Pobrane z czasopisma Annales C - Biologia http://biologia.annales.umcs.pl
Data: 11/06/2026 13:54:13
10.17951/¢.2018.73.1.7-17

ANNALES
UNIVERSITATIS MARIAE CURIE-SKEODOWSKA
LUBLIN - POLONIA

VOL. LXXIIL, 1 SECTIO C 2018

EWA KOCHAN'*, GRAZYNA SZYMANSKA!,
PAWEL KWIATKOWSKI2, MONIKA SIENKIEWICZ?

'Department of Pharmaceutical Biotechnology, Medical University of £.6dz, Poland
e-mail: grazyna.szymanska@umed.lodz.pl, piotr.szymczyk@umed.lodz.pl
“Department of of Microbiology, Immunology and Laboratory Medicine
Pomeranian Medical University in Szczecin, Poland, e-mail: pawel. kwiatkowski@pum.edu.pl
3Department of Allergology and Respiratory Rehabilitation, 2" Chair of Otolaryngology
Medical University of £.6dz, Poland, e-mail: monika.sienkiewicz@umed.lodz.pl
*Correspondence to: e-mail: ewa.kochan@umed.lodz.pl

Panax quinquefolium hairy root extracts
and their effect in connection
with antibiotics against pathogenic bacteria -
a preliminary study

SUMMARY

The aim of the present study was to determine the level of ginsenosides in extracts from hairy
root A, B, G clones of Panax quinquefolium and their action with antibiotics against clinical bacte-
rial isolates. The content of ginsenosides (the key biologically active compounds) were determined
in tested extracts using HPLC. The activity of extracts with antibiotics was established by micro-
dilution broth method. Total triterpene saponin content was 14.68, 14.32 and 10.07 mgg"' d.w. for
root culture clones A, B and G, respectively. Our research indicates that the addition of extracts
mainly from B and G clone hairy root cultures to antibiotics allow to reduce the ampicillin and tetra-
cycline effective concentration respectively against Enterococcus faecalis and both Escherichia coli
and Acintobacter baumannii.
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INTRODUCTION

Ginsenosides are triterpene saponins isolated from various members of the genus Panax in-
cluding Panax quinquefolium. Most of these compounds belong to the dammarane or the oleanane-
type. The dammarane-type ginsenosides can be further classified into protopanaxadiol-type ginsen-
osides (PPD) and protopanaxatriol-type ginsenosides (PPT) based on their glycone moieties. The
20S-protopanaxadiol derivatives (PPD) have hydroxyl groups at positions C3, C12, and C20, and
sugar moieties attached to the B-OH at C-3 and/or C-20, while the 20S-protopanaxatriol derivatives
(PPT) have hydroxyl groups at positions C3, C6, C12, and C20 and sugar moieties at the a-OH at
C-6 and/or B-OH at C-20. The metabolites Rb1, Rb2, Rc and Rd are 20S-protopanaxadiol deriva-
tives (Rb group), while the saponins Re and Rgl are 20S-protopanaxatriol derivatives (Rg group)
(9). Exemplary structures of ginsenosides are shown in Figure 1.

Rb1 Re

Fig. 1. Structure of ginsenoside Rb1, belonging to protopanaxadiol derivatives and Re belong-
ing to protopanaxatriol derivatives.

Ginsenosides are considered as main pharmacologically active compounds of ginseng. They
act on central nervous, immune system and cardiovascular systems. Ginseng has antioxidative, va-
sorelaxation, antiinflammatory, anticancer, antiallergy activities, as well as hypoglycemic and phy-
toestrogenic effects (3).

Until recently, antibiotics have been considered the most effective method of combating
bacterial infections. They have successfully prevented or treated local infections, as well as sys-
temic disorders. In developing countries, where sanitation is still poor, antibiotics decrease the
morbidity and mortality caused by food-borne or poverty-related infections (8, 24, 41). However,
bacteria have been known to develop resistance to antibiotics since their discovery. Initially, as
new compounds were being quickly developed and introduced onto the market, the scale of the
problem was not alarming. Despite this, at the end of the 20th century, the problem of antibiotic
resistance had risen to dangerously high levels in all parts of the world, making effective treat-
ment of some infectious diseases impossible (7, 27, 30, 41). The rapid spread of multidrug resis-
tant bacteria is a consequence of the abuse of antibiotics and chemotherapeutics and the diversity
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of bacterial resistance mechanisms (5, 22, 26). Expensive treatment is often ineffective and leads
to more general or fatal infections.

Therefore, new antibiotics or natural compounds, that could enhance the effect of exiting an-
tibiotics, are being sought (21, 31-33). One potential source of such natural compounds is repre-
sented by various plant extracts that are considered to be effective in fight against certain bacteria.
Phytochemicals affect bacteria through various mechanisms (35). For example, some inhibit RNA
synthesis and efflux pumps interact with the cytoplasmic membrane and with DNA changing the
permeability of cell membranes, disrupt energy production by inhibiting some enzymes at the plas-
ma membrane, and interfere with catabolic enzymes and the electron transport chain (34). Literature
data also indicate that such plant secondary metabolites as saponins, alkaloids, phenols and phenolic
acid, and essential oils may be suitable for combating microorganisms, including those resistant to
antibiotics (2, 31-33).

Our previous studies have described the generation of P. quinquefolium (American ginseng) hairy
root culture and the optimization of its ginsenoside production (11, 12) and examined the antibacterial
activity of American ginseng hairy root extracts against a range of standard bacterial and yeast strains
(13). The present study is the continuation of this issue by making a novel determination of the ability
of P. quinquefolium B and G clones of hairy root extracts after the conditions optimization of efficient
ginsenoside production to enhance the action of antibiotics against clinical isolates of Enteroccocus
faecalis, Escherichia coli, and Acinetobacter baumannii. These genera of bacteria were included into
the study because of their increasing resistance to recommended antibiotics (10, 17, 19, 28).

MATERIALS AND METHODS

Extraction and isolation of saponins from hairy root cultures of P quinquefolium

Hairy roots were obtained by P. quinquefolium transformation with 4. rhizogenes A4 strains, as
described previously (14). The cultures were grown in 300 mL Erlenmeyer shake flasks with 80 mL
of modified, hormone-free B-5 medium (6, 11). The ginsenoside extraction procedure and the method
of quantitative saponin content determination have been described by Kochan et al. (11) in the paper
entitled “The study of the effect of P. quinquefolium hairy root extracts in combination with antibiot-
ics against clinical isolates of Enterocccus faecalis, Eschericha coli and Acinetobacter baumannii”.

The study included examples of multidrug resistant clinical isolates obtained from patients
with chronic respiratory infections. Enterocccus faecalis was isolated from nasal discharge, Esch-
ericha coli from throat swab and Acinetobacter baumannii from sputum. The bacteria were identi-
fied according to standard microbiological methods with the use of Columbia Agar (bioMérieux),
Enterococcosel Agar (Emapol), Mac Conkey Agar (bioMérieux). They were identified to the species
with the use of API 20 Strep, API 20 E and API 20 NE tests (bioMérieux). The susceptibility testing
to recommended antibiotics was carried out by disc-diffusion method with the use of discs (Bio-
Rad).Two-fold dilution series of the antibiotics ranging from 1024 to 0.5 pg mL"' in Mueller-Hinton
Broth medium (Emapol) were prepared using 96-well microtiter plates. Ampicillin was used for the
clinical isolate of Enterococcus faecalis, and tetracycline for Escherichia coli and Acinetobacter
baumannii. The MIC value, i.e. the lowest concentration of the assayed antibiotic that inhibits the
visible growth of the tested bacteria, was detected after 24 h of incubation at 37°C under aerobic
conditions. The MBC was determined by transferring all the cultures which were cultivated in high-
er than MIC concentrations on Columbia Agar medium (bioMérieux) and incubating them at 37°C
for 18 h. After incubation time the growth levels of cultures were checked.

The micro-dilution broth method was used to determine the effect of different concentra-
tions of extracts from the A, B, and G hairy root clones on the activity of antibiotics against the
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tested bacteria. The extracts were mixed with Mueller-Hinton Broth to obtain concentrations of
0.5 mg mL", I mg mL"', 1.5 mg mL" and 2.0 mg mL"' (concentrations close to MIC and higher
were selected according to the preliminary study), and were added to the number of double dilu-
tions of antibiotic in Mueller-Hinton Broth medium on the 96-well microtiter plates. An inoculum
containing 1.5-10® CFU of each tested bacteria was prepared. 10 pl from the suspension per well
was added to a mixture of broth with various concentrations of antibiotics and extracts (CLSI,
2015). The MIC was determined as the lowest concentration of antibiotic in the extract which
inhibits the visible growth of bacteria after 24 h of incubation at 37°C under aerobic conditions.
The investigations were repeated twice.

STATISTICAL ANALYSIS

All treatments were performed in triplicate. Data was analysed using the Krus-
kal-Wallis test. Any relationship at p < 0.05 was considered as significant. Statistica
Version 13.1 software was used for all statistical analyses (STATSoft).

RESULTS
Ginsenosides content in three clones of P. quinguefolium hairy roots

Three lines of P. quinquefolium hairy roots were carried on modified B-5
medium. Total ginsenoside content was 14.76, 14.32 and 10.08 mgg' d.w. re-
spectively for clones B, A, and G (Table 1). The studied cultures synthesized both
protopanaxadiol and protopanaxatriol derivatives; however, the percentage of sa-
ponins belonging to the Rb group (Rb1+Rb2+Rc+Rd) or the Rg group (Rgl+Re)
in relation to all studied metabolites varied between the tested lines of hairy roots
(Fig. 1); for example, clone A accumulated more Rb group metabolites (73.47%)
than other hairy roots. Different results were observed for protopanaxatriol de-
rivatives: the highest share of Rg group saponins (57.69%) was found in clone G.

G v = < 57-“
B 3037
A 2653,
T T T l/ |/
0% 20% 40% 60% 80% 100%

W Rbgroup ™ Rg group

Fig. 1. The percentage content of protopanaxadiol and protopanaxatriol derivatives in relation
to all studied ginsenosides in three lines of P. quinquefolium hairy roots.
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The content of individual ginsenosides also varied between the studied hairy
root cultures (Table 1), with the pattern Rc>Rbl1>Re>Rb2>Rgl> Rd observed
for clone A with Rc and Rbl as quantitatively dominant saponins and the least
amount of Rd, while the pattern Rb2>Re>Rb1>Rc>Rgl1>Rd was observed for
clone B with metabolite Rb2, being significantly predominant; as in clone A, the
lowest content was determined for saponin Rd.

A different pattern was observed for clone G: Re>Rb1 >Rgl>Rc>Rd>Rb2.
The main ginsenoside, i.e. metabolite Re, constituted 41.51% of total examined
saponin content (Table 1), being twice that calculated for Re in the A (16.77%)
and B (20.78%) clones. In contrast to clone B, the lowest level was found for
saponin Rb2.

Table 1. Ginsenoside content in the studied clones of P. quinquefolium hairy root cultures

Ginsenosides [mg g'd.w.]+SE

Clone

Rbl Re Rb2 Rd Rgl Re Total

3.30°+0.33

3.882+0.79

2.122+0.05

1.22:+0.18

1.40°+0.03

2.40°+0.02

14.32°+ 1.31

2.73*+0.09

1.84°+0.61

5.00°+ 0.65

0.65°+0.09

1.40°+0.08

3.05°+0.08

14.76*+ 0.46

2.44+0.33

1.23°+£0.18

0.08°+0.02

0.52°+0.03

1.63°+0.10

4.18+0.18

10.08°+ 0.6

Values in each column marked with the same letter mean they do not differ significantly
according to the Kruskall-Wallis test (p>0.05)

The enhancement of the inhibitory effect of antibiotics against patho-
genic bacteria by Panax quinquefolium hairy root extracts

In general, supplementation with extracts increased the activity of the tested
antibiotics (Table 2). Supplementation of ampicillin with extracts obtained from
B and G hairy root clones caused a significant reduction of MIC values of an-
tibiotic against E. faecalis isolate from 64 pg mL' to <0.5 pgmL-'. Similarly,
the extracts from the B and G clones enhanced the action of tetracycline against
E. coli and A. baumannii isolates, and the clone A extract slightly enhanced that of
tetracycline to a lesser degree, mainly against the E. coli isolate.
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Table 2. The effect of chosen concentrations of hairy root extracts and antibiotics on patho-
genic bacteria

Concentration of MIC for combination of antibiotics and
MIC of the antibiotics teste.d extracts from | extracts from hairy root clones (ug mL™)
hairy root clones
-1
(mg mL™") A B G
0.5 64 64 64
Enterococcus faecalis 1 1.0 <0.5 <05
64 ng mL! (ampicillin)* 15 1.0 <0.5 <05
2.0 <0.5 <0.5 <0.5
0.5 32 32 32
Escherichia coli ! 8.0 1.0 1.0
32 pg mL! (tetracycline)* 15 8.0 <0.5 <05
2.0 4.0 <0.5 <0.5
0.5 128 128 64
Acinetobacter baumannii 1 2.0 <0.5 <0.5
128 pg mL*!
(tetracycline)* 1.5 1.0 <0.5 <0.5
2.0 1.0 <0.5 <0.5

*>16 pg mL! resistance according to CLSI recommendation

DISCUSSION

In contrast to the earlier study on P. quinquefolium hairy roots cultivated in
unmodified B-5 medium (13), our present findings indicate that the age of the
culture, expressed as the number of passages and composition of the medium,
may influence the total ginsenoside yield and the profile of individual metabolites.
The total ginsenoside content of lines A, B, and G investigated in the present
study was found to be approximately 14.68, 14.32, and 10.07 mg g' d.w.
respectively. A similar investigation found that hairy root cultures of P. ginseng
accumulated a lower level of total ginsenosides (2.58-5.44 mgg! d.w.) (18) than
that of P. quinquefolium described in the present study. Among protopanaxadiol
derivatives, ginsenoside Rb1 prevailed quantitatively in clones A and G, similar to
other hairy root lines of ginseng (20, 38). In clone B, the main saponin, belonging to
Rb group, was metabolite Rb2. This compound quantitatively dominated in leaves
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of blossoming soil-grown 4-year-old P. quinquefolium plants (15). In addition,
our findings confirm the previous ones indicating that the level of saponin Rd
was present in significantly lower amounts than those of the other ginsenosides
(38-40).

All hairy root cultures described in this paper contained more ginsenoside
Re than Rgl. Similar results with reference to protopanaxatriol derivative content
were also noticed for P. ginseng and Panax hybrid (P. ginseng x P. quinquefolium)
hairy roots (18, 39).

The present report is the first to describe the ability of Panax quinquefo-
lium hairy root extracts to enhance the action of recommended antibiotics against
pathogenic bacteria. So far, only few studies have focused on the antimicrobial
effect of ginseng extracts and they were related to the roots from field-grown
plants. The antibacterial activity of a single ginsenosides and the total extract was
described by Battinelli et al. (1). The authors found that total extract from Panax
ginseng root did not show antimicrobial activity and they explained this fact as
low ginsenosides concentration in the extract. It was inactive against all Gram-
positive and Gram-negative microorganisms, but ginsenosides Re and Rgl used
alone possessed strong antibacterial activity against bacteria and yeast. Probably,
the ability to interact with antibiotics of extracts noticed in our study could be
related to the level of ginsenoside Re. The highest concentration of these ginsen-
osides were detected in B and G clones. Other authors reported that saponins iso-
lated from the root of P. quinquefolium exhibited antimicrobial properties against
three species of halitosis: Fusobacterium nucleatum, Clostridium perfringens,
and Porphyromonas gingivalis (42). Furthermore, these saponins also inhibit the
growth of bacteria that cause acne: Propionibacterium acnes (ATCC 11827 and
ATCC 6919), Staphylococcus epidermidis (ATCC 12228), and Staphylococcus
aureus (ATCC 25923). P. acnes ATCC6919 was mostly susceptible to the studied
ginsenoside fraction with values of MIC and MBC both 64 ugmL'. For the re-
maining bacteria, the values of these parameters were higher (37).

An interesting study by Schmidt et al. (25) indicates that saponins have the
potential to increase the action of antibiotics. To be more precise, that vancomy-
cin-resistant Enterococcus faecium demonstrates increased susceptibility to the
antibiotics gentamicin, teicoplanin or daptomycin when applied in combination
with glycyrrhizin acid. Very good results were achieved, with the MIC values
being reduced from 2 mg L' to < 0.125 mg L' and from >8 mg L' to 1 mg L,
especially with the use of gentamicin. Similarly, Sung et al. (36) report that sapo-
nins from Korean red ginseng demonstrate synergistic or additive interaction with
kanamycin or cefotaxime against methicillin-resistant Staphylococcus aureus.

Based on the levels of protopanaxadiol and protopanaxatriol derivatives in
the studied hairy roots, it is possible that the antimicrobial activity of A, B, and
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G clones is associated with their Rg group content. Clones B and G demonstrated
very similar properties, both were more potent than clone A. In addition, both
contained more Rgl and Re metabolites than clone A, while clone G possessed
14% more Rgl and 27% more Re than clone B.

The results obtained in this study have shown that P. quinquefolium extracts
can probably enhance the inhibitory effects of antibiotics and could be potentially
used to reduce the doses of antibiotics when treating patients. Further studies of
extracts from several hairy root clones with different ginsenosides proportions
were performed by using a checkerboard method which allows to define the type
of interaction (additive or synergistic) for connections of extracts and antibiotics
that are recommended.

CONCLUSION

The studied lines of P. quinquefolium hairy roots differ with regard to the
quantitative content of individual ginsenosides. Our results indicate that the con-
tent of protopanaxatriol derivatives (Re and Rgl) probably favours antibacterial
activity.

ACKNOWLEDGEMENTS AND FUNDING SOURCES

The authors wish to thank Tomasz Anyszek and Jacek Kalisz from Synevo Sp. z 0. 0. Labora-
tory, Poland for biological material.

The work was supported by the Medical University of £.6dz [grants no. 50213771 and 503/3-
012-02/503-31-001].

REFERENCES

1. Battinelli L.,. Mascellino M.T., Martino M.C., Lu M., Mazzanti G. 1998. Antimicrobial activity
of ginsenosides. Pharin Pharmacol. Commun. 41: 1-413.

2. Borges A., Abreu A.C., Dias C., Saavedra M.J., Borges F., Simdes M. 2016. New perspectives
on the use of phytochemicals as an emergent strategy to control bacterial infections including
biofilms. Molecules 21: 877. doi: 10.3390/molecules21070877.

3. Chen Ch., Chiou W., Zhang J. 2008. Comparison of the pharmacological effects of Panax gin-
seng and Panax quinquefolium. Acta Pharmacol. Sin. 29(9): 1103-1108.

4. CLSI, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobi-
cally, Approved Standard, 10th ed., CLSI document M07-A10. Clinical and Laboratory Stan-
dards Institute, 950 West Valley Road, Suite 2500, Wayne, Pennsylvania 19087, USA, 2015.

5. Ferri M., Ranucci E., Romagnoli P., Giaccone V. 2017. Antimicrobial resistance: a global
emerging threat to public health systems. Crit. Rev. Food Sci. Nutr. 2, 57(13): 2857-2876. doi:
10.1080/10408398.2015.1077192.

6. Gamborg O.L., Miller R.A., Ojima K. 1968. Nutrient requirements of suspension cultures of
soyabean root cells. Exp. Cell Res. 50: 151-158.



Pobrane z czasopisma Annales C - Biologia http://biologia.annales.umcs.pl
Data: 11/06/2026 13:54:13

PANAX QUINQUEFOLIUM HAIRY ROOT EXTRACTS AND THEIR EFFECT IN CONNECTION... 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Golkar Z., Bagazra O., Pace D.G. 2014. Bacteriophage therapy: a potential solution for the

antibiotic resistance crisis. J. Infect. Dev. Ctries. 13, 8(2): 129-136.

. Gould .M., Bal A.M. 2013. New antibiotic agents in the pipeline and how they can overcome

microbial resistance. Virulence 4(2): 185-191.

. KimY.J., Zhang D., Yang D.C. 2015. Biosynthesis and biotechnological production of ginsen-

osides. Biotechnol. Adv. 33, (6) Part 1: 717-735.

Kristich C.J., Rice L.B., Arias C.A. 2014. Enterococcal Infection — Treatment and Antibiotic
Resistance. 2014 Feb 6. In: M.S. Gilmore, D.B. Clewell, Y. Ike et al. (eds.). Enterococci: From
Commensals to Leading Causes of Drug Resistant Infection [Internet]. Boston, Massachusetts
Eye and Ear Infirmary.

Kochan E., Szymczyk P., Kuzma L., Szymanska G. 2016. Nitrogen and phosphorus as the fac-
tors affecting ginsenoside production in hairy root cultures of Panax quinquefolium cultivated
in shake flasks and nutrient sprinkle bioreactor. Acta Physiol. Plant. 38: 149.

Kochan E., Szymanska G., Szymczyk P. 2014. Effect of sugar concentration on ginsenoside
biosynthesis in hairy root cultures of Panax quinquefolium cultivated in shake flasks and nutri-
ent sprinkle bioreactor. Acta Physiol. Plant. 36: 613-619.

Kochan E., Wasiela M., Sienkiewicz M. 2013. The production of ginsenosides in hairy root
cultures of American Ginseng, Panax quinquefolium L. and their antimicrobial activity. In Vitro
Cell Dev. Biol. Plant. 49(1): 24-29. doi: 10.1007/s11627-012-9469-5.

Kochan E., Krolicka A., Chmiel A. 2012. Growth and ginsenoside production in Panax quin-
quefolium hairy roots cultivated in flasks and nutrient sprinkle bioreactor. Acta Physiol. Plant.
34:1513-1518.

Kochan E., Kotodziej B., Gadomska G., Chmiel A. 2008. Ginsenoside contents in Panax quin-
quefolium organs from field cultivation. Z. Naturforsch. C, 63: 91-95.

Lunga P.K., Qin X.J., Yang X.W., Kuiate J.R., Du Z.Z., Gatsing D. 2014. Antimicrobial ste-
roidal saponin and oleanane-type triterpenoid saponins from Paullinia pinnata. BMC Comple-
ment. Altern. Med. 4: 369.

Maleki M.H., Sekawi Z., Soroush S., Azizi-Jalilian F., Asadollahi K.H, Mahammadi S., Ema-
neini M., Taherikalani M. 2014. Phenotypic and genotypic characteristics of tetracycline resis-
tant Acinetobacter baumannii isolates from nosocomial infections at Tehran hospitals. Iran J.
Basic Med. Sci. 17: 21-26.

Mallol A., Cusido R.M., Palazon J., Bonfill M., Morales C., Piniol M.T. 2001. Ginsenoside pro-
duction in different phenotypes of Panax ginseng transformed roots. Phytochem. 57: 365-371.
Marothi Y.A., Agnihotri H., Dubey D. 2005. Enterococcal resistance — An overview. Indian J.
Med. Microb. 23(4): 214-219.

Mathur A., Ganwar A., Mathur A.K., Verma P., Uniyal G.C., Lal R.K. 2010. Growth kinetics
and ginsenosides production in transformed hairy roots of American ginseng — Panax quinque-
folium L. Biotechnol. Lett. 32: 457-461.

Mishra A.P., Saklani S., Sharifi-Rad M., Iriti M., Salehi B., Maurya V.K., Rauf A., Milella L.,
Rajabi S., Baghalpour N., Sharifi-Rad J. 2018. Antibacterial potential of Saussurea obvallata
petroleum ether extract: a spiritually revered medicinal plant. Cell Mol. Biol. (Noisy-le-grand)
64(8): 65-70.

Munita J.M., Arias C.A. 2016. Mechanisms of Antibiotic Resistance. Microbiol. Spectr.
4(2),10.1128/microbiolspec. VMBF-0016-2015 doi:10.1128/microbiolspec. VMBF-0016-2015.
Rajendran P., Rengarajan T., Thangavel J., Nishigaki Y., Sakthisekaran D., Sethi G., Nishiga-
ki I. (2013). The Vascular endothelium and human diseases. Int. J. Biol. Sci. 9, 9(10): 1057-69.
doi: 10.7150/ijbs.7502. eCollection 2013.



Pobrane z czasopisma Annales C - Biologia http://biologia.annales.umcs.pl
Data: 11/06/2026 13:54:13

16

EWA KOCHAN, GRAZYNA SZYMANSKA, PAWEE KWIATKOWSKI, MONIKA SIENKIEWICZ

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rossolini G.M., Arena F., Pecile P., Pollini S. 2014. Update on the antibiotic resistance crisis. Clin.
Opin. Pharmacol. 18: 56-60.

Schmidt S., Heimesaat M.M., Fischer A., Bereswill S., Melzig M.F. 2014. Saponins increase
susceptibility of vancomycin-resistant enterococci to antibiotic compounds. Eur. J. Microbiol.
Immunol. (Bp). 4(4): 204-212.

Schroeder M., Brooks B.D., Brooks A.E. 2017. The complex relationship between virulence and
antibiotic resistance. Genes (Basel.) 8(1): 39. doi: 10.3390/genes8010039.

Sengupta S., Chattopadhyay M.K., Grossart H.P. 2013. The multifaceted roles of antibiotics and
antibiotic resistance in nature. Front Microbiol. 4: 47.

Sekowska A., Ibsz-Fijalkowska A., Gotdyn K., Gospodarek E. 2009. Susceptibility of Enterobac-
teriaceae rods to selected tetracyclines. Med. Dosw. Mikrob. 61(4): 321-326.

Sharifi-Rad J., Tayeboon G.S., Niknam F., Sharifi-Rad M., Mohajeri M., Salehi B., Iriti M., Sharifi-
Rad M. 2018. Veronica persica Poir. extract — antibacterial, antifungal and scolicidal activities, and
inhibitory potential on acetylcholinesterase, tyrosinase, lipoxygenase and xanthine oxidase. Cell
Mol. Biol. 64: 50-56. doi: 10.14715/cmb/2018.64.8.8.

Sharifi-Rad J., Van Belkum A., Fallah F., Sharifi-Rad M. 2016. Rising Antimicrobial Resistance in
Iran. Der Pharmacia Lettre. 8 (7): 31-33.

Sharifi-Rad M., Nazaruk J., Polito L., Morais-Braga M.F.B., Rocha J.E., Coutinho H.D.M., Salehi
B., Tabanelli G., Montanari C., Del Mar Contreras M., Yousaf Z., Setzer W.N., Verma D.R., Mar-
torell M., Sureda A., Sharifi-Rad J. 2018. Matricaria genus as a source of antimicrobial agents:
from farm to pharmacy and food applications. Microbiol. Res. 215: 76-88. doi: 10.1016/j.mi-
cres.2018.06.010.

Sharifi-Rad M., Roberts T.H., Matthews K.R., Bezerra C.F., Morais-Braga M.F.B., Coutinho
H.D.M., Sharopov F., Salehi B., Yousaf Z., Sharifi-Rad M., Del Mar Contreras M., Varoni E.M.,
Verma D.R., Iriti M., Sharifi-Rad J. 2018. Ethnobotany of the genus Taraxacum — phytochemicals
and antimicrobial activity. Phytother. Res. 32(11): 2131-2145. doi: 10.1002/ptr.6157.

Sharifi-Rad M., Mnayer D., Morais-Braga M.F.B., Carneiro J.N.P., Bezerra C.F., Coutinho H.D.M.,
Salehi B., Martorell M., Del Mar Contreras M., Soltani-Nejad A., Uribe Y.A.H., Yousaf Z., Iriti M.,
Sharifi-Rad J. 2018. Echinacea plants as antioxidant and antibacterial agents: from traditional med-
icine to biotechnological applications. Phytother. Res. 32(9): 1653-1663. doi: 10.1002/ptr.6101.
Simdes M., Bennett R.N., Rosa E.A. 2009. Understanding antimicrobial activities of phytochemi-
cals against multidrug resistant bacteria and biofilms. Nat. Prod. Rep. 26(6): 746-57. doi: 10.1039/
b821648g.

Snow Setzer M., Sharifi-Rad J., Setzer W.N. 2016. The search for herbal antibiotics: an in-silico
investigation of antibacterial phytochemicals. Antibiotics (Basel) 5(3) pii: E30. doi: 10.3390/anti-
biotics5030030.

Sung W.S., Lee D.G. 2008. The combination effect of Korean red ginseng saponins with kana-
mycin and cefotaxime against methicillin-resistant Staphylococcus aureus. Biol. Pharm. Bull.
31(8): 1614-1617.

Wang L., Yang X., Yu X,, Yao Y., Ren G. 2013. Evaluation of antibacterial and anti-inflamma-
tory activities of less polar ginsenosides produced from polar ginsenosides by heat transforma-
tion. J. Agric. Food Chem. 61: 12274-12282.

Washida D., Shimomura K., Nakajima Y., Takido M.K.S. 1998. Ginsenosides in hairy roots of
Panax hybrid. Phytochemistry 49(8): 2331-2335.

Washida D., Shimomura K., Takido M., Kitanaka S. 2004. Auxins affected ginsenoside produc-
tion and growth of hairy roots in Panax hybrid. Biol. Pharm. Bull. 27: 657-660.



Pobrane z czasopisma Annales C - Biologia http://biologia.annales.umcs.pl
Data: 11/06/2026 13:54:13

PANAX QUINQUEFOLIUM HAIRY ROOT EXTRACTS AND THEIR EFFECT IN CONNECTION... 17

40. Woo S.S., Song J.S., Lee J.Y., In D.S., Chung H.J., Liu J.R., Choi D.W. 2004. Selection of high
ginsenoside producing ginseng hairy root lines using targeted metabolic analysis. Phytochem.
65:2751-2761.

41. Wright G.D. 2014. Something new: revisiting natural products in antibiotic drug discovery. Can.
J. Microbiol. 60(3): 147-154.

42. XueP,YaoY., Yang X., Feng J., Ren G. 2017. Improved antimicrobial effect of ginseng extract by
heat transformation. J. Ginseng Res. 42(2): 180-187.


http://www.tcpdf.org

