly, they were
initiated and managed by the producer®”. Promising
results of in vitro tests indicate certain therapeutic
potential of P. sidoides. Precise documentation and
evaluation thereof requires more experiments to be
conducted, both in vivo and those of a clinical character.
They will lead not only to better clarification of the action
mechanism, but also to specification of indication of
phytomedicines made from P. sidoides.

As far as adverse effects are concerned, no toxic effect
was observed in in vivo tests'?”. There were some adverse
effects reported during clinical tests, such as
gastrointestinal intolerance, nervous, respiratory and
hearing system difficulties, exanthema, tracheitis,
epistaxis and allergic skin reactions''". However, none of
the adverse effects were reported as severe and were of
a temporary character. Due to lack of data, P. sidoides
must not be used during pregnancy and during lactation,
and there are no interactions known from the current data.
However, full evaluation requires further studies to be
conducted.
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Thymus vulgaris

Thymus vulgaris L. from the Lamiaceae family is
a strongly aromatic subshrub, whose common name is
thyme (Fig. 7). It is naturally spread mainly in the western
part of South Europe (Spain, France, Italy)'*®. Traditional
therapeutic use of 7. vulgaris includes coughs and upper
respiratory tract disease associated with reduced patency
thereof (familiarly, blocked nose)*®. The EMA
evaluated T. vulgaris (T. zygis, resp.) herba for its
traditional use as herbal medicinal product for treatment
of productive cough associated with cold'*?. Other similar
indications include upper respiratory tract catarrh and
bronchitis symptoms'?. Other indications not related to
the respiratory tract include digestive problems, and
therefore it is used as a stomachic!'#?.

Fig. 7. T vulgaris (By Henry Brisse)

Ingredients

Thyme is a typical representative of plants of the
Lamiaceae family which contain a relatively high amount
of lipophilic oil stored in glands on the surface of the
leaves and stem. 6 chemotypes of T. vulgaris are
distinguished by oil composition, whereas only oil rich in
thymol meets the definition required by the European
Codex. The dried drug usually contains up to max 2.5%
of oil (minimum required amount of 1.2% with min. 40%
of thymol and carvacrol), the main components are
thymol, carvacrol, p-cymene, 7y-terpinene, borneol,
linalool, B-myrcen and terpinen-4-ol. Some monoter-
penes can appear as glycosides (such as
p-cymene-9-ol)!3% 142.143),

Other thyme ingredients are flavonoids. They describe
simple flavones (apigenin, luteolin) and their glycosides,
as well as methylated flavones, such as thymonin. The
content of flavonoids ranges up to 1%. Phenolic
ingredients present in thyme also include caffeic acid and
rosmarinic acid,. Some other ingredients present include
triterpenes (ursolic and oleanolic acid derivates)!- 144,
The selected representatives of thyme compounds are
displayed in Figure 8.

Action mechanism

Antimicrobial activity of thyme extracts, oil and
individual ingredients have been well and repeatedly
confirmed in in vitro tests'>* >, They have observed not
only action against common pathogens causing upper
respiratory tract catarrh, but also against cariogenic and
periodontopathogenic bacteria (mainly Porphyromonas
gingivalis, Selenomonas artemidis, Streptococcus
sobrinus). The probable mechanism of this action is the
perforation of the bacterial membrane!#6- 147,

Oils are almost always complex mixture of a number of
substances, and therefore their biological effects are often
described as a result of the synergism of all present
molecules or they reflect activities of the main ingredients
(present in the highest concentrations)'*®. Synergic action
is advantageous, because bacteria can adapt and preserve
function of their membrane in presence of sub-inhibition
concentration of anti-bacterial ingredients. This may raise
resistance which the complex effect of oil may help
suppress'®?. The general rule is that properties of the main
ingredients reflect the biophysical and biological
characteristics of oil relatively well (as we can see, for
instance, with Origani etheroleum and carvacrol/
thymol®?), and the level of their effects depends on their
concentration’> 2. The complexity of ingredients
present in the oil thus strongly affects the odour, texture,
colour, and penetration into the cell'>®, lipophilicity or
hydrophilicity, interaction with the cell wall and
membrane and cell distribution'*®. This is the reason why
it is better in many cases to analyse the activity of the
entire oil and compare it with the activity of the pure main
ingredients.

The presence of thymol and carvacrol in T. vulgaris is
associated with antibacterial activity of the plant. The
antibacterial and antiseptic effect of thymol and carvacrol
is well-known'™®. Their synergic action has been
described formerly and has been well explored's, the
synergy mechanism has also been clarified'>* '*7. By
interaction with the lipid double layer of cytoplasmic
membranes, thymol and carvacrol cause loss of integrity
and leakage of cellular material. This effect (in general,
by membrane decomposition or formation of a high
number of pores) can, in general, increase membrane
permeability also for other antimicrobial compounds.
Carvacrol acts on B. cereus by exhausting the intracellular
stock of ATP, changes membrane potential and increases
membrane permeability for protons and potassium.
Carvacrol further integrates in the lipid single-layer of cell
membrane, changes its fluidity and damages its
function®®. Evidence of other mechanisms of
antibacterial action exists, such as interaction with DNA.
Besides, it has been found that carvacrol inhibits
formation of bacterial biofilm that is one of the bacterial
resistance mechanisms'. Thymol, aromatic
monoterpenic phenol of p-menthane type, isomeric to
carvacrol, is causing a significant antimicrobial
interaction with both an internal and external part of the
cytoplasmic cell membrane by incorporation into the lipid
double-layer. Such interactions change the properties of
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the cell membrane and result in higher permeability/
disintegration'>-'), Besides, thymol can also up- or
down-regulate expression of genes coding the outer
membrane protein synthesis. It is not only able to inhibit
enzymes involved in protection against thermal load, but
it can also influence ATP synthesis or the metabolic
pathway of citrate (Krebs cycle)!¢> 169,

The general rule is that lipophilic flavonoids (flavonoids
aglycones or methoxylated and prenylated flavonoids)
synthesize plants as a part of protection against microbial
infection, and therefore, they could be used for
antimicrobial therapy in humans. The lipophilic flavonoids
of thymonin have an antibacterial effect and are a part of,
for instance, propolis, a well-known antimicrobial active
material'®* 169, Antibacterial flavonoids most likely have
more final destinations in cells, rather than one specific
place of action. One of their activities at molecular level is
the formation of complexes with proteins non-specifically
not only via hydrogen bonds and hydrophobic interactions,
but also via covalent bond formation. Their antimicrobial
activities thus can be in relation to their ability to inactivate
various proteins, such as microbial adhesines, enzymes,
transport proteins of the cell cover and others!'s>.
Lipophilic flavonoids can fill microbes even by
disintegrating microbial membranes's>. Some flavonoids
also have an antiviral effect'®®.

Thyme is associated also with spasmolytic activity.
In in vitro tests, the relaxation effect of thyme extracts,

flavonoids and oil on smooth muscles of the trachea and
ilea have been observed'®- 1%, Of the various fractions
tested, the strongest relaxation effect observed was the n-
hexane fraction (lipophilic, containing essential oil
components) and the weakest one with aqueous fraction.
The n-hexane fraction mainly contains thymol, carvacrol
and other monoterpenes, or, as the case may be, lipophilic
flavonoids to which can thus be attributed the relaxation
effect'®. Van den Broucke and Lemli explain the
spasmolytic effect of flavones in 7. vulgaris by their
ability to inhibit the effect of specific agonists
(acetylcholine, histamine and L-noradrenaline), as well as
of non-specifically acting substances (BaCl,)"".
Therapy of upper respiratory tract catarrh can also be
supported by the above-described anti-inflammatory
activity. Thymol is in vitro able to inhibit COX-1 in
a concentration similar to indomethacin!’" 2. In vitro
testing of carvacrol found out that it inhibited not only
COX-1, but also COX-2'"®. Flavonoids, such as apigenin,
luteolin and thymonin are also mentioned in literature in
connection with anti-inflammatory action!’+177,

Clinical studies, adverse effects

Thyme, its extracts, oils and individual ingredients
are well-known in the treatment of upper respiratory
tract catarrh. Thyme activity, however, has been
documented only by a limited number of clinical studies
(Table 5).
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Table 5. Summary of selected clinical studies of the effect of T. vulgaris on upper respiratory tract catarrh

Number of patients
Study design, Evaluated
Dosage under study Results of study Source
duration parameters
(T vulgaris/placebo)
T. vulgaris
8% extract (1 ml equals
40 mg of dry matter)
< 6 years 2.5 ml in
Upper respiratory 3-hour intervals Safety No severe 178)
tract catarrh 612 years 5 ml in 204 Effectiveness adverse effects
Bronchitis symptoms | 3-hour intervals
> 12 years 10 ml
3-6 times a day
Max. 14 days
Acute bronchitis with | Combination of
. . . Severity and Clinical improvement
productive cough T. vulgaris and H. helix
occurrence against placebo
Double-blinded, 5.4 mL of syrup x 361 179)
of clinical bronchitis No severe
placebo 3 times a day
symptoms adverse effects
controlled study 11 days
. Combination of
Acute bronchitis with
. T vulgaris (160 mg) Severity and Clinical improvement
productive cough
) and P. veris (60 mg) 361 occurrence against placebo 180)
Double-blinded,
(Bronchipret®) of clinical bronchitis No severe adverse
placebo.
1 tablet x 3 per day symptoms effects
controlled study
11 days
Combination of Severity and occurrence
No severe
Acute bronchitis T. vulgaris and P. veris | 7783 of clinical bronchitis 18D)
adverse effects
(Bronchipret®) symptoms
Acute bronchitis with Severity and Clinical improvement
Combination of
productive cough . . 150 occurrence against placebo 182)
T. vulgaris and P. veris
Double-blinded, . of clinical bronchitis No severe adverse
(Bronchicum drops)
placebo controlled study symptoms effects

Ernst et al. generated an extensive multi-centre
supervisory study, in which they were comparing the
effectiveness of Bronchipret (extracts of thyme and
primrose root) with other phytomedicines, ambroxol and
N-acetylcysteine in acute bronchitis therapy'®?. The study
was designed as “matched-pair comparison” of 7,783
patients. Patients with acute bronchitis were diagnosed
upon the first visit to the doctor and divided into two groups
—one group received treatment with Bronchipret, the other
with any other secretolytic. The second group was then
retrospectively divided into 3 sub-groups by specific
medicinal product (phytomedicine, N-acetylcysteine,
ambroxol). The patients were re-examined after ten days.
They documented clinical symptoms of acute bronchitis
and their changes during treatment, as well as adverse
effects. The data was then used for comparing the success
of the treatment with the tested product in 3 control groups.
The authors conclude that the clinical effectiveness of
Bronchipret is not less than one of synthetic products
(N-acetylcysteine, ambroxol), however, they describe
a trend to better results in the group of adult patients's". The
above-described study has several discrepancies. It is not

blinded, so it is impossible to eliminate the patient’s trust or
distrust of the prescribed medication (placebo and nocebo
effect). Also, the numbers of patients in each of the three
control groups are several times lower than the number of
patients using the tested drug, which reduces the statistical
significance of comparison of the results.

Several studies of patients have evaluated the safety
and occurrence of adverse effects. No severe adverse
effects appeared during testing, study by Ismail et al even
lower occurrence of adverse effects compared to
ambroxol and N-acetylcysteine'®®. Although clinical
studies prove that administration of medicinal products
with thyme is safe, treatment of children under 4 years of
age is recommended only under a physician’s supervision.
With respect to lack of data, 7. vulgaris must not be used
during pregnancy and lactation.

Adverse effects of thyme and oil extracts are
associated, for instance, with neurological symptoms,
such as headaches and dizziness. Swallowing a large
amount of thyme oil may induce an attack or coma (Basch
et al 2004)"*. However, we need to realize the fact that,
for instance, LD, for rats is fixed at 2.84 g/kg, which
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would correspond to 196 g for an adult, with the content
of approximately 2% of oil in a consumed dose of less
than 10 kg of thyme. Other adverse effects of thyme
include described conjunctivitis after exposure to thyme
dust, contact dermatitis after exposure to thyme dust or
thymol'*- 1418 and professional asthma and allergisation
(cultivation and production personnel)'*?. In an ex vivo
test of thyme extract, a bond to receptors for progesterone
and estradiol has been observed; endocrinal effects of 7.
vulgaris in people are still unclear'® 185, Due to the
probable content of phytoestrogens, there is a theoretical
risk of interaction with hormonal contraception or with
preparations containing phytoestrogens'3* 189,

Conclusion

Extracts of ginseng (P. quinquefolium) and purple
coneflower (Echinacea spp.) stimulate the immune
system and improve resistance of the organism to
infection agents causing upper respiratory tract catarrh.
Their action can be supported by extracts of thyme (T
vulgaris) or umckaloabo geranium (P. sidoides), which
have a major antibacterial influence and can contribute to
already running disease. In terms of phytochemistry, these
medicinal plants have been explored relatively well and
the mechanism of their action has been described in
a number of both in vitro and in vivo studies.

The literature listed below proves that extracts obtained
from these medicinal plants represent an alternative to
conventional treatment of upper respiratory tract catarrh.
According to clinical studies, their application brings
benefits in the form of reduced frequency and severity of
symptoms of the disease and can also reduce the
occurrence of complications which need to be managed
by antibiotic therapy.

Conflict of interests: none.
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