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A B S T R A C T
We studied the leaves of  Begonia grandis Dryand. subsp. grandis, the northern-
most and most cold-resistant representative of  the predominantly tropical genus 
Begonia, by histochemical methods. In glandular and nonglandular trichomes as 
well as in the epidermal cells of  B. grandis Dryand. subsp. grandis leaves, phenolic 
compounds, including flavonoids, as well as terpenoids and carbonyl compounds 
were detected. The patterns of  phenolic compounds in the acetone and ethanol 
leaf  exudates and in leaves as a whole were similar and contained oxalic, citric, 
and gallic acids, isoquercitrin, and orientin. Concentrations of  phenolic com-
pounds in the acetone and ethanol exudates constituted 0.10 % and 2.59 % of  
all phenolic compounds in the leaves, respectively. Antimicrobial effects of  the 
aqueous ethanol extract and of  the ethanol exudate against reference strains of  
Bacillus subtilis, Staphylococcus aureus, and Candida albicans were detected at the disc 
con tents of  50.0 and 45.8 μg, respectively. The observed set of  characteristics 
can be used in a targeted search for highly antimicrobial species of  Begoniaceaе.
K e y w o r d s : Begonia grandis subsp. grandis, flavonoids, orientin, oxalic acid, antimicrobial 
activity, leaf  exudate, trichomes

Р Е З Ю М Е
Карпова Е.А., Красников А.А., Фершалова Т.Д., Байкова Е.В., Пет
рук А.А., Якимова Ю.Л. Фенольные соединения и антимикробные 
свой ст ва листьев Begonia grandis Dryand. subsp. grandis. С помощью 
гис тохимических методов исследованы листья Begonia grandis Dryand. subsp. 
gran dis – самого северного и холодоустойчивого представителя преимущест
вен но тропического рода Begonia. В железистых и нежелезистых трихомах, а 
также в эпидермальных клетках листьев выявлены фенольные соединения, 
в том числе флавоноиды, а также терпеноиды и карбонильные соединения. 
Фенольные соединения в ацетоновом и этанольном экссудатах листьев, а 
также листьях в целом имеют сходный состав, содержащий щавелевую, ли
мон ную и галловую кислоты, изокверцитрин и ориентин. Концентрации 
фенольных соединений в ацетоновом и этанольном экссудатах составляют 
0,10 % и 2,59 % от суммы фенольных соединений листьев, соответствен-
но. Вы яв лено антимикробное действие водноспиртового экстракта и эта-
нольного экссудата на тестовые штаммы Bacillus subtilis, Staphylococcus aureus и 
Can di da albicans при содержании 50,0 мкг и 45,8 мкг на диск, соответственно. 
Изу ченная система признаков может быть использована для направленно-
го поиска видов Begoniaceaе с высокой антимикробной активностью.
Ключевые слова: Begonia grandis subsp. grandis, флавоноиды, ориентин, щавелевая 
кислота, антимикробная активность, экссудат листьев, трихомы
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Phenolic compounds and 
antimicrobial properties of  
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subsp. grandis leaves

Begonia grandis Dryand. [Begoniaceae Agardh., sect. 
Di p lo  clinium (Lindl.) DC.] is a unique representative of  
the ge nus Begonia. This species is the northernmost, most 
cold-re sistant taxon in Begoniaceae with one of  the widest 
dist ri bu tions in this family: its distribution longitude ranges 
from 97°27'34"E to 121°47'15"E, and the latitude from 
22°59'19"N to 40°40'05"N (Li et al. 2014). The wild plants 
of  B. grandis inhabit sub-boreal summer green forests (Gu 
et al. 2007), unlike most representatives of  the genus, which 
grow in tropical and subtropical regions. Therefore, within 
the tem perate zone, plants of  this taxon can vegetate in 
sum mer not only in a greenhouse but also in the open 
ground, surviving cooling to +5°C without much damage 

to the aboveground part (Karpova & Fershalova 2016). Its 
tu ber can withstand freezing down to -20°C (Li et al. 2014). 

Knowledge about protective compounds and their lo-
ca tion in important for understanding of  an adaptation 
me cha nism. Phenolic compounds form the basis of  plant 
pro tec tion against adverse environmental factors (Chalker-
Scott & Fuchigami 1989). Various structural types of  phe-
no lic compounds exert distinct protective effects in the sys-
tems of  plant interaction with the environment (plant – solar 
radiation, plant – soil, plant – air, plant – microorganisms, 
and plant – insects) (Cheynier et al. 2013, Kant et al. 2015). 
Some proportion of  phenolic compounds in the leaves is 
lo cated on their surface (Valant-Vetschera & Brem 2006). 
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These are exudate compounds, which most likely perform a 
spe cific function in the adaptation. 

Flavonoids are the biggest class of  phenolics with dif-
fe rent structures and functions in plants (Andersen & Mar-
kham 2006). We previously showed that anthocyanins and 
fla vonols are useful for adaptation B. grandis subsp. grandis 
to a low temperature (Karpova et al. 2016, Karpova & Fer-
sha lo va 2016), but it is unclear how these compounds exert 
their activity. What part of  the total phenolic content is on 
the surface of  the leaf? What are these compounds, and 
in what secretory structures are they located? Localization 
of  exudate compounds on the leaf  surface is only the be-
gin ning of  this kind of  research. Phenolic compounds are 
reported to be present in secretory structures called tri-
chomes (Combrinck et al. 2007, Kang et al. 2010).

Trichomes and exudate compounds in the extensive fa-
mily Begoniaceae are poorly studied, despite the gro wing 
interest in them as a good source of  biologically active 
compounds (Li et al. 2014). Secretion of  bioactive com-
pounds and their tissue distribution in B. grandis subsp. 
grandis leaves have not been examined.

The profile of  exudate compounds was studied in detail 
in representatives of  a few families including Asteraceae 
(Wol len weber et al. 1995, Valant-Vetschera et al. 2003a, 
Wol len we ber et al. 2005a, Valant-Vetschera & Wollenweber 
2007, Muravnik et al. 2016), Betulaceae (Valkama et al. 
2003), Boraginaceae (Wollenweber et al. 2002), Empetraceae 
(Mu rav nik & Shavarda 2012), Lamiaceae (Valant-Vetschera 
et al. 2003b), Salicaceae (English et al. 1992, Greenaway et 
al. 1992 a,b), Oleaceae (Tattini et al. 2000), Scrophulariaceae, 
Ra nun culaceae (Nikolova et al. 2003, Nikolova & Asenov 
2006), Rubiaceae (Muravnik et al. 2014), and Solanaceae 
(Wol len weber 2005b). Among these, mainly aglycones of  
fla vones, flavonols, and flavanones and their hydroxy de ri va
tives and methyl ethers were found. Catechins, hyd ro xy cin-
namic acids, and their derivatives, glycosides of  fla vo noids 
were also identified. Nevertheless, reports on the quan ti fi
cation of  exudate compounds are still few (Tatini et al. 2000, 
Valkama et al. 2004, Muravnik & Shavarda 2011, 2012). 

The influence of  solvents and extraction conditions on 
the completeness of  extraction and the pattern of  exu date 
compounds are not well studied. Different solvents are used 
for the extraction of  exudate compounds by ma ny re sear-
chers. Wollenweber et al. (1995, 2002, 2005a,b) performed 
the extraction of  exudate compounds from representatives 
of  Asteraceae, Boraginaceae, and Solanaceae with acetone; 
Mu rav nik investigated compounds of  Asteraceae, Rubiaceae, 
and Empetraceae in methanol extracts (Muravnik & Sha-
var da 2011, 2012, Muravnik et al. 2014, 2016). Valkama et 
al. (2003) and Tattini et al. (2000) extracted the exudates of  
Betulaceae and Oleaceae with ethanol. Greenaway (1992a) 
examined the exudates of  buds and leaves of  the ge nus 
Populus in ethyl acetate, and Heinrich et al. (2002) studied 
the exudates of  Sigesbeckia jorullensis (Asteraceae) in chlo ro-
form. Lahtinen et al. (2006) demonstrated greater effi cien cy 
of  95 % ethanol for the extraction of  birch leaf  sur face 
flavonoids, in comparison with 70 % acetone, 100 % ace
tone, ethyl acetate, dichloromethane, or chloroform. 

The time of  extraction is in the range from several se-
conds (Tattini et al. 2000, Heinrich et al. 2002, Valkama et 

al. 2003) to several minutes (Nikolova et al. 2003). In ma-
ny reports, the expressions “briefly rinsed” or “very briefl y 
rinsed” are present (Wollenweber et al. 1995, ValantVet
sche ra et al. 2003a, Valant-Vetschera & Wollenweber 2007). 
The scope of  reports on exudate-derived compounds of  
the leaves does not correspond to the great taxonomic di-
ver sity of  plants. 

The dominant phenolic constituent in the leaves of  
B. gran dis subsp. grandis is Cglycosylflavone orientin (lu
teo lin 8Cglucoside). Leaves also contain several flavonol 
O-glycosides (hyperoside, isoquercitrin, and astragalin) and 
free aglycones (quercetin and luteolin), which make a sig ni fi
cant contribution to adaptation to cold (Karpova et al., 2016).

The aims of  the present study are to characterize the 
exu date compounds and their localization in the B. grandis 
subsp. grandis leaves and to examine the activities of  the 
leaf  extracts and exudates against some human pathogenic 
mic roorganisms. 

M A T E R I A L  A N D  M E T H O D S
Analyt ical  reagents

All the chemicals were of  analytical grade. These inclu-
ded the following: methanol from Panreac AppliChem 
(Bar celona, Spain), ortho-phosphoric acid from Sigma (St. 
Louis, MO, USA), chemical reference standards of  gallic 
and ferulic acids from Serva (Heidelberg, Germany), oxalic 
acid, citric acid, L-ascorbic acid, quercetin, kaempferol, lu-
teo lin, orientin, isovitexin, astragalin, isoquercitrin, and 
kaemp ferol 3-O-rutinoside from Sigma, hyperoside from 
Fluka (Sigma-Aldrich Chemie GmbH, Munich, Germany). 
Mueller–Hinton agar and mycobiotic agar were acquired 
from Laboratorios Conda, S.A. (Madrid, Spain).

Plant  mater ia ls
We grew B. grandis subsp. grandis plants in a greenhouse 

of  the Central Siberian Botanical Garden (CSBG SB RAS), 
No vo sibirsk, Russian Federation (“Collections of  living 
plants indoors and outdoors” USU 440534): temperature 
varied from +15°C up to +30°C, humidity was 40–60 %, 
and illumination 2000–5000 lx. We collected the samples of  
B. grandis subsp. grandis leaves in the period of  active growth 
three times during June–July at an interval of  2 weeks.

For analysis of  total phenolics in the leaves, we ground 
fresh leaves into a pulp using a household mill. Pre ci sely 
weighed samples of  fresh plant material (0.5 g) were ex hausti-
vely extracted with an ethanol:water mixture (70:30, v/v) in 
a water bath at 60–70°C for 1.0–1.5 h. Aqueous ethanol 
ex tract was filtered, diluted with the ethanol:water mixture 
(70:30, v/v) up to the volume of  25 ml in a graduated flask, 
and subjected to the quantification of  phenolic compounds. 
Dry-weight concentration in the samples was calculated by 
the gravi metric method.

For identification of  exudate compounds, acetone and 
etha nol extracts of  leaf  surface constituents (exudates) 
were pre pared. For acetone extraction, fresh (not ground) 
precisely weighed leaves were briefly rinsed (30–40 s) with 
ace tone to dissolve the surface constituents. The ethanol 
ext rac tion was performed with an analogous wash of  fresh 
leaves with 95 % ethanol. The acetone and ethanol solu tions 
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were evaporated to dryness, and each residue was dis sol ved 
in 1 ml of  95 % ethanol. These extracts of  exudate con sti-
tu ents [acetone (A) and ethanol (E) exudates] were used for 
quan ti fi cation.

Scanning electron microscopy, fluorescence 
microscopy, and histochemistry

Fresh leaves and leaf  cross-sections were subjected to 
mic roscopy. Scanning electron microscopy was performed 
by means of  a Hitachi TM-1000 tabletop scanning electron 
mic roscope (Hitachi High-Technologies Corporation, Ja-
pan) with original software. For preparation of  cross-sec-
tions, plant material was transversely sectioned on a sledge 
mic ro tome. Fresh leaves and anatomical sections were stu-
died un der a light microscope, Primo Star iLED (Carl Zeiss 
Mic ro scopy GmbH, Germany), with a 470 nm light-emit-
ting diode and filter set 09, a highresolution 5mega pixel 
micro scope camera (AxioCamMRc), and imaging software 
AxioVision 4.8 (Carl Zeiss Microscopy GmbH).

Localization of  phenolic compounds was investigated 
by a 5 min histochemical test with 0.05 % Toluidine Blue 0 
in water (Muravnik et al. 2016). 

The presence of  terpenoids was demonstrated using the 
Nadi reagent. It was prepared immediately before use, by 
mi xing 0.5 ml of  a 1 % αnaphthol solution in 40 % etha
nol with 0.5 ml of  1 % dimethyl-p-phenylenediamine chlo-
ride in water and with 49 ml of  0.05 M phosphate buffer 
(pH 7.2) (David & Carde 1964). 

Carbonyl compounds were detected with 2,4-dinit ro-
phe nyl hydrazine (Ganter & Jollés 1969). 

For fluorescence microscopy, fresh sections were stained 
with the Wilson reagent [5 % citric acid (w/v) and 5 % bo ric 
acid (w/v) in absolute methanol] for 15 min (Mu rav nik et al. 
2016) to detect flavonoids by inducing yellowgreen fluo res
cence at 470 nm. For all tests, standard control procedures 
were carried out simultaneously by the same methods.

High-performance l iquid 
chromatography (HPLC)  analys is

The HPLC system for absolute quantification of  phe
no lics consisted of  an Agilent 1200 with a diode array 
de tec tor (DAD) and the ChemStation software (Agi lent 
Technologies, USA) for data processing. The chro ma to gra-
phic separation was conducted at 25°C on a Zorbax SB-C18 
Co lumn (4.6 × 150 mm, 5 μm internal diameter) with the 
Agi lent Guard Column Hardware Kit (p.n. 820888-901).

The mobile phase consisted of  MeOH (solvent A) and 
0.1 % orthophosphoric acid in water (solvent B). Separation 
of  glycosides and other derivatives of  phenolic acids and 
fla vo noids in the aqueous ethanol extract and exudates was 
performed with gradient I. The run via this gradient was 
started with a solvent A–solvent B mixture at 32:68 (v/v) 
followed by a linear gradient to 33:67 (v/v) for the first 
27 min, then to 46:64 (v/v) from minute 28 to minute 38, 
next to 56:44 from minute 39 to minute 50, and then to 
100:0 from minute 51 to minute 54. The mobile phase was 
re tur ned to 32:68 (v/v) from minute 55 to minute 56. The 
flow rate was set to 1 ml·min-1. The sample injection vo-
lume was 10 μl, and the absorbance was measured at 210, 
255, 270, 290, 325, 340, 360, and 370 nm. 

Separation of  organic and phenolic acids was carried out 
with gradient II. The run was started with a solvent A-sol-
vent B mixture at 17:83 (v/v) followed by a linear gra di ent to 
70:30 (v/v) for the first 30 min, then to 100:0 from mi nute 
31 to minute 32. The mobile phase was returned to 22:78 
(v/v) from minute 33 to minute 36 (Voronkova et al. 2016).

The quantification of  phenolic compounds was con
duc ted by the external-standard method. Validation of  
the ana ly tical procedures was performed in accordance 
with ICH guide lines (2005). Standard stock solutions at 
a con cen tration of  1 mg·ml-1 in methanol were used for 
building calibration curves in the concentration range of  
2−100 µg·ml-1. The sum of  organic acids was calculated at 
220 nm, with citric acid as an external standard.

Evaluat ion of  ant imicrobial  act iv i t ies
The disk diffusion method was chosen for assaying 

the anti microbial activities of  the aqueous ethanol extract 
and exu dates of  B. grandis subsp. grandis leaves (EUCAST 
2017). Strains from the American Type Culture Collection 
– Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 
27853, Staphylococcus aureus ATCC 25923, Bacillus subtilis 
ATCC 6633, and Candida albicans ATCC 10231 – and a strain 
from the National Collection of  Type Cultures (Lon don), 
Alcaligenes faecalis NCTC 415, were employed as re fe rence 
strains. Ciprofloxacin (5 µg) served as a standard anti bac terial 
agent, and itraconazole (10 µg) as a standard anti fun gal agent 
(positive control). Ethanol served as a negative control.

Stat ist ical  analys is
All the data were processed in the Statistica 10.0 soft-

ware (Statsoft Inc., Tulsa, OK, USA), were reported as 
mean ± standard deviation (SD) of  three replicates, and 
were compared by the nonparametric Mann-Whitney U 
test. Differences between the means were considered statis-
ti cally significant at the 5 % level (p < 0.05).

R E S U L T S

Locat ion of  phenol ic  compounds
We detected two types of  trichomes on the leaf  surfaces 

of  B. grandis subsp. grandis. The first ones are large conical 
hairs, which we identified as multicellular multiserial non
bran ching trichomes or emergences. On the adaxial leaf  
sur face, they were longer (660 ± 31 µm) than on the abaxial 
sur face (401 ± 34 µm; Fig. 1a). They are located mainly 
along the veins on the abaxial side of  the leaf  and at the 
leaf  margins and scarcely on the adaxial side. Similar conical 
mul ti cellular trichomes in B. grandis and other Chinese bego-
nias were described by Shui et al. (1999, 2002).

Trichomes of  another type were located on both sur-
faces of  the leaf. These are small capitate glandular tri chomes 
represented by an oblong head (25 ± 4 µm in dia me ter and 
37 ± 5 µm in length) and a stalk (30 ± 2 µm long; Fig. 1b). 
The head is formed by 7–15 cells. The stalk is uni se rial and 
consists of  4 cells and a single basal cell. On the de ve loped 
leaf, the hairs of  both types are distributed even ly (Fig. 1a). 

We found salt deposits on the adaxial and abaxial leaf  
sur faces (Fig. 2a) and on the surface of  nonglandular tri-
chomes (Fig. 2b). 
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Secretions in most of  glandular trichomes were clearly 
vi sible (Fig. 3a). Capitate glandular trichomes stained in-
ten se ly blue with Toluidine Blue (Fig. 3c). Nonglandular 
tri chomes stained much more weakly, and the color dist ri-
bu tion was uneven (Fig. 3d). Tests for terpenoids and car-
bo nyl compounds yielded positive results in both types of  
hairs (Fig. 3f, g, i, j). The purple color after Nadi staining 
in dicates the presence of  oil resin, and violet staining of  
the cells of  the adaxial epidermis pointed to the presence 
of  mo no terpenes (Fig. 3h) (Pinheiro et al. 2018). The pre-
sence of  phenolic compounds in cells walls within the aba-
xial epidermis was identified by areas of  a blue color after 
To luidine Blue staining (Fig. 3e). Carbonyl compounds in 
the wall of  the adaxial epidermis cells were revealed by a 
red color after 2,4-dinitrophenylhydrazine staining (Fig. 3k).

HPLC analys is
The fluorescence of  flavonoids from the glandular and 

non glandular trichomes on the leaf  surface indicated the 
pre sence of  these compounds in the exudate. Hence, we 
as ses sed separately the concentration of  the compounds in 
the leaves (L) and the concentration of  compounds in the 
leaf  surface exudate. We detected the exudate compounds 
via two modifications of  the extraction procedure, namely, 
with two different solvents most commonly used in the re-
search on surface compounds: acetone (A) and ethanol (E). 

In the leaves as a whole, we detected phenolic acids (in-
clu ding gallic and ferulic acids), Cglycosylflavone (orientin 
and isovitexin), flavonol Oglycosides (including hyperoside, 
iso quercitrin, astragalin, and kaempferol 3-O-rutinoside), 
free quercetin and luteolin, and a few unidentified flavonol 
gly co sides. Most of  these constituents were found in the 
exu dates too (Table 1). Concentrations of  total flavonoids 
and total phenolic compounds in the leaf  tissues were 7.0 
and 20.9 mg/g, respectively. 

The main phenolic constituents of  the leaves were found 
to be gallic acid, orientin, and isoquercitrin. The leaves also 
showed a high concentration of  total organic acids and a 
cer tain amount of  free aglycones, quercetin, and luteolin.

Total concentration of  organic constituents extracted 
with etha nol (E) exceeded that extracted with acetone (A) 
more than 20-fold; these fractions represented 2.59 and 
0.10 % of  total phenolic compounds in leaves, respectively. 
Each compound’s proportion in the exudate (relative to 
the to tal concentration in the leaves) ranged from 0.03 % 
(hy pe ro side, isoquercitrin) to 0.33 % (astragalin), and from 
0.61 % (hype roside) to 6.53 % (the sum of  organic acids) 
in the experiments on extraction with acetone and ethanol, 
res pec tively. Orientin and organic acids were the main or ga-
nic constituents of  the exudate after extraction with either 
solvent. Among the exudate compounds extracted with 
acetone, quercetin was present only in minute amounts 

Figure 1 Trichomes on the leaves of  B. grandis subsp. grandis, abaxial leaf  surface: a – nonglandular trichomes; b – capitate glandular 
trichome; ep – epidermis; v – veins

Figure 2 Leaf  section (left) and a tip of  a nonglandular trichome (right) on the leaf  of  B. grandis subsp. grandis with a salt deposit
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and was not detected at all in the experiment with ex trac-
tion via ethanol. Luteolin was not detected among exudate 
compounds after extraction with either solvent. Con-
se quently, the ethanol exudate in contrast to the acetone 
exudate did not contain free aglycones. 

In the experiment with acetone extraction, the con-
cen tra tions of  total exudate flavonoids and total exudate 
phe nolic compounds in the fraction of  total leaf  phenolics 
were essentially the same. This finding indicates equal ext
rac ta bility of  flavonols and other phenolics from the leaf  

sur face by acetone. In contrast, from the leaf  surface, fla
vo noids were extracted in greater amounts by ethanol in 
com pa rison with other phenolics. 

Concentrations of  total organic acids and orientin in 
the fraction of  total phenolic compounds from the leaf  sur-
face were higher in comparison with the leaf  as a whole. 
Such concentrations of  quercetin differed slightly, and 
these concentrations of  isoquercitrin and gallic acid were 
sub stan tially lower in the surface fraction. Concentrations 
of  total flavonoids were higher in the fraction of  total phe
no lic compounds from the leaf  surface than in the leaf  as a 
whole; in the experiment with ethanol extraction, they were 
higher than in the experiment with acetone extraction.

In the fraction of  total organic acids from the leaves, we 
de tected oxalic, ascorbic, and citric acid (Table 2). 

Concentrations of  oxalic and citric acid in the leaves 
were significantly higher in comparison with the ascorbic 
acid concentration. 

Antimicrobial  act iv i ty
We examined antimicrobial properties of  B. grandis in the 

aqueous ethanol extract of  the leaves (L) and in the acetone 
(exudates A) and ethanol (exudates E) exudates from the 
leaves of  B. grandis subsp. grandis. To assess the impact of  
con cen trations of  the constituents on antimicrobial pro-
per ties of  the extract and exudates, we calculated the con-
cen trations of  the compounds in them (Table 3).

Phenolic composition was similar between the extract 
and exudates, but there were slight differences. The sum 
of  phenolic compounds was the greatest in exudate 
E (144.8 µg·ml-1) and was the smallest in exudate A 
(28.1 µg·ml-1). We noted an analogous pattern for the con-
cen trations of  total flavonoids (40.9 and 14.5 µg·ml-1, res-
pec tively). Exudate E was exceptional in the con centrations 
of  orientin, total organic acids, flavonol gly co side 13, 
and isovitexin, whereas the aqueous ethanol extract sur-
passed the others in the concentrations of  gallic acid, fla
vo nol glycoside 14, hyperoside, isoquercitrin, kaempferol 
3-rutinoside, quercetin, and luteolin. 

Table 1. Total concentrations of  phenolic compounds (µg·g−1 of  dry weight) in the leaves (L) and their concentrations on 
the leaf  surface of  B. grandis subsp. grandis after extraction of  exudate compounds with acetone (A) or ethanol (E) 

Compound TR (min) λ max, nm L  A  E
A A/L, % E E/L, %

Sum of  organic acids 1.5 250 1883.9 ± 42.2 4.2 ± 0.6 0.22 ± 0.03 123.1 ± 13.8 6.53 ± 0.59
Gallic acid 1.7 270 2252.6 ± 80.6 1.9 ± 0.5 0.08 ± 0.02 26.7 ± 5.1 1.19 ± 0.27
Orientin 8.8 254, 268, 350 3520.7 ± 242.0 5.2 ± 0.5 0.15 ± 0.02 133.7 ± 1.7 3.80 ± 0.27
Flavonol glycoside 13* 11.3 250, 350 928.8 ± 5.9 1.1 ± 0.3 0.12 ± 0.03 56.5 ± 3.6 6.08 ± 0.36
Flavonol glycoside 14* 14.7 250, 350 1654.1 ± 30.9 0.7 ± 0.2 0.04 ± 0.02 25.8 ± 3.0 1.56 ± 0.17
Isovitexin 16.2 274, 329 376.3 ± 15.7 0.3 ± 0.2 0.08 ± 0.04 9.2 ± 0.9 2.44 ± 0.33
Hyperoside 18.3 255, 355 293.7 ± 19.6 0.1 ± 0.0 0.03 ± 0.01 1.8 ± 0.5 0.61 ± 0.17
Isoquercitrin 19.0 255, 355 2146.7 ± 23.3 0.6 ± 0.3 0.03 ± 0.01 21.8 ± 2.5 1.02 ± 0.12
Astragalin 32.2 265, 346 182.0 ± 7.7 0.6 ± 0.2 0.33 ± 0.13 3.1 ± 0.5 1.73 ± 0.32
Kaempferol 3-O- rutinoside 33.4 265, 348 264.9 ± 13.8 0.21 ± 0.1 0.08 ± 0.04 Nd 0.00
Quercetin 40.2 260, 370 105.6 ± 3.1 0.1 ± 0.0 0.09 ± 0.05 Nd 0.00
Luteolin 44.1 255, 267, 350 54.6 ± 2.7 Nd 0.00 Nd 0.00
Sum of  the compounds 13663.9 ± 487.5 15.0 ± 1.1 0.11 ± 0.01 401.8 ± 9.1 2.94 ± 0.11 
Total flavonoids 7013.4 ± 265.6 8.8 ± 0.81 0.13 ± 0.02 258.3 ± 8.1 3.68 ± 0.03
Total phenolic compounds 20861.9 ± 423.1 21.0 ± 1.1 0.10 ± 0.01 540.6 ± 5.7 2.59 ± 0.06

* Concentration as citric acid equivalents; ** Concentration as hyperoside equivalents; Nd: not detectable.

Table 2. The concentrations of  organic acids (mg·g−1 of  
dry weight) in the leaves of  B. grandis subsp. grandis 

Compound TR (min) λ max, nm Concentration
Oxalic acid 1.44 (II*) 220 0.7 ± 0.1
Ascorbic acid 1.56 (II) 250 0.2 ± 0.0
Citric acid 1.95 (II) 220 1.0 ± 0.2
Sum of  organic acids 1.50 (I) 220 1.9 ± 0.0
* gradient number.

Table 3. Concentrations of  phenolic compounds 
(µg·ml−1) in the aqueous ethanol extract of  the leaves 
(L) and in the leaf  exudates of  B. grandis subsp. grandis 
extracted with acetone (A) or ethanol (E) 

Compound L  A  E
Sum of  organic acids* 4.1 ± 0.3 5.5 ± 0.4 22.3 ± 2.3
Gallic acid 5.2 ± 0.4 2.6 ± 0.2 4.2 ± 0.4
Orientin 7.4 ± 0.6 7.3 ± 0.5 20.0 ± 1.7
Flavonol glycoside 13** 1.9 ± 0.2 1.4 ± 0.1 8.2 ± 0.6
Flavonol glycoside 14** 3.0 ± 0.2 0.8 ± 0.1 2.5 ± 0.2
Isovitexin 0.8 ± 0.1 0.3 ± 0.0 1.5 ± 0.2
Hyperoside 0.5 ± 0.0 0.1 ± 0.0 0.3 ± 0.0
Isoquercitrin 5.2 ± 0.4 0.8 ± 0.1 3.2 ± 0.2
Astragalin 0.5 ± 0.0 0.8 ± 0.1 0.7 ± 0.1
Kaempferol 3-O-rutinoside 0.7 ± 0.0 0.3 ± 0.0 Nd
Quercetin 0.2 ± 0.0 0.05 ± 0.00 Nd
Luteolin 0.1 ± 0.0 Nd Nd
Sum of  the compounds  29.6± 2.2 19.9 ± 1.4 62.9 ± 5.5
Total flavonoids 23.9 ± 1.7 14.5 ± 1.0 40.9 ± 4.1
Total phenolic compounds45.7 ± 3.3 28.1 ± 2.1 144.8 ± 10.5
* Concentration as citric acid equivalents, **concentration 
as hyperoside equivalents; Nd: not detectable.



56 Botanica Pacifica. A journal of plant science and conservation. 2019. 8(2): 51–61

Karpova et al.

The spectra of  antimicrobial activities in the extract and 
exudates of  B. grandis subsp. grandis leaves were found to 
be different. Low levels of  total phenolic compounds and 
fla vo noids apparently were the reason for the absence of  
an ti microbial activities in the acetone exudate toward any 
re ference strains. Nevertheless, the differences in the anti-
microbial spectra did not exactly correspond to the dif fe-
ren ces in the total concentrations of  phenolic compounds 
and flavonoids. Even though exudate E contained greater 
amounts of  phenolic compounds and flavonoids than did 
the aqueous ethanol extract, a greater number (3 strains) of  
the reference strains were sensitive to the aqueous ethanol 
ext ract (Table 4) than to exudate E (2 strains). 

None of  the extracts of  B. grandis subsp. grandis leaves 
showed activity against the reference strains of  gram-ne ga-

tive bacteria. Thus, antimicrobial effects of  the extract and 
exudate E against reference strains of  S. aureus and C. albi cans, 
and the action of  the extract against B. subtilis were com-
parable with the activities of  standard antimicrobial drugs. 
The amounts of  the extract or of  exudate E in the disk were 
50.0 and 45.8 μg of  dry weight, respectively (cor res pon ding 
to total phenolic concentrations of  0.5 and 1.4 μg).

D I S C U S S I O N
Results of  HPLC uncovered a high concentration of  

to tal phenolics in the leaves of  B. grandis subsp. grandis (up 
to 20.9 mg·g-1 of  dry weight). They mainly consisted of  
or ganic acids, gallic acid, and orientin. Cglycosylflavones 
currently are being detected in an increasing number of  
Bego nia species (Joshi et al. 2015), and these compounds 

Figure 3 Histochemical visualization of  phenolic compounds, flavonoids, and terpenoids in the leaves of  B. grandis subsp. grandis. a, b: 
trichomes uncolored: a – capitate glandular trichome on the adaxial leaf  surface with secretions, b – nonglandular trichome; c, f, i, and l: glan-
du lar trichome; d, g, h, and j: nonglandular trichomes; c – e: blue color of  the phenolic compounds stained with Toluidine Blue; d: irregular 
staining of  nonglandular trichomes; e: staining of  the cell walls within the abaxial epidermis; f−h: terpenoids stained with Nadi; f, g: dark 
purple staining of  the trichomes; h: violet staining of  the epidermal cells; i−k: carbonyl compounds stained with 2,4dinitrophenylhydrazine; 
i, j: reddish–brown staining of  trichomes; k: red staining of  the cell walls within the adaxial epidermis; l, m: green fluorescence of  flavonoids 
with the Wilson reagent (470 nm); m: fluorescence of  the nonglandular trichome and a vascular bundle; the arrows indicate the places of  
concentration of  the dye in the tissues; vb: vascular bundle
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appear to be chemotaxonomic markers of  this genus. Phe-
no lic compounds of  the leaf  surface were found to be en-
riched with orientin and organic acids.

Even though the presence of  crystals and druses of  cal-
cium oxalate is considered a taxonomic characteristic of  the 
genus Begonia, and the genus belongs to the group of  oxalic-
acid-accumulating plants (Villa-Ruano et al. 2017), there are 
no descriptions, images, or a good understanding of  the 
lo ca tion of  salt druses or crystals in the cells and tissues. 
There are rare reports on the presence of  cystolites in the 
epi dermal cells of  representatives of  this genus (Pireyre 
1961). Our scanning electron microscopy data revealed that 
the localization of  salt deposits is on the leaf  surface and 
on the surface of  nonglandular trichomes. This finding is 
well consistent with the substantial amount of  total organic 
acids, including oxalic acid. The profile of  organic acids and 
the dynamics of  their concentrations in the leaves and on 
the leaf  surface will be a subject of  our future study. 

Histochemical staining indicated the presence of  phe no-
lic and carbonyl compounds, flavonoids, and terpenoids in 
both trichome types. Intensive fluorescence of  nonglandular 
trichomes and vascular bundles with the Wilson reagent 
sug gests that nonglandular trichomes are involved in the 
fla vonoid transport inside the leaf  to trichome cells, which 
is most likely carried out through the vascular bundles. The 
exis tence in plants of  a longrange transport of  flavonoids 
mediated by vascular bundles was inferred from the finding 
that physiological effects of  flavonoids are manifested far 
from their synthesis site (Petrussa et al. 2013).

Our results showed that the majority of  surface organic 
compounds of  this plant are hydrophilic (phenolic acids 
and flavonol glycosides), and we can suppose that they 
likely derive from vacuoles of  leaf  tissues. These data are 
consistent with the report by Tattini et al. (2007) who detected 
two coumaroyl derivatives of  kaempferol 3-O-gluco side 
(astragalin) in nonsecretory stellate and dend ri tic trichomes 
of  Cistus salvifolius leaves. These acyl kaemp fe rol glycosides 
were associated with the cell wall of  tri chome arms, which is 
an optimal location for an effective UV screen.

Nevertheless, information about the mechanisms of  fla
vo noid transport across endomembranes and about sub se-
quent accumulation in different compartments is still li mi-
ted. Histochemical staining of  vascular bundles in the leaves 

of  B. grandis subsp. grandis confirmed the presence of  fla
vo noid transport through the vascular system of  this plant.

Phenolic compounds in the glandular trichomes most 
pro bably have another origin. Glandular trichomes have in 
com mon the capacity to produce, store, and secrete large 
amounts of  different classes of  secondary metabolites 
(Glas et al. 2012). They predominantly produce nonvolatile 
or poorly volatile compounds that are directly exuded onto 
the surface of  the trichome (Tissier 2012). Constituents of  
glan dular trichomes are mostly lipophilic (terpenes, lipids, 
waxes, and flavonoid aglycones); they are known to be syn
the sized inside the trichome and are transferred outside 
through the membrane systems of  the cells (Valkama et al. 
2003, Oteiza et al. 2005). In addition to free flavonoid agly
cones (luteolin, quercetin, and kaempferol), lipophilic phe-
nolic compounds include some phenolic acids. Certain low-
mo lecular-weight components, including some phenolic 
acids and their derivatives, have relatively high lipophilicity 
and may be capable of  incorporation into the lipid layer 
(Cha las et al. 2001, Cilius et al. 2013). Terpenoids and phe-
no lics secreted by glandular trichomes may provide che mi-
cal or physicochemical protection from herbivores and pa-
tho gens by entrapping or poisoning them (Wagner 1991).

Two independent ways of  secretion of  lipophilic and 
hyd ro philic compounds are observed in many plants. For 
example, in the genus Nicotiana, accumulation of  lipophilic 
con stituents occurs in oblong trichomes, and accumulation 
of  hydrophilic ones (including alkaloids) proceeds in short 
tri chomes; these do not have intracellular structures for the 
syn thesis. Thus, there is an assumption about the transport 
of  these constituents from inside the leaf  to trichomes on its 
sur face (Meyberg et al. 1991). Wollenweber (2005b) made a 
con clusion about the secretion of  aglycones and gly co sides 
of  flavonoids via different morphological types of  trichomes. 

Chemical traits of  nonglandular trichomes are poorly 
stu died at present. The majority of  reports address only 
the glandular trichomes’ morphology and histochemistry. 
Co ver hairs of  some taxa do not participate in secretion 
(Mu rav nik 2008), but others secrete essential oils and other 
lipo philic compounds (Pinheiro et al. 2018).

Thus, on the basis of  our results and current literature 
data, we can assume that the quantitative ratio of  flavonoid 
gly co sides to aglycones generally corresponds to the ratio 

Table 4. Sensitivity (diameter of  inhibition zone, mm) of  the reference strains of  microorganisms to the aqueous ethanol 
extract and exudates of  B. grandis subsp. grandis leaves

Organism Aqueous ethanol extract Exudate A Exudate E Standard druga

Grampositive bacteria
Bacillus subtilis 25.1 ± 1.5 0.0 ± 0.0 0.0 ± 0.0 25.2 ± 0.7
Staphylococcus aureus 24.8 ± 0.9 0.0 ± 0.0 25.6 ± 1.7 23.1 ± 1.5
Gramnegative bacteria
Escherichia coli 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 29.7 ± 1.3
Pseudomonas aeruginosa 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 25.9 ± 1.3
Alcaligenes faecalis 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 21.4 ± 1.3
Disk content (µg) 50.0 35.2 45.8 5.0
Fungi
Candida albicans 13.3 ± 0.6 0.0 ± 0.0 16.2 ± 0.5 15.9 ± 1.4
Disk content (µg of  dry matter) 50.0 35.2 45.8 10.0
Disk content (µg of  phenolic compounds) 0.5 ± 0.0 0.3 ± 0.0 1.4 ± 0.1 10.0
a Ciprofloxacin (5 µg) against bacteria, itraconazole (10 µg) against C. albicans
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of  sur face areas of  nonglandular and glandular trichomes. 
Low diversity and the restricted distribution of  flavonoid 
agly cones in the leaves of  B. grandis subsp. grandis are in sharp 
contrast to the great variety and abundance in the re pre sen-
ta tives of  Asteraceae and Lamiaceae (Valant-Vetschera et 
al. 2003b, Wollenweber et al. 2005a). This abundance is in 
agree ment with the diversity of  glandular hairs in the plants 
of  these taxa. They usually bear both peltate and capitate 
glan du lar hairs, or several types of  capitate hairs, on the leaf  
sur face (Werker et al. 1985), and the size and density are 
grea ter in comparison with nonglandular hairs (Heinrich 
et al. 2002). Accordingly, as in our study, substantial 
amounts of  organic and phenolic acids were detected in the 
secretions of  glandular hairs (Muravnik et al. 2016). 

We believe that the predominance of  nonglandular mul-
ti cel lular trichomes saturated with flavonoid glycosides as 
well as the abundance of  flavonoid glycosides in the vein 
sys tem of  the B. grandis subsp. grandis leaf  are suggestive 
of  the high importance of  protection against excessive so-
lar ra dia tion in this shade-tolerant plant growing under the 
forest canopy (Tattini et al. 2000). Nonglandular cover hairs 
play a role in light dissipation. The photoprotection by aba-
xial phenolic compounds, including anthocyanins, is essen-
tial for plants in which the exposed abaxial leaf  surfaces are 
vulnerable to incident light during light-sensitive deve lop-
men tal stages (Hughes et al. 2014).

The results of  histochemical staining with Toluidine 
Blue point to the presence of  phenolic compounds also in 
the cell walls within the abaxial epidermis (Fig. 2e); these 
data match the reports on the presence and upregulation 
of  cell wall phenolic compounds in various plant organs 
in res ponse to pathogens (Nicholson & Hammerschmidt 
1992, Dai et al. 1996, McNally et al. 2003). Besides, there 
are reports on the contribution of  phenolic compounds 
(and flavonoids located in the wall of  epidermal cells) to 
UV pro tection (Jansen et al. 2001, Agati et al. 2007). 

The photoprotective function of  phenolic compounds 
and of  flavonoids from the abaxial leaf  surface is still deba
table. For abaxial anthocyanins, their protection from UV 
light is assumed to be effective at low light intensities, 
pro viding photoprotection only when intensities are high 
enough to penetrate the mesophyll (Hughes et al. 2008). 
High concentrations of  phenolic compounds in the cell 
walls within the abaxial epidermis and of  flavonoids in non
glan dular trichomes on the abaxial leaf  surface show their 
importance for photoprotection of  palisade layers, where 
the highest photosynthesis rates are found (Evans & Vogel-
mann 2003, Soares et al. 2008).

Terpenes inside the epidermal cells and carbonyl com-
pounds in the cell walls within the adaxial epidermis most 
likely are part of  chemical defense mechanisms inten-
ded to repel or evade biotic attacks (Chehab et al. 2008). 
Furthermore, these biochemical and anatomical cha rac te-
ris tics form the basis for the antimicrobial activities toward 
human pathogens (Dardick & Ronald 2006).

We assumed that the low levels of  phenolic compounds 
in the acetone exudate (and minute amounts of  flavonoid 
agly cones in the extract and both exudates of  B. grandis subsp. 
grandis leaves) probably are responsible for the absence of  

anti microbial effects in the acetone exudate and for the re la-
tively weak antimicrobial activities in the extract and etha nol 
exudates (against three among six reference strains, none 
of  gram-negative strains). The growth-inhibitory effect 
evidently is due to constituents having substantial anti mic-
ro bial properties, such as gallic acid (Teodoro et al. 2015, Li 
et al. 2017), quercetin glycosides (Özçelik et al. 2006, Veras 
et al. 2011), and Cglycosylflavones (McNally et al. 2003).

Our results mean that acetone when used for the extrac-
tion of  exudative constituents from the leaves of  taxa with 
ac tive secretion does not provide complete extraction of  
leaf  surface constituents from Begoniaceae representatives. 
Phe nolic constituents of  the leaf  surface of  B. grandis subsp. 
grandis are extracted better with ethanol, as are leaf  sur face 
compounds of  Betula (Valkama et al. 2003) and Phillyrea 
(Tattini et al. 2000). The best solvent type and extrac tion 
conditions most likely depend on the structure of  exu-
date compounds and taxonomic affiliation of  the plant. 
Previously, we reported that flavonoids from the leaves of  
another species of  Begonia, B. malabarica, are extracted better 
with acetone than with ethanol (Karpova et al. 2018).

These results together with the current data indicate 
that anatomical and histochemical characteristics of  the leaf  
epi dermis and trichomes, as well as the pattern of  phe no lic 
compounds in the leaves and their exudates, are prog nostic 
factors and predictive signs of  antimicrobial ac ti vity. They 
constitute a set of  traits suited to the search for anti mic robial 
activity and will be a topic of  our research in the future.

This study confirms successful application of  intact 
plants and natural products from the leaves of  B. grandis 
subsp. grandis for human health and indoor air cleaning (Li 
et al. 2014, Hwang et al. 2015, Fershalova et al. 2018).

C O N C L U S I O N
We determined the localization of  phenolic compounds, 

in cluding flavonoids, as well as terpenoids and carbonyl com
pounds in two types of  trichomes on the leaf  surface of  
B. grandis subsp. grandis (capitate glandular trichomes and co-
nical multicellular nonglandular ones) by histochemical me-
thods. We detected these bioactive compounds in epi der mal 
cells too. The positive test results on flavonoids in the non
glan dular trichomes and in vascular bundles by means of  the 
Wilson reagent indicate their participation in the transport of  
flavonoids from an internal leaf  structure to the leaf  surface. 

The profiles of  phenolic compounds in the leaf  exudates 
and leaves as a whole were similar and contained compounds 
with pronounced antimicrobial properties: phenolic acids 
(gal lic and ferulic acids), Cglycosylflavones (orientin and 
iso vi texin), and flavonol Oglycosides (hyperoside, iso quer
citrin, astragalin, and kaempferol 3-O-rutinoside). On the 
other hand, their total fraction in the acetone exudates lacks 
an antimicrobial activity; this activity was revealed in the 
aqueous ethanol extract and the ethanol exudate (against re-
fe rence strains of  S. aureus, B. subtilis, and C. albicans). For the 
anti microbial effect, most likely, a certain concentration of  
phe nolic compounds (up to 46 µg·ml-1) and flavonoids (up 
to 24 µg·ml-1) is needed in the extract.

The presence of  these constituents in B. grandis subsp. 
grandis leaves points to the health benefits of  the natural 
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pro ducts from these leaves. Nevertheless, their preparation 
should be accompanied by the monitoring of  oxalic acid 
le vels. Examination of  the dynamics of  its quantities in the 
leaves is essential for the production of  natural products. 
Lo ca lization of  a considerable proportion of  organic acids 
on the leaf  surface enables their removal from the leaves 
with out complex processing. The type of  solvent is one of  
the main factors for effective extraction of  surface exudate 
constituents.

Rich phenolic content of  the leaves and leaf  exudates 
of  B. grandis subsp. grandis opens up new opportunities for 
novel technologies of  indoor air cleaning.

We propose this set of  histochemical and phenolic-com-
po si tion characteristics for further research into the antimic-
ro bial activities of  the representatives of  Begoniaceae. 
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