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Larrea divaricata (Ld), Larrea cuneifolia (Lc) and Larrea nitida (Ln) are shrubs occurring in Northwestern Argentina used in traditional medicine to treat 
fungal and bacterial infections and as anti-inflammatory. Antibacterial and antifungal activity of several Larrea species has been reported. However, their 
potential use in vaginal infections has been so far not assessed. The aim of this work was to determine the botanical difference between Larrea species, the 
chemical composition and the activity of Larrea dry extracts (DE) on Candida species isolated from vaginal infections and to assess their potential as 
antioxidant agents because infections are usually associated with oxidative processes. The main botanical difference between Larrea species resides in the 
morphology and shape of leaf, leaflets and stipules, presence or absence of mucron and rachis, percentage of coalescence of the leaflets. The position and 
abundance of the sclerenchymatic tissue at the mind vein and petiole transection allows the differentiation of the three species. The profile of phenolic 
compounds in the Larrea DE was determined. HPLC-ESI-MS/MS analysis of  DE allowed the identification of 2 flavonoids and 10 lignans. Trihydroxy-
6,7´cyclolignan was found only in L. divaricata and dihydroxy-methoxy-epoxylignan in L. cuneifolia and L. nitida, nordihydroguaiaretic acid (NDGA) was 
found in the three species. All extracts showed antioxidant capacity. The DE showed to be effective against Candida albicans and non-albicans strains. 
According to our results, the local vaginal use of Larrea DE in the concentration range of MIC values for Candida species does not affect the Lactobacillus 
normal vaginal microbiota. This work adds evidence to the potential use of Larrea DE as phytomedicine in vulvovaginal candidiasis with multiple effects, 
including antifungal and antioxidant activity. 
 

Keywords:  Larrea species, Dry extracts, Antioxidant, Anti-Candida. 
 
 
 
Vulvovaginal candidiasis (VVC) is estimated to be the second most 
common cause of vaginitis. Up to 75% of women suffer this 
infection during their lifetime, and 5–8% of adult women have 
recurrent candidiasis 1a. In this sense, it is important to find 
products without resistance to the treatment of Candida infection. 
Plant extracts (a single extract or an extract combination) could be 
considered as an alternative therapy because they are multi-
component drugs with a binding ability for one or several targets by 
different action mechanisms 1b. Therefore, microorganisms are 
less likely to develop mechanisms of resistance to phyto-extracts. 
 
Several shrubs belonging to genus Larrea (Zygophyllaceae) occur 
in arid region from Argentina and are used in traditional medicine 
to treat fungal and bacterial infections 1c. The most common 
species includes Larrea divaricata Cav. (common names: “jarilla”, 
“jarilla hembra”, “chamanilla”, “jarilla del cerro”, “yarilla”), Larrea 
cunefolia Cav. (common names: “jarilla", "jarilla macho”, “jarilla 
crespa”, “jarilla norte-sur”, “jarilla del campo”) and Larrea nitida 
Cav. (common names: “jarilla”, “jarilla de la montaña”, “crespa”, 
“pispa o pispita”, “jarilla fina”). A wide range of pharmacological 

activities was previously described indicating the potential use as 
alternative or complementary medicine. 
 

The aqueous and/or alcoholic extracts from L. divaricata exert 
antibacterial 2a,b and inmunomodulatory 2c effect. Organic 
solvent extracts were active against phytopathogenic fungi 2d, e. 
The aqueous and ethyl acetate extracts of L. divaricata decreased 
cell proliferation and induced apoptosis 2f-2i. Preliminary 
phytochemical studies reported the presence of NDGA, essential 
oils and flavonoids in some Larrea species 2i-k, 3a.  Antioxidant 
properties 3b and the synergistic antifungal effect of L. nitida and 
Zuccagnia punctata were reported 3c. In Larrea cuneifolia 
organic extracts, several flavonoids including quercetin, apigenin 
and kaempferol derivatives were identified 3d. The antimicrobial 
activity of the species against Gram-negative bacteria 2b, the 
antifungal activity against phytopathogenic filamentous fungi and 
yeast 2d, 3e and the larvicidal activity 3f has been reported. The 
aim of this study was to evaluate the antifungal and antioxidant 
activity and to compare the chemical composition and botanical 
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difference between of three Larrea species for their potential use as 
functional ingredients to treat vaginal candidiasis. 
 
Larrea species are evergreen xerophytic, erect aromatic shrubs 1-4 
m with opposite leaves pubescent, sub-sessile and stipulate leaves 
which show a resinous yellowish appearance. The main botanical 
difference between Larrea species resides in the morphology and 
shape of leaf, leaflets and stipules, presence or absence of mucron 
and rachis, and percentage of coalescence of the leaflets (SM 
Figures.1A-F). Anatomically characters such as non-glandular 
trichomes, stomata types, thick striated cuticle, resinous deposits, 
mesophyll type are common to all three species, however, we found 
that the position and abundance of the sclerenchymatic tissue at the 
mid vein and petiole transection allows the differentiation of the 
three species (SM Table 1, SM Figure 2). The plant anatomical and 
histological information provided in this report allow users to 
identify the botanical source for potential use in phytotherapy 
products. The information updates the previous study by Ragonese 
3g, published in 1960 in an Argentinian journal (in Spanish). 
Phytochemical studies were performed with the lyophilized 
hydroalcoholic extracts from the Larrea aerial parts as used in 
traditional medicine. Extracts contained a high level of total 
phenolic compounds (TPC between 370.6 to 397.9 mg GAE/g dry 
extract) and flavonoid phenolic compounds (FPC between 201.6 to 
240.4 mg GAE/g dry extract). Condensed tannin with values 
between 25.06 and 39.52 mg/g dry extract was detected. 
Hydrolyzed tannin was not detected in any of the analyzed samples. 
Soluble sugars were also quantified (89.7 to 139 mg GE/g DW). 
The results are summarized in SM Table 2. 
 

The HPLC-ESI-MS/MS analysis of the dry extracts (SM Figure 3) 
allowed the tentative identification of 12 compounds including 2 
flavonoids and 10 lignans. Compounds 1 and 2 with [M-H]- ion at 
m/z 463 and 477 amu, showed the neutral loss of 162 amu, leading 
to the base peak at m/z 301 and 315 amu, respectively, in agreement 
with quercetin (Q) and quercetin methyl ether. The compounds 
were assigned as Q-hexoside (1) and Q-methyl ether hexoside (2). 
The main compound with [M-H]- ion at m/z 301 was identified as 
nordihydroguaiaretic acid 7 by the characteristic fragments at 177, 
122 and 109 amu, in agreement with the data reported by Agüero et 
al. (2011) 3a  as well as by comparison with a reference sample of 
the compound. Compound 10 with [M-H]-ion at m/z 285 differs 
from 7 by 16 amu, indicating the presence of three hydroxyl 
functions in the aromatic rings. The compound was identified as    
4-[4-(4-hydroxy-phenyl)-2,3-dimethyl-butyl]-benzene-1,2-diol in 
agreement with Agüero et al. (2011) 3a. Compounds 11 and 12 
differ from compound 7 in 14 amu, supporting the presence of a 
methoxy group in the molecules. The compounds have longer 
retention time as 7, in agreement with the substitution of a free OH 
function by a OCH3 group. Compounds 11 and 12 were assigned as 
methyl nordihydroguaiaretic acid isomers, in agreement with the 
data reported by Agüero et al. (2011) 3a.  
 
Compounds 3 and 4 differ from 7 in 14 amu, presenting fragments 
supporting additional oxygen and an unsaturation (cycle), as 
required for epoxylignans. The mass spectra are in agreement with 
3,4,3´,4´-tetrahydroxy-7,7´-epoxylignan and 3,4,3´,4´-tetrahydroxy-
7,7´-epoxylignan isomer, as reported by Agüero et al. (2011) 3a 
for propolis from Larrea nitida. The mass spectrum of the related 
compound 5 with [M-H]-ion at m/z 329 amu, suggests the presence 
of a methyl ether function. The compound was tentatively identified 
as 3,3´,4´-trihydroxy-4-methoxy-7,7´-epoxylignan 3a. Compound 
9 differs from compound 5 by 16 amu and was assigned as 
dihydroxy-methoxy-epoxylignan, the fragmentation pattern is in 
agreement with the structure proposed.  

Table 1: Identification of Larrea extract constituents by HPLC-MS-MS in the negative 
ion mode. 
Compound Rt (min) [M-H]- MS/MS Compounds 
1 9.0 463 301 Q-hexoside 
2 12.2 477 315(100) Q-methyl ether hexoside 
3 23.5-26.1 315 301(50), 137(19) 3,4,3´,4´-tetrahydroxy-7,7´-

epoxylignan* 
4 34.6. 315 300(100) 3,4,3´,4´-tetrahydroxy-7,7´-

epoxylignan isomer* 
5 37.6-39.3 329 314(100) 3,3´,4´-trihydroxy-4-methoxy-7,7´-

epoxylignan* 
6 37.6-39.3 299 299(100), 243(10), 

109(27) 
3,4,3’,4’-tetrahydroxy 6,7’-
cyclolignan 

7 43.1-47.0 301 273(19),177(9),  
122(25), 109(13) 

Nordihydroguaiaretic acid (NDGA)* 

8 51.4-52.2 283 227(36),209(25), 
189(21),173(6),  
92.3(9) 

Trihydroxy-6,7´cyclolignan 

9 52.1-53.9 313 298(100), 109(5) Dihydroxy-methoxy-7,7´-epoxylignan
10 58.2-59.9 285 122 4-[4-(4-hydroxy-phenyl)-2,3-

dimethyl-butyl]-benzene-1,2-diol* 
11 60.2-62.8 315 300(100),149(40) Methyl-nordihydroguaiaretic acid* 
12 61.8-62.4 315 300(100), 149(35) Methyl-nordihydroguaiaretic acid 

 isomer* 

 
Cyclolignans have been previously isolated from Larrea divaricata 
2e. In the HPLC-ESI-MS/MS of our samples, compounds 6 and 8 
are compatible with cyclolignans differing in the number of free 
hydroxyl and methoxy groups in the aromatic rings. The 
compounds were tentatively identified as hydroxyl methoxy 
derivatives of 6,7’cyclolignan on the basis of [M-H]- ions and 
fragmentation. Compounds include tetrahydroxy- and trihydroxy 
6,7’-cyclolignan (compounds 6 and 8, respectively). The lignans 
occurring in the extracts can be assigned either to NDGA and its 
derivatives, cyclolignans and epoxylignans according to the 
molecular mass and fragmentation patterns. Several biological 
activities (anti-lipoxygenase, antiproliferative, antitumor, antifungal 
and antioxidant) were attributed to lignans 2f, 2j, 3h-j. The 
tentative identification of Larrea extract constituents is summarized 
in Table 1 and the chemical structures in SM Figure 4.     
 
The antifungal activity of DE was assayed in vitro against 10 yeast 
strains obtained from vaginal exudates of patients with vaginal 
yeast infection. They included three strains of Saccharomyces 
cerevisiae, three strains of C. albicans, three strains of C. glabrata 
and one strain of C. tropicalis. Some S. cerevisiae and C. albicans 
and non-albicans strains are azole-susceptible as fluconazole, 
voriconazole, itraconazole (85%) or resistant (R) (15%), SM Table 
3. The Candida and Saccharomyces species were also susceptible to 
nystatin and amphotericin B (SM Table 3).  
 
Dry extracts were effective against C. albicans and non-albicans, in 
microdilutions assays. The MIC50 values were around 25 µg 
GAE/mL in all cases but MIC90 values (25 to 100 µg GAE/mL) 
showed that Ld and Ln extracts were more active than Lc extract 
(SM Table 3). The activity of the extracts was further examined in 
term of minimum fungicidal concentration (MFC), to ascertain 
whether the antifungal susceptibility results correlated with their 
killing capacity. For all isolates, MFC values of extract were two to 
four times higher than MIC90 values (SM Table 3).  Our results are 
consistent with powerful candidacidal activity. Tangarife-Castaño et 
al. (2011) 4a  suggested a classification system for antifungal 
activity in plant derivatives based on MIC values as strong 
inhibitors (MIC of < 0.5 mg/mL); moderate inhibitors (MIC of 0.6-
1.5 mg/mL); and weak inhibitors (MIC of > 1.6 mg/mL). Therefore, 
Ln and Ld extracts could be considered as strong natural 
antifungals. Lactic acid-producing bacteria, mainly Lactobacillus 
spp. are normal vaginal microbiome in women and maintain the 
acidic pH of vaginal fluids (pH 3.5-4.5). Therefore, the evaluation 
of the effect of Larrea extracts on vaginal lactic bacteria is essential 
in order to avoid an imbalance in the vaginal microbiome and the 
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restoration of the ecological equilibrium of the tract after their 
administration. All DE of Larrea spp. produce inhibition of the 
growth of L. casei CRL1267, L. paracasei CRL1291 and L. 
johnsonii CRL1292 isolated from human vagina, with MIC values 
higher than those against Candida strains (>400 µg/mL).    
According to these results, the local vaginal use of Larrea DE in the 
concentration range of MIC values for Candida species does not 
affect the Lactobacillus normal vaginal microbiota. Furthermore, 
our results would stimulate further research on the use of joint 
therapies in VVC of Larrea extracts and beneficial Lactobacillus 
for vaginal applications 4b. The VVC is associated with signals 
following Candida-vaginal epithelial cell interactions that promote 
the release of free radicals and inflammatory response that results in 
mucosal damage 4c. Products released due to the activation of 
proinflammatory enzymes are the major physiological sources of 
free radicals or reactive oxygen species (ROS) 4c. 
 
Larrea extracts showed antioxidant capacity. The Ld extract was 
more active as ABTS•+ scavenger than Lc and Ln with SC50 values 
of 2.68; 4.10 and 4.50 µg/mL, respectively (SM Table 4). SC50 
values did not show significant differences between L. divaricata 
DE and the major lignan identified in the three species, NGDA. In 
all cases the antioxidant effect of Larrea extracts was higher than 
BHT and quercetin, two commercial antioxidants. Similar results 
were reported to Zuccagnia punctata flower extract, a jarilla that 
grows in association with L. divaricata and L. cuneifolia in the 
same arid region of Argentina (SC50 values of 3.8 μg GAE/mL for 
ABTS) 4d. In the assay of the oxidative hemolysis inhibition, Lc 
exhibited a stronger inhibitory effect on lipoperoxidation of red 
blood cells, with IC50 values of 0.12 µg GAE/mL. The main 
compounds in all extracts were NDGA and its derivatives, with 
known antifungal and antioxidant properties [3h-j] . 
 
Experimental 
 

Plant material: The plant parts used were leaves and stems (aerial 
parts), according to the traditional use. Larrea cuneifolia Cav. (Lc) 
and L. divaricata Cav. (Ld) were collected in April 2015 at 
Amaicha del Valle, Tucumán, Argentina at 2000 m.a.s.l.. The 
sample of Larrea nitida (Ln) was collected in April 2015 at 
Vinchina, La Rioja, Argentina at 3485 m.a.s.l. The plants 
investigated are shown in Supplementary material (SM Figure 1). 
The plants were identified by Dra Soledad Cuello (INBIOFIV-
CONICET). Voucher specimens (L. cuneifolia: LIL 614829; L. 
divaricata: LIL 614299; L. nitida: LIL 615845) were deposited at 
the Herbarium of Fundación Miguel Lillo (Tucumán, Argentina). 
The samples were dried in a forced air oven at 40°C. 
 
Histological analysis: Samples of leaves and stems of each species 
were fixed in FAA (formalin, acetic acid, 50% ethanol, 5:5:90 v/v/v), 
and then, were embedded in 3% agarose and sectioned (10-25 μm) 
with a rotation microtome. Sections were stained astra blue-safranin 
and mounted in 50% glycerol [5a]. Sections were visualized with a 
Zeiss Axiolab optic microscope equipped with a Zeiss Axiocam 
ERc 5s digital camera. For scanning electron microscopy (SEM) 
samples were fixed in glutaraldehyde phosphate 5% buffered with 
0.1 M sodium cocadylate at pH 7, and postfixed in 1.5% osmium 
tetroxide buffered with 0.1 M sodium cocadylate at pH 7.2. Leaflets 
were dehydrated in acetone, dried by CO2 critical point drying 
method and covered with a thin gold layer (200Å) by using an ion-
sputter. Observations were carried out on a field emission scanning 
electron microscope (FESEM-ZEISS SUPRA-55 VP).  
 
 

Dry extract preparation: The powdered air-dried plant material (10 
g) was macerated in 200 mL of 60° ethanol for 1 h with ultrasonic 

application five times for 10 minutes. Combined extracts were 
filtered, taken to dryness under reduced pressure and then 
lyophilized to afford the extracts. The w/w extraction yield was 
determined. Dry extracts were placed in oxygen barrier bags and 
vacuum-packed (Multivac, D-8941, Germany). The bags were 
divided into two batches that were stored under two different 
conditions, at room temperature and at 4°C. The dry extract was 
dissolved in ethanol 60°C to carry out the phytochemicals and 
biological assays. 
 
Phytochemical analysis of dry extracts: Total phenolic compound 
(TPC), flavone and flavanone, condensed and hydrolyzable tannins 
and sugar content were determined according to Costamagna et al., 
5b. Non-flavonoid phenols (NF-P) were determined by the Folin–
Ciocalteau method after precipitation of the flavonoids phenols with 
acidic formaldehyde 5c. Flavonoid phenolic (FP) content was 
calculated by difference between TPC and NF-P.  
 

Identification of phenolics by HPLC-ESI-MS/MS:   Extracts were 
analyzed by HPLC-ESI-MS/MS to compare the composition of the 
samples and to identify principal constituents. Mass spectra were 
recorded using an Agilent 1100 (Agilent Technologies Inc., CA, 
USA) liquid chromatography system connected through a split to an 
Esquire 4000 Ion Trap LC/MS(n) system (Bruker Daltoniks, 
Germany). Ionization was performed at 3000 V assisted by nitrogen 
as a nebulizing gas at 50 psi and as a drying gas at 365ºC and a flow 
rate of 10 L/min. Negative ions were detected using full scan (m/z 
20-2200) and normal resolution (scan speed 10,300 m/z/s; peak 
with 0.6 FWHM/m/z). Trap parameters were set in ion charge 
control (ICC) using manufacturer default parameters, and maximum 
accumulation time of 200 ms. Mass spectrometric conditions for 
analysis were as follows: electrospray needle, 4000 V; end plate 
offset, -500 V; skimmer 1, 56.0 V; skimmer 2, 6.0 V; capillary exit 
offset, 84.6 V; capillary exit, 140.6 V. Collision induced 
dissociation (CID) spectra were obtained with a fragmentation 
amplitude of 1.00 V (MS/MS) using helium as the collision gas and 
was automatically controlled through Smart Frag option. Extracts 
were analyzed using a MultoHigh 100 RP 18-5µ (250 x 4.6 mm) 
column (CS-Chromatographie Service GmbH, Langerwehe, 
Germany) maintained at 25 °C. The HPLC-MS analyses were 
performed using a linear gradient solvent system consisting of 1% 
formic acid in water (A) and acetonitrile (B) as follows: 30% to 
40% B over 35 min, increasing to 45% B at 50 min, changing to 
70% B at 70 min, 70 to 100% B from 70 to 80 min, 100% to 30% B 
from 80 to 85 min, and kept to 30% to 95 min. Flow rate was 0.5 
mL/min and the volume injected was 20 µL. Compounds were 
monitored at 254 nm.   

 
Antimicrobial assays: Candida strains were provided by Instituto 
Nacional de Enfermedades Infecciosas- Administración Nacional de 
Laboratorios e Institutos de Salud (INEI-ANLIS) ‘Dr. Carlos G. 
Malbrán’, Buenos Aires, Argentina, 2015. The strains used were 
Candida albicans (144783; 134333; 2089), C. glabrata (031646; 
042030; 031982), C. tropicalis (1841), S. cerevisiae (134528; 
134544; 124263), C. parapsilosis DMic 134410 and C. krusei DMic 
134409. MIC and MFC values of dry extracts against Candida and 
Saccharomyces were determined by the broth microdilution method 
5d. The inoculum (200µL) containing 0.5-2.5×103 CFU/mL and 
DE (6.25–400 µg/mL) were added to each well. Lactobacillus casei 
CRL 1267, L. paracasei CRL 1291 and L. johnsonii CRL 1292 
strains were provided by CERELA (Centro de Referencia de 
Lactobacilos, Tucumán, Argentina).   MIC values of extracts 
against Lactobacillus were performed by the agar macrodilution 
method 5e.  Two-fold serial dilutions of the original extract (6.25 
– 400 µg/mL) were used.  
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Antioxidant activity: The antioxidant capacity of the dry extracts 
(concentration range between 0.1 and 11 µg GAE/mL) was carried 
out by the improved ABTS radical cation (ABTS●+) method as 
described by Costamagna et al. (2013) 5b . Butylated 
hydroxytoluene (BHT), quercetin and NDGA were used as 
reference compounds.The protection of oxidative hemolysis of RBC 
by the DE (0.1 and 2.3 µg GAE/mL) was determined according to 
Mendes et al. (2011) 5f. BHT, quercetin and NDGA were used as 
reference compounds.  

Acknowledgements - This research was supported by grants from 
Secretaría de Ciencia, Arte e Innovación Tecnológica de la 
Universidad Nacional de Tucumán, Argentina (SCAIT-UNT), 
Consejo Nacional de Investigaciones Científicas y Técnicas, 
Argentina (CONICET), Agencia Nacional de Promoción Científica 
y Tecnológica (ANPCyT). Universidad de Talca, Chile (PIEI-
QUIM-BIO), Ministerio de Economía y Competitividad.  

References 

1  (a) Das Neves J, Pinto E, Teixeira B, Dias G, Rocha P, Cunha T, Santos B, Amaral MH, Bahia MF. (2008) Local treatment of vulvovaginal 
candidosis. Drugs, 68, 1787-1802; (b) Wagner H, Ulrich-Merzenich G. (2009) Synergy research: Approaching a new generation of 
phytopharmaceuticals. Phytomedicine, 16, 97-110; (c) Barboza G, Cantero J, Nuñez C, Pacciaroni A, Ariza Espinar L. (2009) Medicinal plants: A 
general review and a phytochemical and ethnopharmacological screening of the native Argentine Flora. Kurtziana, 34, 7-365. 

2  (a) Stege PW, Davicino RC, Vega AE, Casali YA, Correa S, Micalizzi B. (2006) Antimicrobial activity of aqueous extracts of Larrea divaricata Cav 
(jarilla) against Helicobacter pylori. Phytomedicine, 13, 724-727; (b) Zampini IC, Cudmani N, Isla MI. (2007) Actividad antimicrobiana de plantas 
medicinales argentinas sobre bacterias antibiótico-resistentes. Acta Bioquímica Clínica Latinoamericana, 41, 385-393; (c) Anesini C, Genaro A, 
Cremaschi G, Sterin Borda L, Cazaux C, Borda E. (1996) Immunomodulatory action of Larrea divaricata Cav. Fitoterapia, 67, 329-333; (d) Svetaz 
L, Zuljan F, Derita M, Petenatti E, Tamayo G, Cáceres A, Cechinel Filho V, Giménez A, Pinzón R, Zacchino SA, Gupta M. (2010) Value of the 
ethnomedical information for the discovery of plants with antifungal properties. A survey among seven Latin American countries. Journal of 
Ethnopharmacology, 127, 137-158; (e) Vogt V, Cifuente D, Tonn C, Sabini L, Rosas S. (2013) Antifungal activity in vitro and in vivo of extracts and 
lignans isolated from Larrea divaricata Cav. against phytopathogenic fungus. Industrial Crops and Products, 42, 583-586; (f) Anesini C, Ferraro G, 
Lopéz E, Borda P. (2001) Different intracellular signals coupled to the antiproliferative action of aqueous extract from Larrea divaricata Cav and nor-
dihydroguaiaretic acid on a lymphoma cell line. Phytomedicine, 81, 1-7; (g) Davicino R, Manuele MG, Turner S, Ferraro G, Anesini C. (2010) 
Antiproliferative activity of Larrea divaricata Cav. on lymphoma cell line: participation of hydrogen peroxide in its action. Cancer Investigation, 28, 
13-22; (h) Davicino R, Manuele MG, Turner S, Ferraro G, Anesini C. (2011) Larrea divaricata Cav. scientific evidence showing its beneficial effects 
and its wide potential application. Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas, 10, 92-103; (i) Martino R, Barreiro 
Arcos ML, Alonso R, Sülsen V, Cremaschi G, Anesini C. (2016) Polyphenol-rich fraction from Larrea divaricata and its main flavonoid quercetin-3-
methyl ether induce apoptosis in lymphoma cells through nitrosative stress. Phytotherapy Research, 30, 1128-1136; (j) Blecha JE, Anderson M, 
Chow J, Guevarra C, Pender C, Penaranda C, Zavodovskaya M, Youngren J, Berkman C. (2007) Inhibition of IGF-1R and lipoxygenase by 
nordihydroguaiaretic acid (NDGA) analogs. Bioorganic & Medicinal Chemistry Letters, 17, 4026-4029; (k) Carabajal MPA, Isla MI, Zampini IC. 
(2016) Evaluation of antioxidant and antimutagenic activity of herbal teas from native plants used in traditional medicine in Argentina. South African 
Journal of Botany, 110, 258-265. 

3  (a) Agüero MB, Svetaz L, Sánchez M, Luna L, Lima B, López ML, Zacchino S, Palermo J, Wunderlin D, Feresin GE, Tapia A. (2011) Argentinean 
Andean propolis associated with the medicinal plant Larrea nitida Cav. (Zygophyllaceae). HPLC–MS and GC–MS characterization and antifungal 
activity. Food and Chemical Toxicology, 49, 1970-1978; (b) Torres R, Urbina F, Morales C, Modak B, Delle Monache F. (2003) Antioxidant 
properties of lignans and ferulic acid from the resinous exudate of Larrea nitida. Journal of the Chilean Chemical Society, 48, 61-63 (c) Butassi E, 
Svetaz LA, Ivancovich JJ, Feresin GE, Tapia A, Zacchino SA. (2015) Synergistic mutual potentiation of antifungal activity of Zuccagnia punctata 
Cav. and Larrea nitida Cav. extracts in clinical isolates of Candida albicans and Candida glabrata. Phytomedicine, 22, 666-578; (d) Valesi A, 
Rodriguez E, Vander Velde G, Mabry T. (1972) Methylated flavonoids in Larrea cuneifolia. Phytochemistry, 11, 2821-2826; (e) Quiroga EM, 
Sampietro AR, Vattuone MA. (2001) Screening antifungal activities of selected medicinal plants. Journal of Ethnopharmacology, 74, 89-96; (f) 
Batallán G, Torre R, Flores F, Konigheim B, Ludueña-Almeida F, Tonn C, Contigiani M, Almirón W. (2013) Larvicidal activity of crude extracts 
from Larrea cuneifolia (Zygophyllaceae) and of its metabolite nordihydroguaiaretic acid against the vector Culex quinquefasciatus (Diptera: 
Culicidae). Revista da Sociedade Brasileira de Medicina Tropical, 46, 84-87; (g) Ragonese AM. (1960) Estudio anatómico de las especies argentinas 
de Larrea (Zygophyllaceae). Revista de Investigaciones Agricolas, 14, 355-370; (h) Floriano-Sánchez E, Villanueva C,  Medina-Campos C, Rocha 
D,  Sánchez-González DJ,  Cárdenas-Rodríguez N, Pedraza-Chaverrí J. (2006) Nordihydroguaiaretic acid is a potent in vitro scavenger of 
peroxynitrite, singlet oxygen, hydroxyl radical, superoxide anion and hypochlorous acid and prevents in vivo ozone-induced tyrosine nitration in 
lungs. Free Radical Research, 40, 523-533; (i) Yam-Canul P, Chirino YI, Sánchez-González DJ, Martínez-Martínez CM, Cruz C, Villanueva C, 
Pedraza-Chaverri J. (2008) Nordihydroguaiaretic acid attenuates potassium dichromate-induced oxidative stress and nephrotoxicity. Food and 
Chemical Toxicology, 46, 1089-1096; (j) Agüero M, Svetaz L, Baroni V, Lima B, Luna L, Zacchino S, Saavedra P, Wunderlin D, Feresin G, Tapia A. 
(2014) Urban propolis from San Juan province. Ethnopharmacological uses and antifungal activity against Candida and dermatophytes. Industrial 
Crops and Products, 57, 166-172. 

4 (a) Tangarife-Castaño V, Correa-Royero J, Zapata-Londoño B, Durán C, Stashenko E, Mesa-Arango AC. (2011) Anti-Candida albicans activity, 
cytotoxicity and interaction with antifungal drugs of essential oils and extracts from aromatic and medicinal plants.  Infection, 11, 160-167; (b) Nader-
Macías MEF, Juárez Tomás MS. (2015) Profiles and technological requirements of urogenital probiotics. Advanced Drug Delivery Reviews, 92, 84-
104; (c) Fisher G. (2012). Chronic vulvovaginal candidiasis: What we know and what we have yet to learn. Australasian Journal of Dermatology, 53, 
247-254; (d) Moreno A, Nuño G, Cuello S, Sayago J, Alberto MR, Zampini C, Isla MI. (2015) Anti-inflammatory, antioxidant and antimicrobial 
activity characterization and toxicity studies of flowers of “Jarilla”, a medicinal shrub from Argentina. Natural Product Communications, 6, 991-994. 

5  (a) Zarlavsky GE. (2014). Histología vegetal: Técnicas simples y complejas. Sociedad Argentina de Botánica, Buenos Aires, 198 pp. (b) Costamagna 
MS, Ordoñez RM, Zampini IC, Sayago JE, Isla MI. (2013) Nutritional and antioxidant properties of Geoffroea decorticans, an Argentinean fruit, and 
derived products (flour, arrope, decoction and hydroalcoholic beverage). Food Research International, 54, 160-168; (c) Isla MI, Salas A, Danert FC, 
Zampini IC, Ordoñez RM. (2014) Analytical methodology optimization to estimate the content of non-flavonoid phenolic compounds in Argentine 
propolis extracts. Pharmaceutical Biology, 52, 835-840; (d) Clinical and Laboratory Standards Institute (CLSI). (2012a) Reference method for broth 
dilution antifungal susceptibility testing of yeasts; 4th informational supplement. Clinical and Laboratory Standards Institute, Villanova PA. (e) 
Clinical and Laboratory Standards Institute (CLSI). (2012b) Performance standards for antimicrobial susceptibility test for bacteria that grow 
aerobically; Approved Standard.9th Edition M7-A9 Wayne, USA; (f) Mendes L, de Freitas V, Baptista P, Carvalho M. (2011) Comparative 
antihemolytic and radical scavenging activities of strawberry tree (Arbutus unedo L.) leaf and fruit.   Food and Chemical Toxicology, 49, 2285-2291. 



 
Natural Product Communications Vol. 13 (2) 2018 

Published online (www.naturalproduct.us) 
 
 
Green Soybean Extract Ameliorates Dextran Sodium Sulfate-Induced Colitis 
Yuko Yoshikawa,  Takuya Murakami, Yuki Katayanagi, Kensuke Yasui, Yasushi Ohgo, Shinjiro Imai and Norio Ohashi   209 
 
 

Chemical Composition and Variability of Leaf and Berry oils from Corsican Juniperus macrocarpa  
Joséphine Ottavioli, Ange Bighelli, Joseph Casanova and Félix Tomi       213 
 

Composition and Chemical Variability of Essential Oils Isolated from Aerial Parts of Cassytha filiformis from Côte d’Ivoire 
Zana A. Ouattara, Nouho Sangaré, A. Janat Mamyrbekova-Bekro, Yves-Alain Békro, Pierre Tomi, Mathieu Paoli,  
Ange Bighelli andFelix Tomi           217 
 

Chemical Composition of the Essential Oil from the Roots of Ferula kuhistanica Growing Wild in Tajikistan 
Payrav D. Khalifaev, Farukh S. Sharopov, Abduahad Safomuddin, Sodik Numonov, Mahinur Bakri, Maidina Habasi,  
Haji Akber Aisa and William N. Setzer          219 
 

Chemical Composition, Antimicrobial and Anti-inflammatory Activity of Algerian Juniperus phoenicea Essential Oils 
Wafae Abdelli, Fouad Bahri, Martina Höferl, Juergen Wanner, Erich Schmidt and Leopold Jirovetz     223 
 

Chemical Composition, Antioxidant, Antimicrobial, and α-Glucosidase Activities of Essential Oils of Hornstedtia scyphifera  
(Zingiberaceae) 
Siti Ernieyanti Hashim and Hasnah Mohd Sirat         229 

 
Additions/Corrections 

 
Мethyl 3-(5-(prop-1-yn-1-yl)thiophen-2-yl)propanoate: A Rare Acetylene Derivative from Artemisia absinthium Root Essential Oil 
Polina D. Blagojević, Marko S. Pešić and Niko S. Radulović  
Natural Product Communications (2017) 12 (4), 603-606        233 

 
Manuscripts in Press           234 
 

 



Natural Product Communications 
2018 

Volume 13, Number 2 
 

Contents 
 

Original Paper            Page 
 

Antiviral Activity of the Sesquiterpene Lactones from Centipeda minima against Influenza A Virus in vitro 
Xiaoli Zhang, Jun He, Weihuan Huang, Huibin Huang, Zeming Zhang, Jiajian Wang, Li Yang, Guocai Wang, Yifei Wang and Yaolan Li 115 
 

A New Diepoxy abietaneolide from Suregada multiflora 
Humaira Yasmeen Gondal, Muhammad Nisar and M. Iqbal Choudhary       121 
 

A New Cembrane, from Soft Coral Genus Sarcophyton in Borneo 
Takashi Kamada, Intan Irna Zanil, Chin-Soon Phan and Charles Santhanaraju Vairappan      123 
 

Novel Ent-Kaurene Glycosides with Eight Glycosyl Units from Stevia rebaudiana  
Indra Prakash, Bin Wang, Gil Ma, George Harrigan, Steven F. Sukits, Krishna P. Devkota, Romila D. Charan, Ryan Donovan and  
Tara M. Snyder            125 
 

Chemical Constituents of Vitex trifolia Leaves 
Ninh Khac Ban, Nguyen Thi Kim Thoa, Tran My Linh, Vu Huong Giang, Do Thi Trang, Nguyen Xuan Nhiem, Bui Huu Tai,  
Tran Hong Quang, Pham Hai Yen, Chau Van Minh and Phan Van Kiem       129 
 

Oleanane-type Triterpenes with Highly-Substituted Oxygen Functional Groups from the Flower Buds of Camellia sinensis and  
Their Inhibitory Effects against NO Production and HSV-1 
Taichi Yoneda, Seikou Nakamura, Keiko Ogawa, Tomoko Matsumoto, Souichi Nakashima, Kiriko Matsumura, Aoi Tanaka, Kaori Ryu,  
Masashi Fukaya, Masahiro Fujimuro, Masayuki Yoshikawa and Hisashi Matsuda      131 
 

Triterpene Glycosides from the Sea Cucumber Eupentacta fraudatrix. Structure and Cytotoxic action of Cucumarioside D  
with a Terminal  3-O-Me-Glucose Residue Unique for this Species 
Alexandra S. Silchenko, Anatoly I. Kalinovsky, Sergey A. Avilov, Roman S. Popov, Vladimir I Kalinin, Pelageya V. Andrijaschenko,  
Pavel S. Dmitrenok and Ekaterina A. Yurchenko         137 
 

Methylobamine, a UVA-Absorbing Compound from the Plant-Associated Bacteria Methylobacterium sp. 
Tsunashi Kamo, Syuntaro Hiradate, Ken Suzuki, Ichiro Fujita, Shinji Yamaki, Tadashi Yoneda, Motoo Koitabashi and Shigenobu Yoshida 141 
 

Preparation and Regeneration of Protoplasts from the Ethyl Vincamine Producing Fungus CH1 (Geomyces sp.) 
Na Ren, Jiajia Liu, Dongliang Yang, Xiong Liu, Jing Zhou and Yingzi Peng       145 
 

Two New Compounds from Medicinal Insect Blaps japanensis and Their Biological Evaluation 
Tao Zheng, Yan-Yong Ming, Zheng-Chao Tu, Fu Rong Xu and Yong-Xian Cheng      149 
 

Isolation and Structure Determination of a New Lumichrome Glycoside Isolated from a Soil Streptomyces sp. KCB16C001 
Sangkeun Son, Eun Kim, Jong Won Kim, Sung-Kyun Ko, Byeongsan Lee, Jung-Sook Lee, Young-Soo Hong, Jae-Hyuk Jang and  
Jong Seog Ahn            153 
 

Antimicrobial Activity of the Constituents of Dalbergia tonkinensis and Structural-Bioactive Highlights 
Ninh The Son, Masataka Oda, Naoki Hayashi, Daiki Yamaguchi, Yu Kawagishi, Fumi Takahashi, Kenichi Harada,  
Nguyen Manh Cuong and Yoshiyasu Fukuyama         157 
 

Chemical Composition and Cytotoxicity of Kalanchoe pinnata Leaves Extracts prepared using Accelerated System 
Extraction (ASE) 

Kassia M. F. Pereira, Simone S. Grecco, Carlos R. Figueiredo, Jorge K. Hosomi, Mari U. Nakamura and João Henrique G. Lago  163 
 

Development of a Bioproduct for Medicinal Use with Extracts of Zuccagnia-type Propolis 
Ana Salas, Iris Catiana Zampini, Luis Maldonado and María Inés Isla       167 
 

Argentinean Larrea Dry Extracts with Potential Use in Vaginal Candidiasis 
María Alejandra Moreno, Susana Córdoba, Iris Catiana Zampini, María Inés Mercado, Graciela Ponessa, Jorge Esteban Sayago,  
Liudis Leidy Pino Ramos, Guillermo Schmeda-Hirschmann and María Inés Isla      171 
 

The Mechanisms of Shcisandrol A in Immune Function Modulation in Immunosuppressed Mice 
Guangyu Xu, Xu Liu, Chunmei Wang, He Li, Chengyi Zhang, Jianguang Chen and Jinghui Sun     175 
 

Synthesis of Polyhydroxylated Aminonaphthazarins Related to Natural Pigments 
Galina I. Melman, Natalia D. Pokhilo, Lyubov N. Atopkina, Vladimir A. Denisenko and Victor Ph. Anufriev    181 
 

A New Tannin from Fruits of Torreya Nucifera with Protein Tyrosine Phosphatase 1B Inhibitory Activity 
Dao-Li Guo            185 
 

Comprehensive Metabolomics Study of Traditionally Important Rumex Species Found in Western Himalayan Region 
Ritika Sharma, Rupali Jandrotia, Bikram Singh, Upendra Sharma and Dinesh Kumar      189 
 
 

Antidiabetic Effects of the Auricularia auricular Polysaccharides Simulated Hydrolysates in Experimental Type-2 Diabetic Rats 
Aoxue Lu, Meng Shen, Zhiyu Fang, Yaoyao Xu, Mengen Yu, Shuang Wang, Yongjun Zhang and Weimin Wang   195 
 

Cinobufacini from the Skin of Bufo bufo gargarizans Induces Apoptosis, Possibly via Activation of the  
Wnt/β-Catenin Pathway, in Human Osteosarcoma Cells 
Xiu-cai Ma, Hui-qiang Ding, Jian-dang Shi, Long Hei, Ning-kui Niu, Zhi-gang Suo, Yan-bing Shang, Song Lin, Fei-fei Pu and  
Zeng-wu Shao            201 
 

Cytotoxic Effect of Aeruginosin-865, Resveratrol and Capsaicin on Mouse Fibroblasts and Cells Derived from Fallow Deer  
Ivana Veselá, Petra Celá Kolísková, Vendula Kuchařová, Jaroslava Tomenendálová, Veronika Kováčová, Jiří Pikula,  
Barbora Repková, Polina Rapekta, Pavel Hrouzek, José Cheel and Jaroslav Doubek      205 

Continued inside backcover 
 


