
Volume 13. Issue 3. Pages 235-386. 2018  
ISSN 1934-578X (printed); ISSN 1555-9475 

(online) www.naturalproduct.us 



 
 

 
 
 
 
 
 

 
 
 

INFORMATION FOR AUTHORS 
 
Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site 
http://www.naturalproduct.us. 
 
Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is 
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction, 
transmission or storage may result in either civil or criminal liability. 
 
The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by 
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third 
party; for purposes of advertising or promotion; or to create collective or derivative works.  Such permission requests, or other inquiries, should be addressed 
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single 
articles for internal study or research purposes.  
 
To Subscribe:  Natural Product Communications is a journal published monthly. 2017 subscription price: US$2,595 (Print, ISSN# 1934-578X); US$2,595 
(Web edition, ISSN# 1555-9475); US$2,995 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department, 
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual 
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue.  All issues are dispatched by airmail throughout 
the world, excluding the USA and Canada.  

NPC Natural Product Communications

 
EDITOR-IN-CHIEF         
 

DR. PAWAN K AGRAWAL           
Natural Product Inc.  
7963, Anderson Park Lane, 
Westerville, Ohio 43081, USA 
agrawal@naturalproduct.us 

 
EDITORS 
 

PROFESSOR MAURIZIO BRUNO 
Department STEBICEF,  
University of Palermo, Viale delle Scienze,  
Parco d’Orleans II - 90128 Palermo, Italy 
maurizio.bruno@unipa.it  
 

PROFESSOR CARMEN MARTIN-CORDERO 
Department of Pharmacology, Faculty of Pharmacy, 
University of Seville, Seville, Spain 
carmenmc@us.es 
 

PROFESSOR VLADIMIR I. KALININ 
G.B. Elyakov Pacific Institute of Bioorganic Chemistry,  
Far Eastern Branch, Russian Academy of Sciences, 
Pr. 100-letya Vladivostoka 159, 690022,  
Vladivostok, Russian Federation 
kalininv@piboc.dvo.ru 
 

PROFESSOR YOSHIHIRO MIMAKI 
School of Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan 
mimakiy@ps.toyaku.ac.jp 
 

PROFESSOR STEPHEN G. PYNE 
Department of Chemistry, University of Wollongong, 
Wollongong, New South Wales, 2522, Australia 
spyne@uow.edu.au 
 

PROFESSOR MANFRED G. REINECKE 
Department of Chemistry, Texas Christian University, 
Forts Worth, TX 76129, USA 
m.reinecke@tcu.edu 
 

PROFESSOR WILLIAM N. SETZER 
Department of Chemistry, The University of Alabama in Huntsville, 
Huntsville, AL 35809, USA 
wsetzer@chemistry.uah.edu 
 

PROFESSOR PING-JYUN SUNG 
National Museum of Marine Biology and Aquarium 
Checheng, Pingtung 944 
Taiwan 
pjsung@nmmba.gov.tw 
 

PROFESSOR YASUHIRO TEZUKA 
Faculty of Pharmaceutical Sciences, Hokuriku University,  
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan  
y-tezuka@hokuriku-u.ac.jp 
 

PROFESSOR DAVID E. THURSTON  
Institute of Pharmaceutical Science  
Faculty of Life Sciences & Medicine  
King’s College London, Britannia House 
7 Trinity Street, London  SE1 1DB, UK  
david.thurston@kcl.ac.uk 
 

ADVISORY BOARD 
 

Prof. Giovanni Appendino 
Novara, Italy 
 

Prof. Norbert Arnold 
Halle, Germany 
 

Prof. Yoshinori Asakawa 
Tokushima, Japan 
 

Prof. Vassaya Bankova 
Sofia, Bulgaria 

 

Prof. Roberto G. S. Berlinck 
São Carlos, Brazil 
 

Prof. Anna R. Bilia 
Florence, Italy 
 

Prof. Geoffrey Cordell  
Chicago, IL, USA 
 

Prof. Fatih Demirci 
Eskişehir, Turkey 
 

Prof. Francesco Epifano 
Chieti Scalo, Italy 
 

Prof. Ana Cristina Figueiredo 
Lisbon, Portugal 
 

Prof. Cristina Gracia-Viguera 
Murcia, Spain 
 

Dr. Christopher Gray 
Saint John, NB, Canada 
 

Prof. Dominique Guillaume 
Reims, France 
 

Prof. Duvvuru Gunasekar 
Tirupati, India 
 

Prof. Hisahiro Hagiwara 
Niigata, Japan 
 

Prof. Judith Hohmann 
Szeged, Hungary 
 

Prof. Tsukasa Iwashina 
Tsukuba, Japan 
 

Prof. Leopold Jirovetz 
Vienna, Austria 
 

Prof. Phan Van Kiem 
Hanoi, Vietnam 
 
 

  
 
 

 

Prof. Niel A. Koorbanally 
Durban, South Africa 
 

Prof. Chiaki Kuroda 
Tokyo, Japan 

 

Prof. Hartmut Laatsch 
Gottingen, Germany 
 

Prof. Marie Lacaille-Dubois  
Dijon, France 
 

Prof. Shoei-Sheng Lee  
Taipei, Taiwan  
 

Prof. M. Soledade C. Pedras 
Saskatoon, Canada 
 

Prof. Luc Pieters  
Antwerp, Belgium 
 

Prof. Peter Proksch  
Düsseldorf, Germany 
 

Prof. Phila Raharivelomanana 
Tahiti, French Polynesia 
 

Prof. Stefano Serra  
Milano, Italy 
 

Dr. Bikram Singh 
Palampur, India 
 

Prof. Marina Stefova 
Skopj, Republic of Macodenia 
 

Prof. Leandros A. Skaltsounis 
Zografou, Greece 
 

Prof. John L. Sorensen 
Manitoba, Canada 
 

Prof. Johannes van Staden 
Scottsville, South Africa 
 

Prof. Valentin Stonik  
Vladivostok, Russia 
 

Prof. Winston F. Tinto 
Barbados, West Indies  
 

Prof. Sylvia Urban 
Melbourne, Australia 
 

Prof. Karen Valant-Vetschera 
Vienna, Austria 
 

 

HONORARY EDITOR 
 

PROFESSOR GERALD  BLUNDEN 
The School of Pharmacy & Biomedical Sciences, 

University of Portsmouth, 
Portsmouth, PO1 2DT U.K. 

axuf64@dsl.pipex.com 



 
 

Synergy between Essential Oils of Calamintha Species (Lamiaceae)  
and Antibiotics 
 
Marina Milenkovića, Jelena Stošovića and Violeta Slavkovskab,* 

 
aDepartment of  Microbiology and Immunology, University of Belgrade – Faculty of Pharmacy,  
Vojvode Stepe 450, 11000 Belgrade, Serbia 
 

bDepartment of Botany, University of Belgrade – Faculty of Pharmacy, Vojvode Stepe 450, 11000 Belgrade, Serbia 
 
violetas@pharmacy.bg.ac.rs 
 
 

Received: December 27th, 2017; Accepted: January 30th, 2018 
 

 
  
The subject of the study was the investigation  of  the chemical composition and antimicrobial activity of the essential oils (EOs) isolated from Calamintha 
sylvatica, C. vardarensis,  C. nepeta  and  C. glandulosa,  as well as their antibacterial activity in combination with antibiotics. The quantitative and qualitative 
analysis of  EOs was performed  using the GC/FID and GC/MS methods. The antimicrobial activity of EOs against six standard bacterial strains and one strain 
of yeast was tested using the broth microdilution method, while the antimicrobial activity of a combination of essential oils and gentamicin/ciprofloxacin was  
tested  by the checkerboard method. The dominant components (> 10%) of  the essential oils were: cis-piperitone epoxide and menthone (C. sylvatica),  
pulegone and menthone (C. vardarensis),  pulegone and piperitenone  (C. nepeta),  pulegone,  piperitenone,  menthone and  piperitone  (C. glandulosa).  EOs 
did not exhibit significant antimicrobial activity except  the essential oil of  C. vardarensis  which  was  selectively active against  Staphylococcus aureus  
(MIC - 21.25 µg/mL). The overall effect of essential oil-antibiotic combinations varied from synergistic (FICI ≤ 0.5) to antagonistic (FICI ≥ 2) depending on 
the bacterial strain tested.  
 
Keywords:  Calamintha species, Essential oil, Antimicrobial activity, Synergistic effect. 
 

 
 
Antibiotic resistance is a major global public health problem and 
despite the huge diversity of antibacterial compounds, bacterial 
resistance to first-choice antibiotics has been drastically increasing 
[1]. Тhe necessity for finding new antimicrobial agents and 
approaches in curing infections caused by resistant bacterial strains 
is increasing every day [2]. One of the approaches to this problem is 
the use of essential oils as antibiotic adjuvants, with the aim of 
achieving synergistic interactions [3].  
 
Species of genus Calamintha are known as aromatic plants. The 
essential oil content in these species ranges from 0.2-2%. Their 
essential oils are rich in menthane class monoterpene compounds 
such as: pulegone, cis-piperitone epoxide, piperitenone and 
piperitenone oxide [4]. 
 
The results of the research done so far on the antimicrobial activity 
of the essential oils of the species of genus Calamintha have 
confirmed this activity [4g-4h,5]. However, since the effect of the 
combination of conventional antibiotics and Calamintha species’ 
essential oils on bacterial growth has yet to be examined, the aim of 
this research was to examine the antimicrobial activity of the 
essential oils isolated from Calamintha species widespread in the 
central part of the Balkan Peninsula as well as their antibacterial 
activity in combination with antibiotics. For our research we selected 
four species:  Calamintha sylvatica Bromf., C. vardarensis Šilić, C. 
nepeta (L.) Savi and C. glandulosa  (Req.) Benth.  C. vardarensis is a 
Balkan endemite which grows in FYR Macedonia, Albania, 
Bulgaria and Greece, while the other investigated species, besides 
the Balkan Peninsula, extend eastwards to western Asia [6].  
 
All the investigated species were characterized by a high quantity of 
essential oils (0.6%-1.8%) dominated by  oxygenated monoterpene 
compounds (higher than 89%) (Table 1). The dominant components 
of the investigated essential oils were: C. sylvatica  - cis-piperitone 
epoxide (63.3%) and menthone (10.8%), C. vardarensis -  pulegone 

(51.6%) and menthone (19.9%), C. nepeta - pulegone (58.0%) and 
piperitenone (27.4%), and C. glandulosa - pulegone (35.1%), 
piperitenone (23.4%), menthone (15.7%) and piperitone (11.5%). 
The biggest difference in the proportionality of dominant oil 
components is seen in the lack of pulegone, piperitone and 
piperitenone in species C. sylvatica and the dominance of cis- 
piperitone epoxide. In the oil of the rest of the species, pulegone 
dominates. cis-Piperitone epoxide appearing in C. vardarensis 
(7.1%), was not detected in the oil of C. nepeta and C. glandulosa. 
Piperitenone, one of the main components of the oil of C. nepeta 
and C. glandulosa, appears in the oil of C. vardarensis in the 
amount of 5.9% and was not detected in the oil of C. sylvatica. 
Piperitone is one of the main components only in the oil of C. 
glandulosa (Figure 1). 
 
Earlier research [4a-4b, 4d-4f, 4h] has determined a similar content 
and composition of the essential oil isolated during the species' 
flowering stage which indicates that these are stable characters of 
the plants. These characteristics should be taken into consideration 
when gathering material for possible further pharmacological 
research i.e. the material should be gathered in the same 
developmental stage of the plants so that the results obtained are 
compatible for comparison with those already published.  
 
Values of minimum inhibitory concentrations of essential oils and 
antibiotics (gentamicin/ciprofloxacin) are presented in Table 2 and 
Table 3, respectively. The essential oils of the investigated species 
have shown similarities in antimicrobial activity, which is probably 
the result of their similar essential oil composition. We did not 
observe strong antimicrobial activity, except for the essential oil of 
C. vardarensis which was selectively active against Staphylococcus 
aureus (MIC-21.25 µg/mL). Since pulegone is the dominant 
component in the essential oil of C. vardarensis, we might assume 
that its antimicrobial activity comes from this compound.  But, it    
is interesting to note that the essential oil of C. nepeta and 
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Table 1: The content and composition (%) of essential oils of the studied Calamintha species. 
 C. sylvatica C. vardarensis C. nepeta C. glandulosa
Oil content (%, v/w) 0.6 0.9 1.8 1.6 
 RT R I Compounds     
1.  7.008 935 α-Pinene 0.1 0.7 0.3 0.8 

2.  8.194 945 Sabinene 0.1 0.4 0.2 - 

3.  8.320 979 β-Pinene 0.2 0.8 0.6 1.3 

4.  8.698 992 β-Myrcene 0.2 0.5 0.3 0.7 

5.  8.834 996 3-Octanol 0.4 0.2 - 1.6 

6.  9.925 1026 ρ-Cymene 0.7 0.4 - - 
7.  10.077 1030 Limonene 0.8 2.8 1.8 3.2 

8.  10.357 1034 (Z)-β-Ocimene 0.2 0.3 - 0.1 

9.  11.199 1059 γ-Terpinene 0.2 0.2 - - 
10.  11.557 1069 cis-Sabinene hydrate 1.7 0.6 - 1.1 

11.  12.782 1101 trans-Sabinene hydrate 0.5 - - - 
12.  15.630 1161 Menthone 10.8 19.9 3.9 15.7 

13.  16.035 1167 Isomenthone - 2.0 0.8 0.6 

14.  16.060 1177 Isopulegone - 1.4 1.1 - 

15.  16.130 1181 Terpinen-4-ol 3.1 - - - 
16.  16.384 1189 Isomenthol 3.2 - - - 
17.  16.583 1192 Neoisomenthol 0.3 - - - 
18.  16.665 1194 α-Terpineol 0.4 - - - 

19.  16.957 1253 Pulegone - 51.6 58.0 35.1 

20.  19.480 1257 Piperitone - - 2.4 11.5 

21.  19.703 1265 cis-Piperitone epoxide 63.3 7.1 - - 
22.  20.876 1289 Dihydroedulan II 0.3 - - - 
23.  21.026 1295 Thymol 1.8 0.2 - - 
24.  21.419 1305 Carvacrol 0.2 0.1 - - 
25.  21.717 1312 Menthyl acetate 1.1 - - - 
26.  21.896 1316 Dihydrocarveol acetate 0.6 - - 0.7 

27.  23.135 1346 Piperitenone - 5.9 27.4 23.4 

28.  24.188 1371 Piperitenone oxide 2.4 0.3 1.5 1.3 

29.  24.918 1388 β-Bourbonene 0.2 - - - 
30.  26.371 1423 (E)-Caryophyllene 3.1 0.9 - - 
31.  27.724 1457 α-Humulene 1.2 0.3 - 0.5 

32.  28.837 1485 Germacrene D 1.6 1.6 0.6 0.7 

33.  29.399 1500 Bicyclogermacrene - 0.4 0.1 - 

34.  32.558 1581 Spathulenol - 0.2 - - 
35.  32.801 1587 Caryophyllene oxide 0.6 0.2 - 0.2 

Monoterpene hydrocarbons  2.5 6.1 3.2 6.1 

Oxygenated monoterpenes  89.7 89.1 95.1 89.4 

Monoterpenoids 92.2 95.2 98.3 95.5 

Sesquiterpene hydrocarbons  6.1 3.2 0.7 1.2 

Oxygenated sesquiterpenes 0.6 0.4 - 0.2 

Sesquiterpenoids 6.7 3.6 0.7 1.4 

Other compounds 0.4 0.2  1.6 

Total 99.3 99.0 99.0 98.5 

RT - Retention times; RI – Linear retention indices determined in relation to a homologous series of n-alkanes (C9-C24). 
 

 
Figure 1: The dominant components in the essential oils of investigated species. 

 
C. glandulosa, also dominated by pulegone did not have significant 
antimicrobial effect.  

 
Gormez et al. [5f] reported the antibacterial activity of C. nepeta 
against phytopathogenic bacteria. The authors explained the high 
antimicrobial effect by the presence of pulegone, cis-piperitone 
epoxide and piperitenone oxide. Furthermore, the synergistic and 
antagonistic  effects  of  these  chemicals and minor components can  

Table 2: Minimum inhibitory concentrations (MIC) of essential oils. 

Microorganisms 
MIC (µg/mL) 

C. sylvatica C. vardarensis C. nepeta C. glandulosa 

Staphylococcus aureus 
ATCC  6538 

>182 21.25 >191 >186 

Staphylococcus 
epidermidis 
ATCC 12228

>182 >170 >191 >186 

Bacillus subtilis 
ATCC 6633 

>182 >170 >191 >186 

Escherichia coli 
ATCC 10536 

>182 >170 >191 >186 

Pseudomonas 
aeruginosa 
ATCC 9027

>182 >170 >191 >186 

Salmonella abony 
ATCC 6017

>182 >170 >191 >186 

Candida albicans 
ATCC 10231 

>182 >170 >191 >186 

 
Table 3: Minimum inhibitory concentrations (MIC) of antibiotics. 

 
Bacteria 

MIC (µg/mL)
Gentamicin Ciprofloxacin 

Staphylococcus aureus ATCC  6538 0.62 0.16 
Staphylococcus epidermidis ATCC 12228 1.25 0.62 
Bacillus subtilis ATCC 6633 0.62 0.62 
Escherichia coli ATCC 10536 0.31 0.16 
Pseudomonas aeruginosa ATCC 9027 2.50 0.62 
Salmonella abony ATCC 6017 1.25 0.62 
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also affect the antibacterial activity of the essential oils. Božović et 
al. [4h] reported the anti-candida activity of C. glandulosa (Syn. C. 
nepeta (L.) Savi subsp. glandulosa (Req.) Ball) with the MIC values 
ranging from 6.24 mg/mL to 12.48 mg/mL. It should be emphasized 
that MIC values in this study were expressed in miligrams/mL, 
whereas in our study we presented MIC values in micrograms. 
 
The in vitro activity of essential oils in combination with antibiotics 
and FICI values are presented in Table 4. The overall effect of 
essential oil-antibiotic combinations varied from synergistic (FICI ≤ 
0.5) to antagonistic (FICI ≥ 2). The combination of all the essential 
oils and both antibiotics exhibited a synergistic and additive effect 
against Salmonella abony. It is interesting that when combined with 
gentamicin all the tested essential oils exhibited an antagonistic 
interaction against Escherichia coli, while with ciprofloxacin they 
exhibited synergistic and additive effect. 
 

Table 4: The in vitro activity of essential oils in combination with antibiotics 

 
Bacteria 

 FICI 

Gentamicin Ciprofloxacin 

C. 
sylvatica 

C.  
vardarensis 

C.  
nepeta 

C. 
glandulosa

C. 
sylvatica 

C.  
vardarensis

C. 
nepeta

C. 
glandulosa

Staphylococcus 
aureus 

1.23    I 0.99   A 0.25 S 0.25 S 2.17 AN 2.12 AN 0.75 A 0.75 A 

Escherichia 
coli 

2.12 AN 2.12   AN 2.12 AN 2.12 AN 0.25 S 0.25 S 1.12 I 0.62 A 

Pseudomonas 
aeruginosa 

0.62  A 0.62     A 0.75 A 0.62 A 0.62 A 1.12 I 0.5 S 0.62 A 

Salmonella 
abony 

0.50  S 0.50     S 0.5 S 0.62 A 0.25 S 0.25 S 0.25 S 0.62 A 

I – indifferent; AN – antagonism; A – addition; S – synergism 
 

We previously reported different interactions between Salvia 
officinalis essential oil and antibiotics (ceftriaxone, ciprofloxacin, 
and gentamicin). The same combination showed different effects, 
from synergistic to antagonistic, on different clinical isolates of 
MRSA [7].  In a study conducted by Rosato et al. [8] the effect of 
the combinations of gentamicin and four essential oils (Aniba 
rosaeodora Ducke, Melaleuca alternifolia (Maiden &Betche) 
Cheel, Origanum vulgare L. and Pelargonium graveolens L ‘Hér) 
was evaluated. A synergistic effect against all the tested strains was 
observed in gentamicin/A. rosaeodora and gentamicin/P. 
graveolens combinations, while in the other two combinations the 
effect ranged from synergistic to indifferent. In the present study we 
demonstrated that the essential oils of C. sylvatica, C. vardarensis 
and C. nepeta in combination with antibiotics (gentamicin or 
ciprofloxacin) exert a synergistic activity, while C. glandulosa 
essential oil had an additive effect against Salmonella abony. 
Conversely, antagonism was observed against Escherichia coli 
when essential oils were combined with gentamicin. Antagonistic 
interactions between essential oils and antibiotics should not be 
ignored [9]. These findings demonstrate the necessity for systematic 
in vitro studies of the interactions between essential oils and 
antibiotics to reveal any undesirable combinations. 
 
According to the results of this study we can conclude that all the 
investigated species were characterized by a high quantity of essential 
oils dominated by oxygenated monoterpene compounds of the 
menthane class, as well as: cis-piperitone epoxide and menthone (C. 
sylvatica), pulegone and menthone (C. vardarensis),  pulegone and 
piperitenone (C. nepeta), pulegone, piperitenone, menthone and 
piperitone (C. glandulosa). 
 
The essential oils of C. sylvatica, C. nepeta and C. glandulosa, did 
not show significant antimicrobial activity except the essential oil of 
C. vardarensis which demonstrated antimicrobial activity against 
Staphylococcus aureus.  

In combination with antibiotics the investigated essential oils 
exhibited different effects (from synergistic to antagonistic) 
depending on the bacterial strain tested. The essential oils of C. 
sylvatica, C. vardarensis and C. nepeta in combination with 
antibiotics (gentamicin or ciprofloxacin) exerted a synergistic 
activity, while C. glandulosa essential oil had an additive effect 
against Salmonella abony. Synergistic and additive effects suggest 
that the essential oils of the investigated species could be used as 
potential adjuvants to antibiotics. However, a large number of 
different microorganisms should be included in further research, 
with an emphasis on clinical isolates. 
 
Experimental 
 

Plant material: The plant material was collected in the flowering 
stage from the following localities:  C. sylvatica on the edge of a 
beech and hornbeam forest, under Mt. Rudnik (Serbia), C. 
vardarensis in the underbrush in Radika canyon (FYR Macedonia), 
C.  nepeta, by Vratarnica near Zaječar (Serbia) and C.glandulosa on 
Luštica in Stari Krašići (Montenegro). Voucher specimens were 
deposited in the Herbarium of the Department of Botany, Faculty of 
Pharmacy, University of Belgrade (HFF) under numbers: 3251 (C. 
sylvatica), 3037 (C. vardarensis), 3714 (C. nepeta) and 1223 (C. 
glandulosa).  
 
Isolation and analysis of the essential oil: Essential oils were 
obtained from dried aboveground parts of plants by 
hydrodistillation in a Clevenger-type apparatus according to Ph. 
Eur. 8 [10].  Quantitative and qualitative analysis of the essential 
oils was performed using analytical gas chromatography (GC/FID) 
and gas chromatography/mass spectrometry (GC/MS). GC/FID and 
GC/MS analyses were carried out using an Agilent 6890N GC 
system equipped with FID and an Agilent 5975 MSD. The capillary 
column used was a HP-5 MS (30 m x 0.25 mm i.d., film thickness 
0.25 μm). The thermal programme was 60ºC to 280ºC at a 3ºC/min 
rate. Injector temperature: 200ºC. FID temperature: 300ºC. 
Transfer-line temperature: 250ºC. Carrier gas, He (1.0 mL/min); 
injection volume, 1 μL; split ratio, 10:1. EI Mass spectra (70 eV) 
were acquired over the m/z range of 35 –550. 
 
Identification of the compounds was based on the comparison of 
their retention times (RT), retention indices (RI), and mass spectra 
with those obtained from authentic samples and/or the NIST, Wiley 
libraries and literature [11]. The linear retention indices (RI) were 
determined in relation to a homologous series of n-alkanes (C9-
C24) under the same operating conditions. Relative area 
percentages obtained by FID were used for quantification. 
 
Antimicrobial activity: The antimicrobial activity of the essential 
oils was determined by broth-microdilution method according to 
Clinical and Laboratory Standards Institute guidelines [12]. In the 
study we used six standard strains of microorganisms (Gram 
positive bacteria: Staphylococcus aureus ATCC 6538, S. 
epidermidis ATCC 12228, Bacillus subtilis ATCC 6633, Gram 
negative: Escherichia coli ATCC 10536, Pseudomonas aeruginosa 
ATCC 9027, Salmonella abony ATCC 6017, and one strain of yeast 
- Candida albicans ATCC 10231). Overnight broth cultures were 
prepared for each strain, and the final concentration in each well 
was adjusted to 2 ×106 CFU/mL.  The essential oils were dissolved 
in 1% dimethylsulfoxide and diluted to the desired concentrations 
with Mueller-Hinton broth with the addition of 0.05% triphenyl 
tetrazolium chloride (TTC) (Sigma-Aldrich). After incubation for 
24h at 35°C in aerobic conditions, minimum inhibitory 
concentrations (MIC) were determined. Each broth-microdilution 
test was repeated three times and the mean values are presented in 
this paper.  
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The synergism between essential oils and standard antibiotics 
ciprofloxacin and gentamicin (Sigma-Aldrich) was investigated by 
the checkerboard method according Langeveld et al. [3e] and Hu et 
al. [13]. The synergistic effect of the combinations was investigated 
in one concentration above and several concentrations below the 
MIC of each compound (antibiotic and tested essential oil). The test 
was performed in 96-well microtiter plates as a modified broth-
microdilution test. The combination of essential oils and antibiotic 
was prepared by adding 50 μL of each to the same well of microtiter 
plate, and inoculating with 100 μL of previously prepared 
suspension of microorganisms (106 cfu/mL). After incubation for 
24h at 35°C in aerobic conditions, the MIC of the combination was 
determined. The interaction between the essential oil and antibiotic 
was estimated by calculating the fractional inhibitory concentration 
indices (FICI). The FIC of each compound was calculated by 

dividing the concentration of the compound in effective MIC of the 
combination with the MIC of the drug alone (e.g. FICessential oil = 
MICessential oil-antibiotic combination/MICessential oil). FICI values were 
calculated as the sum of the FICessential oil and FICantibiotic and 
interpreted as following: FICI ≤ 0.5 synergy; 0.5 < FICI ≤ 1 
additivity; 1 < FICI ≤ 2 indifference (no effect) and FICI ≥ 2 
antagonism [13,14].  
 
Acknowledgment - This work was supported by the Serbian 
Ministry of Education, Science and Technological Development 
(grant number 173021). Also, the authors are grateful to doc. dr.  
Danilo Stojanović from the Department of Botany, Faculty of 
Pharmacy - University of Belgrade for the plant material of species 
C. nepeta. 

 
References 

 

[1] Alves MJ, Ferreira IC, Dias J, Teixeira V, Martins A, Pintado M. (2012) A review on antimicrobial activity of mushroom (Basidiomycetes) extracts 
and isolated compounds. Planta Medica, 78, 1707-1718.  

[2] Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, Scheld M, Spellberg B, Bartlett J. (2009) Bad bugs. no drugs: No ESKAPE! 
An update from the Infectious Diseases Society of America. Clinical Infectious Diseases, 48, 1–12. 

[3] (a) Hemaiswarya S, Kruthiventi AK, Doble M. (2008) Synergism between natural products and antibiotics against infectious diseases. 
Phytomedicine, 15, 639–652; (b) Bush K, Courvalin P, Dantas G, Davies J, Eisenstein B, Huovinen P, Jacoby GA, Kishony R, Kreiswirth BN, 
Kutter E, Lerner SA, Levy S, Lewis K, Lomovskaya O, Miller JH, Mobashery S, Piddock LJ, Projan S, Thomas CM, Tomasz A, Tulkens PM, 
Walsh TR, Watson JD, Witkowski J, Witte W, Wright G, Yeh P, Zgurskaya HI. (2011) Tackling antibiotic resistance. Nature Reviews 
Microbiology, 9, 894–896; (c) Kon KV, Rai MK. (2012) Plant essential oils and their constituents in coping with multidrug-resistant bacteria. 
Expert Review Anti- infective Therapy, 10, 775–790; (d) Król SK, Skalicka-Woźniak K, Kandefer-Szerszeń M, Stepulak A. (2013) The biological 
and pharmacological activity of essential oils in the treatment and prevention of infectious diseases. Postepy Higieny I Medyciny Doswiadczalnej, 
67, 1000-1007; (e) Langeveld WT, Veldhuizen EJ, Burt SA. (2014) Synergy between essential oil components and antibiotics: a review. Critical 
Reviews in Microbiology, 40, 76-94. 

[4] (a) Baldovini N, Ristorcelli D, Tomi F, Casanova J. (2000) Infraspecific variability of the essential oil of Calamintha nepeta from Corsica (France). 
Flavour and Fragrance Journal, 15, 50-54; (b) Mimica-Dukić N, Couladis M, Tzakou O, Jančić R, Slavkovska V. (2004) Essential oil of 
Calamintha sylvatica Bromf. and Calamintha vardarensis Šilić. Journal of Essential Oil Research, 16, 219-222; (c) Formisano C, Rigano D, 
Napolitano F, Senatore F, Apostolides Arnold N, Piozzi F, Rosselli S (2007) Volatile constituents of Calamintha origanifolia Boiss. growing wild 
in Lebanon. Natural Product Communications, 2, 1253-1256; (d) Radulović SN, Blagojević DP. (2010) Plants volatiles providing additional 
evidences to the occurrence of a wild-growing population of Calamintha vardarensis (Greuter et Burdet) Šilić outside of its natural habitat. 
Chemistry & Biodiversity, 7, 2856-2868; (e) Karousou R, Handlidou E, Lazari D. (2012) Essential-oil diversity of three Calamintha species from 
Greece. Chemistry & Biodiversity, 9, 1364-1372; (f) Ćavar S, Vidić D, Maksimović M. (2013) Volatile constituents, phenolic compounds, and 
antioxidant activity of Calamintha glandulosa (Req.) Bentham. Journal of the Science of Food and Agriculture, 93, 1758-1764; (g) Božović M, 
Ragno R. (2017) Calamintha nepeta (L.) Savi and its main essential oil constituent pulegone:  Biological activities and chemistry. Review. 
Molecules, 22, 290-340; (h) Božović M, Garzoli S, Sabatino M, Pepi F, Baldisserotto A, Andreotti E, Romagnoli C, Mai A, Manfredini S, Ragno R. 
(2017) Essential oil extraction, chemical analysis and anti-candida activity of Calamintha nepeta  (L.) Savi subsp. glandulosa (Req.) Ball - new 
approaches. Molecules, 22, 203-214. 

[5] (a) Ortiz de Urbina VA, Martín LM, Montero JM, Carrón R, San Román L. (1988) Pharmacological screening and antimicrobial activity of the 
essential oil of Calamintha sylvatica subsp. ascendens. Journal of Ethnopharmacology, 23, 323-328; (b) Flamini G, Cioni PL, Puleio R, Morelli I, 
Panizzi L. (1999) Antimicrobial activity of the essential oil of Calamintha nepeta and its constituent pulegone against bacteria and fungi. 
Phytotherapy Research, 13, 349-351; (c) Kitić D, Stojanović G, Palić R, Randjelović V. (2005) Chemical composition and microbial activity of the 
essential oil of Calamintha nepeta (L.) Savi ssp. nepeta var. subisodonda (Borb.) Hayek from Serbia. Journal of Essential Oil Research, 17, 701-
703; (d) Sarac N, Ugur A. (2009) The in vitro antimicrobial activities of the essential oils of some Lamiaceae species from Turkey. Journal of 
Medicinal Food, 12, 902–907; (e) Cherrat L, Espina L, Bakkali M, Pagan R, Laglaoui A. (2014) Chemical composition, antioxidant and 
antimicrobial properties of Mentha pulegium, Lavandula stoechas and Satureja calamintha Sheele essential oils and an evaluation of their 
bactericidal effect in combined processes. Innovative Food Science and  Emerging Technologies, 22, 221-229; (f) Gormez A, Bozari, S, Yanmis D, 
Gulluce M, Sahin F, Agar G. (2015) Chemical composition and antibacterial activity of essential oils of two species of Lamiaceae against 
phytopathogenic bacteria. Polish Journal of Microbiology, 64, 121-127. 

[6] Greuter W, Burdet MH, Long G. (1986) Med-Checklist, Vol. 3. Botanischer Garten & Botanisches Museum, Berlin-Dahlem, Germany, 323-341. 
[7] Milenković M, Božić D, Slavkovska V, Lakušić B. (2015) Synergistic effects of Salvia officinalis L. essential oils and antibiotics against 

methicillin-resistant Staphylococcus aureus. Archives of Biological Sciences, 67, 949-956. 
[8] Rosato A, Piarulli M, Corbo F, Muraglia M, Carone A, Vitali ME, Vitali C. (2010) In vitro synergistic antibacterial action of certain combinations 

of gentamicin and essential oils. Current Medicinal Chemistry, 17, 3289-3295. 
[9] Van Vuuren S, Viljoen A. (2011) Plant-based antimicrobial studies – methods and approaches to study the interaction between natural products. 

Planta Medica, 77, 1168-1182. 
[10] Ph. Eur. (2013) European Pharmacopoeia, 8th edn. Cauncil of Europe, Strasbourg, France. 
[11] Adams PR. (2007) Identification of Essential Oil Components by Gas Chromatography/Mass Spectrometry, 4th edn. Allured Publishing Corp., 

Illinois, USA. 
[12] Clinical and Laboratory Standards Institute (CLSI) (2014) Performance standards for antimicrobial susceptibility testing. 24th Informational 

Supplement. Approved Standard. CLSI document M100-S24. Wayne, PA, USA. 
[13] Hu ZQ, Zhao WH, Asano N, Yoda Y, Hara Y, Shimamura T. (2002) Epigallocatechin gallate synergistically enhances the activity of carbapenems 

against methicillin-resistant Staphylococcus aureus. Antimicrobial Agents and Chemotherapy, 46, 558-560.  
[14] Orhan G, Bayram A, Zer Y, Balci I. (2005) Synergy tests by E test and checkerboard methods of antimicrobial combinations against Brucella 

melitensis. Journal of Clinical Microbiology, 43, 140-143.  



 

Natural Product Communications Vol. 13 (3) 2018 
Published online (www.naturalproduct.us) 

 
 
Synthesis of Ficusnotins, Rare 1,4-Diarylbutanoids Derived from Ficusnota, via Ruthenium-Catalyzed Conjugate Addition 
Jeong A Yoon, Sungwan Ahn and Young Taek Han         351 
 

Identification of the Metabolites of a Novel Anti-MRSA Compound, Kaempferol-3-O-Alpha-L-(2",3"-di-p-coumaroyl)rhamnoside  
(KCR), Extracted from American Sycamore 
Jiajiu Shaw, Kenneth Swartz, Frederick Valeriote, Joseph Media, Ben Chen, Mark T. Hamann and Xiaojuan Wang   355 
 

Anthocyanins from the Red Flowers of Meconopsis wallichi in Bhutan  
Tsukasa Iwashina, Rinchen Yangzom, Yoshinori Murai, Kencho Dorji, Takayuki Mizuno and Choki Wangmo    359 
 

New Polyisoprenylated Polycyclic Phloroglucines from Clusia gundlachii 
Jin Zhang, Jianping Zhao, Volodymyr Samoylenko, Surendra Jain, Babu L. Tekwani and Ilias Muhammad    361 
 

Polyisoprenylated Acylphloroglucinols from Garcinia nervosa 
Alfarius Eko Nugroho, Hitomi Nakamura, Daisuke Inoue, Yusuke Hirasawa, Chin Piow Wong, Toshio Kaneda,  

A. Hamid A. Hadi and Hiroshi Morita          367 
 

Synergy between Essential Oils of Calamintha Species (Lamiaceae) and Antibiotics 
Marina Milenković, Jelena Stošović and Violeta Slavkovska        371 

 
Accounts/Reviews 

 
Pharmaceutical, Ethnopharmacological, Phytochemical and Synthetic Importance of Genus Aerva: A Review 
Sara  Musaddiq, Kiran Mustafa, SajjadAhmad, Samina Aslam, Basharat Ali, Samia Khakwani, Naheed Riaz, Muhammad Saleem and  
Abdul Jabbar            375 



Natural Product Communications 
2018 

Volume 13, Number 3 
 

Contents 
 

Progress on Bioactive Secondary Plant Metabolites 
(Guest Editor: Antonio Evidente) 

 
Original Paper            Page 

 
Anti-inflammatory Activity of Melampyrum barbatum and Isolation of Iridoid and Flavonoid Compounds 
Erzsébet Háznagy-Radnai, Laura Fási, Edit Wéber, Gyula Pinke, Gergely Király, Anita Sztojkov-Ivanov, Róbert Gáspár and  
Judit Hohmann            235 
 

Phytotoxic Lignans from Artemisia arborescens 
Andrea Labruzzo, Charles L. Cantrell, Alessandra Carrubba, Abbas Ali, David E. Wedge and Stephen O. Duke    237 

 
Accounts/Reviews 

 
Pseudoguaianolides: Recent Advances in Synthesis and Applications 
Margherita Barbero and Cristina Prandi          241 
 

Medical Cannabis for the Treatment of Inflammation 
Dvory Namdar and Hinanit Koltai          249 
 

A Review on Recent Syntheses of Amaryllidaceae Alkaloids and Isocarbostyrils (Time period mid-2016 to 2017) 
Willem A. L. van Otterlo and Ivan R. Green          255 
 

Natural Phenyldihydroisocoumarins: Sources, Chemistry and Bioactivity 
Serhat S. Çiçek, Sara Vitalini and Christian Zidorn         279 
 

Allelopathy for Parasitic Plant Management  
Alessio Cimmino, Marco Masi, Diego Rubiales, Antonio Evidente and Monica Fernández-Aparicio     289 
 

_______________________ 
 

Original Paper 
 

 

Approach to Determination a Structure – Antioxidant Activity Relationship of Selected Common Terpenoids Evaluated  
by ABTS•+ Radical Cation Assay 
Karolina A. Wojtunik-Kulesza, Łukasz M. Cieśla and Monika Waksmundzka-Hajnos      295 
 

Oxygenated Terpenes from the Indo-Pacific Nudibranchs Goniobranchus splendidus and Goniobranchus collingwoodi 
Louise C. Forster, Andrew M. White, Karen L. Cheney and Mary J. Garson       299 
 

Cochlearoids L and M: Two New Meroterpenoids from the Fungus Ganoderma cochlear  
Fu-Ying Qin, Yong-Ming Yan, Zheng-Chao Tu and Yong-Xian Cheng       303 
 

Oxidation of 3β-Acetoxy-21β-acetyl-20β,28-epoxy-18α,19βН-ursane into Novel gem-Chloronitro- and 1,2,4,5-tetraoxane  
derivatives 
Emil Yu. Yamansarov, El’mira F. Khusnutdinova, Alexander N. Lobov, Oxana B. Kazakova and Kirill Yu. Suponitsky   307 
 

Expression of Carotenoid Biosynthetic Genes and Carotenoid Biosynthesis during Seedling Development of  
Momordica charantia 
Do Manh Cuong, Jae Kwang Kim, Jin Jeon, Tae Jin Kim, Jong Seok Park and Sang Un Park     311 
 

Metabolic Profiling and Chemical-Based Antioxidant Assays of Green and Red Lettuce (Lactuca sativa) 
Chang Ha Park, Hyeon Ji Yeo, Thanislas Bastin Baskar, Jae Kwang Kim and Sang Un Park     315 
 

Effect of Guggulsterone on the Expression of Adiponectin in 3T3-L1 Cells 
Indira Saikumar, Avinash A. Rasalkar, Bhadravathi M. Shivakumar, Divijendra N. Reddy and Rajyalakshmi Malempati   323 
 

Synthesis of Analogues of (+)-Gomphoside, a Potent HIF-1 Inhibitor and Cardenolide 
Eckehard Cuny            327 
 

On the Structure of (R)-2-Methylheptyl Isonicotinate: Evidence for the Structural Solution from Total Synthesis 
Mangala Gowri Ponnapalli, Narayana Rao Gundoju, Harikiran Theerthala, Ramesh Bokam and Nageswara Rao Yalavarthi   335 
 

A New Quinolone Alkaloid with Cytotoxic Activity from the Fruits of Euodia Rutaecarpa 
Chen Ma, Xiao Liu, Yu Shan, Shu Xu, Xiu-li Su, Xu Feng and Qi-Zhi Wang       339 
 

Two Nitrogen-containing Compounds from Pseudostellaria heterophylla  
Xiang-Ming Liao, Xun He, Guo-Bo Xu, Zhen Wang, Jing Li, Huan-Yu Guan, Meng Zhou, Yong-Jun Li, Yong-Lin Wang,  
Li-She Gan and Shang-Gao Liao           343 
 

Yohimbine-related Alkaloids from Tabernaemontana corymbosa 
Alfarius Eko Nugroho, Miho Moue, Tadahiro Sasaki, Osamu Shirota, A. Hamid. A. Hadi and Hiroshi Morita    347 
 
 
 
 
 
 
 

Continued inside backcover 
 


