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Abstract 

Shoot-differentiating callus culture of Ruta graveolens ssp. divaricata (Tenore) Gams was maintained on four variants of 

Linsmaier-Skoog (L-S) medium containing different concentrations of plant growth regulators, 1-naphthaleneacetic acid and 6-

benzylaminopurine, ranging from 0.1 do 3.0 mg/l. Methanolic extracts of biomass cultured in vitro were used to determine the 

contents of free phenolic acids with an HPLC method. Out of eight compounds under analysis, six were shown to be present in the 

samples: caffeic acid, chlorogenic acid, p-coumaric acid, p-hydroxybenzoic acid, protocatechuic acid and syringic acid. Total contents 

of the compounds under study ranged from 124.9 to 138.7 mg/100g d.w., depending on the L-S medium variant. p-Coumaric acid 

was the main compound in the extracts from biomass cultured on all tested medium variants and its amounts were interesting from 

practical perspective (97.3-112.9 mg/100g d.w.). This compound was isolated, purified and its identity was confirmed by spectral 

methods. The contents of other compounds did not exceed 11.1 mg/100g d.w. 

Extracts of the above-ground parts of plants growing in vivo (stems, leaves, herb), analyzed for comparison, contained three 

phenolic acids: protocatechuic acid (52.0-88.2 mg/100g d.w.), vanillic acid (2.6 – 17.8 mg/100g d.w.) and trace amounts of syringic 

acid.  

This is the first report on the effect of growth regulators on the accumulation of free phenolic acids in biomass of R.graveolens 

cultured in vitro. This is also the first report documenting the isolation of p-coumaric acid from biomass of this subspecies cultured 

in vitro and also from any plant in vitro culture. In addition, for the first time in the above-ground parts of the plants growing in 

vivo phenolic acids were analyzed. 
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Introduction 

Phenolic acids are a group of plant metabo-

lites very important from therapeutically point 

of view. Compounds belonging to this group 

possess valuable biological properties, e.g. 

anti-inflammatory, immunostimulating, 

cholagogic, hepatoprotective, hypolipemic, 

hypocholesterolemic, spasmolitic and antyag-

gregatory action [1-4]. In addition, more recent 

studies proved antioxidant, antiradical and 

anticancer activities of some compounds from 

this group, e.g. protocatechuic acid, caffeic acid 

and chlorogenic acid [5-8]. Several publica-

tions emphasized valuable therapeutic and 

also cosmetic properties of p-coumaric acid, 

e.g. its antioxidant and antigenotoxic effect, 

and its potentially useful as hypopigment-

ing agent [9-11]. 

There are different opinions about taxo-

nomic classification of Ruta graveolens ssp. 

divaricata (Tenore) Gams. According to Engler 

[12] this plant is a variety of Ruta graveolens L. 

Other authors, Hegi [13] and Hoppe [14] 

describe it as Ruta graveolens L. subspecies. The 

later view has been represented by research 

team from Würzburg University which started 
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with the professionaly investigation of 

chemical composition of this plant and its in 

vitro cultures [15, 16]. This view is also accept-

ed by our research team. 

Ruta graveolens (Fig.1) common rue or herb-

of-grace has a limited distribution range. It is 

native only to Italy, Adriatic Sea shores (the 

Nanos Mountains) and the Balkan Peninsula 

[14, 15, 17].  

 
Fig.1. Ruta graveolens [18] 

Chemical composition of this plant is not 

known in detail. Its above-ground parts 

contain volatile oil with terpene hydrocarbons 

being the main components (Kubeczka K.H. 

op. cit. Abou-Mandour [15]). Our research 

team investigated the composition of couma-

rin compounds in this subspecies and con-

firmed for the first time the presence of the 

dimmer coumarine-daphnoretin methyl ether, 

some linear furanocoumarins and dihydro-

furanocoumarin-rutamarin.  

Studies investigating R.graveolens ssp. divar-

icata in vitro cultures conducted so far are 

scarce. They examined growth of cells and 

tissues under different culture conditions and 

their ability to differentiation and regeneration 

[15, 16]. Our research team investigated 

capability of accumulation of coumarin 

compounds in different types of cultures and 

the dynamics of accumulation of these 

metabolites during growth cycles [19, 20]. In 

addition, we demonstrated a marked potential 

of cells to transform exogenous phenolic 

compounds (hydroquinone and p-

hydroxybenzoic acid) into arbutin and other 

glucosylation products. 

The above-ground parts of Ruta graveolens 

L. (common rue), apart from volatile oil, many 

coumarin compounds, alkaloids and flavo-

noids, contain in addition, phenolic acids [21]. 

In our studies, we confirmed the presence of 

the latter group of metabolites both in shoots 

cultured in vitro and plants growing in vivo 

[22]. 

Considering taxonomic relationship be-

tween R.graveolens ssp. divaricata and 

R. graveolens and chemotaxonomic guidelines, 

we included also the phenolic acids into our 

analysis on the investigating subspecies. Our 

preliminary experiments demonstrated 

capability of biosynthesis of phenolic acids by 

R.graveolens ssp. divaricata cells cultured in vitro 

[21]. 

Concentrations of growth regulators in 

culture media belong to the most important 

factors influencing the accumulation of 

secondary metabolites in plant in vitro cultures 
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[23]. Therefore, in the present study we 

examined the effect of concentrations of the 

selected plant growth regulators, 1-

naphthaleneacetic acid (NAA, auxin) and 6-

benzylaminopurine (BAP, cytokinin) in the 

Linsmaier-Skoog medium [24], in the concen-

tration range from 0.1 to 3.0 mg/l on the 

accumulation of free phenolic acids. We aimed 

to optimize culture conditions beneficial for 

the production of these compounds and to 

compare biosynthetic capabilities of cells 

growing in vitro with plants cultivated in vivo. 

The studies were also designed to propose in 

vitro cultures as a potential biotechnological 

source of some bioactive phenolic acids. This is 

the first report on the effect of growth regula-

tors on phenolic acids accumulation in 

R.graveolens ssp. divaricata shoot-differentiating 

callus culture. These are also the first data on 

analysis of phenolic acids in the above-ground 

parts of the plants growing in vivo.  

Materials and Methods 

Origin of in vitro culture 

The shoot–differentiating callus culture of 

Ruta graveolens ssp. divaricata (Tenore) Gams 

was established at the Institute for Biosciences, 

Würzburg University (Germany). Starting 

material for establishment of the culture 

originated from the plants harvested in natural 

sites in the Nanos Mountains and grown 

subsequently at the Botanical Garden of above 

mentioned institute. In vitro culture was 

derived from fragments of young leaves and 

stems. 

Experimental in vitro cultures 

Experimental stationary liquid shoot-

differentiating callus culture was maintained 

on four Linsmaier and Skoog – LS medium 

[24] variants differing in concentration of plant 

growth regulators, NAA and BAP [mg/l]: 0.1 

and 0.1; 1.0 and 1.0; 2.0 and 2.0; 3.0 and 1.0. 

The cultures (three series) were grown under 

constant artificial light (4 W/m2, LF-40 W lamp, 

daylight, Piła) at 25 ± 2 C during four weeks 

growth cycles. 

Plant material 

Plant material harvested in Botanical Gar-

den of Institute for Biosciences, Würzburg 

University (Germany) in 2009 analyzed for 

comparison, comprised: above-ground 

vegetative parts (stems, leaves and herb) of 

Ruta graveolens ssp. divaricata.  

RP-HPLC analysis 

Biomass from in vitro cultures collected 

after four week growth cycles (three series) 

and plant material were extracted twice with 

boiling methanol for 6 h. In the methanolic 

extracts, chromatographic quantification of 

eight phenolic acids was performed according 

to the RP-HPLC method developed by 

Ellnain-Wojtaszek and Zgórka [25] with our 

modifications. Separation was performed 

using Purospher 100 RP-18e analytical column 

(4 × 250mm) with the solvent system com-

posed of methanol and 0.5% acetic acid (1:3 

v/v). The flow rate was 1 ml/min. Detection 

was carried out using UV detector at λ=254 

nm. Quantification was made by comparison 

with standards: caffeic, chlorogenic, protocate-

chuic, syringic acids (Sigma), p-coumaric, 

ferulic, p-hydroxybenzoic, vanillic acids 

(Fluka). 
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Isolation and identification of p – coumaric 

acid 

The isolation and purification of the main 

metabolite was performed with chromato-

graphic method using prep. TLC plates 

(Merck, Art. 1.11844) and HP- TLC plates 

(Merck, Art. 1.05631), respectively. Spectral 

analysis was performed on 1H-NMR spectrum 

(300 MHz, DMSO, NMR spectrometer MSL-

300, Bruker) and EI-MS spectrum (70 eV, LKB-

2091 mass spectrometer, Sweden). 

Results 

Biomass increments 

Within four-week growth cycles on the 

tested Linsmaier-Skoog (L-S) medium [24] 

variants, dry biomass grew 5.2-6.3 times. The 

biomass increments on the three testing 

medium variants, these contain growth 

regulators at concentrations from 1.0 mg/l to 

3.0 mg/l were high and almost identical from 

6.2- to 6.3-fold. The lowest biomass increments 

were obtained on the medium containing 0.1 

mg/l NAA and 0.1 mg/l BAP. 

Accumulation of free phenolic acids in 

extracts of biomass from in vitro culture 

Five of eight assayed phenolic acids: caffeic 

acid, chlorogenic acid, p-coumaric acid, 

protocatechuic acid and syringic acid were 

determined in extracts from biomass of 

R.graveolens ssp. divaricata shoot-differentiating 

callus culture cultivated on all L-S medium 

variants. p-Hydroxybenzoic acid was present 

only in extracts from biomass growing on the 

L-S medium supplemented with 3mg/l NAA 

and 1mg/l BAP. None of extracts contained 

vanillic acid and ferulic acid. 

The contents of individual compounds 

were diverse and ranged from 1.2 to 112.9 

mg/100g d.w. (Fig. 2). 

 
Fig. 2 Contents (mg/100 g d. w.) of the studied phenolic acids in extracts from biomass of R. g. ssp. divaricata cultured in vitro 

on Linsmaier and Skoog medium variants with different concentration of plant growth regulators (mg/l of medium). Data are 

presented as the mean of three series ± SEM. p-Hydroxybenzoic acid was not included into the figure, because it was detected 

only in extracts from LS medium containing 3mg/l NAA, and 1 mg/I BAP (1.8 mg/100 g d.w.) 
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The contents changed from 1.16– to 4.0-fold 

in dependence of the concentrations of growth 

regulators in culture medium. The maximum 

contents of syringic acid amounting to 

4.8mg/100g d.w. were obtained on the L-S 

medium containing 0.1mg/l NAA and 0.1mg/l 

BAP. The maximum contents of caffeic acid 

and chlorogenic acid were almost identical 

and equaled 8.0 and 7.9mg/100g d.w., and 

were observed on the L-S medium variants 

enriched in different compositions of growth 

regulators, namely 2mg/l NAA and 2mg/l 

BAP, and 1mg/l NAA and 1mg/l BAP, 

respectively. The highest contents of proto-

catechuic acid reaching 11 mg/100 g d.w. 

were accumulated on two L-S medium 

variants (containing 0.1mg/l NAA and 

0.1mg/l BAP, and 3mg/l NAA and 1mg/l 

BAP). 

Among all analyzed phenolic acid, p-

coumaric acid was the quantitatively dominat-

ing compound. Its content in extracts from 

biomass cultured on all L-S medium variants 

was high, ranging from 97.3 to 112.9mg/100g 

d.w. The maximum content of this compound 

was assayed in extracts from biomass contain-

ing 1mg/l NAA and 1mg/l BAP. 

The total content of phenolic acids in bio-

mass extracts depended on L-S medium 

variant and amounted from 124.9 to 138.7 

mg/100g d.w. The highest contents were seen 

on three tested L-S medium variants supple-

mented with auxin and cytokinin at concentra-

tions from 0.1 to 2.0 mg/l. 

Accumulation of phenolic acids in extracts 

from the above-ground parts of plants grow-

ing in vivo. 

Extracts from the above-ground plants 

analyzed for comparison (stems, leaves, herb) 

contained less phenolic acids and their 

composition differed in comparison with 

extracts of biomass from in vitro cultures 

(Table 1). 

Table 1. Contents (mg/100 g d.w.) of phenolic acids in 

different vegetative parts of the plants harvested in 

Botanical Garden of Würzburg University and their 

maximal amounts obtained in biomass cultured in vitro 

Metabolites Herb Leaves Stems Biomass 
from in 
vitro 
culture 

a
 

Caffeic acid 
Chlorogenic 
acid 

_
b
 

_ 
_ 
_ 

_ 
_ 

8.0 
 

7.9  

p-Coumaric 
acid 

_ _ _  112.9  

Ferulic acid _ _ _ _ 

p-
Hy-
droxybenzo-
ic acid 

_ _ _  1.8  

Protocate-
chuic acid 

88.2 85.1 52.0 11.1  

Syringic acid  traces 
c
  traces   traces   4.8  

Vanillic acid 13.5 17.8 2.6 _ 

Total 
content 

101.8  102.8
 
 54.6

 
 186.5 

d
 

a - biomass cultured on various LS medium variants 
b – not detected 
c - contents lower than 0.001mg/100 g d.w. 
d - sum of maximal contents of the estimated metabolites 

Out of eight analyzed compounds, the 

analyzed extracts from organs of plants 

contained three metabolites: protocatechuic 

acid (52.0 – 88.2 mg/100g d.w.), vanillic acid 

(2.6 – 17.8mg/100g d.w.) and trace amounts of 

syringic acid. 

Extracts from organ of plants growing in 

vivo did not contain even trace quantities of p-

coumaric acid, which was the main compound 

in in vitro cultures.  
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Isolation and identification of p-coumaric 

acid 

The main metabolite was isolated from 

biomass cultured in vitro and purified using 

chromatographic methods (preparative TLC, 

HP-TLC). The identity of this compound was 

also confirmed by spectral analysis (1H-NMR, 

EI-MS spectra) and comparison with literature 

data [26]. 

Discussion 

The present study demonstrated the effect 

of concentrations of growth regulators in the 

Linsmaier and Skoog (L-S) medium [24] on 

phenolic acid accumulation in shoot-

differentiating callus culture of Ruta graveolens 

ssp. divaricata. 

The total contents of phenolic acids in bio-

mass extracts were diverse and ranged from 

124.9 to 138.7 mg/100g d.w. depending on L-S 

medium variant. The contents of individual 

compounds also differed from 1.16- to 4.0-fold.  

The influence of concentrations of growth 

regulators in culture media on the accumula-

tion of different groups of secondary metabo-

lites is a known phenomenon [23]. We 

documented such effect in our studies on the 

accumulation of coumarin compounds in 

Ammi majus and Pastinaca sativa cultures [27, 

28] and recently in research on lignan accumu-

lation in Schisandra chinensis culture [29]. We 

also evidenced the dependence of phenolic 

acid accumulation on the concentrations of 

growth regulators in Ruta graveolens [22], and 

recently in Schisandra chinesis [30] in vitro 

cultures.  

In the present studies, the maximum total 

contents of free phenolic acids and the main 

metabolite, p-coumaric acid were confirmed 

on the L-S medium supplemented with 1mg/l 

NAA and 1 mg/l BAP. The greatest 6.3-fold 

dry biomass increments were also obtained on 

this L-S medium variant. Hence, this medium 

variant can be proposed as a “universal 

medium”, i.e. both biomass growth-promoting 

and productive medium. The same experi-

ments with R. graveolens shoot culture identi-

fied other variants of L-S medium as the best 

productive media, namely those containing 

2mg/l NAA and 2mg/l BAP and 3mg/l 

NAA and 1mg/l BAP [23]. 

The obtained results revealed differences in 

composition and contents of phenolic acid 

between biomass from in vitro cultures and the 

above-ground organs of plants growing in 

vivo. Most importantly, p-coumaric acid was 

the main compound in biomass from in vitro 

cultures, whereas protocatechuic acid pre-

vailed in native plant. Changes in biosynthetic 

pathways have been often observed in in vitro 

cultures and our results also confirmed this 

phenomenon. Our earlier studies on 

R.graveolens ssp. divaricata shoot-diffrentiating 

callus culture demonstrated significant 

biosynthetic differences in comparison with 

plants growing in vivo. Namely, xanthotoxin 

and isopimpinellin dominated in the in vitro 

cultured biomass while xanthotoxin and 

imperatorin prevailed in above-ground parts 

of plant. Plant material did not contain even 

traces of isopimpinellin, one of the main 

metabolites accumulated in vitro [19]. 

The metabolic changes noted in shoot-

differentiating callus culture of R.graveolens ssp. 

divaricata are undoubtedly associated with a 

relatively low degree of differentiation of 

biomass from this in vitro culture. 
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On the other hand, our earlier studies indi-

cated much smaller differences in phenolic 

acid biosynthetic pathways between R. 

graveolens shoots cultured in vitro and plants 

harvested in vivo. The same compound, i.e. 

protocatechuic acid dominated both in in vitro-

cultured biomass and in plant material (Herba 

Rutae) [22]. 

In the present study, R.graveolens ssp. divari-

cata biomass was shown to contain large 

amounts of p-coumaric acid (97.3 – 112.9 

mg/100g d.w.). These amounts are interesting 

from practical perspective. It should be noted 

that this compound has important therapeutic 

values and cosmetic potential [9-11]. 

The most of articles in plant biotechnology 

dealing with the accumulation of phenolic 

acids have concentrated on rosmaric acid [21]. 

Reports focused on p-coumaric acid are rare. 

The presence of this compound was confirmed 

e.g. in Penstemon barbatus and Lavandula 

angustifolia cultures [31]. We confirmed the 

presence of this metabolite in Ruta graveolens 

shoot cultures [22] and recently in Schisandra 

chinensis in vitro cultures [30].  

Since the contents of p-coumaric acid in 

R.graveolens ssp. divaricata biomass were high, 

we were able to isolate and purify this com-

pound and to confirm its identity using 

spectral methods [26]. Our studies are the first 

to report the isolation of p-coumaric acid from 

plant in vitro cultures. The results of this 

research indicated that in vitro culture of 

R.graveolens ssp. divaricata could be a potential 

rich biotechnological source of p-coumaric acid 

and other bioactive phenolic acids. 

In addition, for the first time in the above-

ground parts of the plant growing in vivo 

phenolic acids were analyzed. 

Resumo 

Ŝoso-diferencigantaj kalusaj kulturoj de Ruta 

graveolens ssp. divaricata (Tenore) Gams estis 

kreskigantaj sur kvar variantoj de Linsmaier-Skoog (L-S) 

mediumo, kiuj enhavis diversajn koncentradojn de 

regulatoroj de planta kreskado, t.e. 1-naftalenaceta acido 

kaj 6-benzylaminopurino, inter 0,1 kaj 3,0 mg/l. 

Metanolaj ekstraktoj de la biomaso kulturitaj in vitro 

estis uzitaj por eltrovi la kvanton de liberaj fenolaj acidoj 

per HPLC-metodo. El ok analizitaj substancoj, ses estis 

trovitaj en la specimenoj: kafea acido, klorogena acido, 

p-kumara acido, p-hidroksibenzoa acido, protokatehhua 

acido kaj siringa acido. La kompleta enhavo de la 

esploritaj substancoj estis inter 124,9 kaj 138,7 mg/100g 

seka pezo, depende de la varianto de la L-S-mediumo. P-

kumara acido estis la ĉefa substanco en la ekstraktoj de 

biomaso kulturita sur ĉiuj variantoj de la mediumo kaj 

ĝia kvantoj estis interesaj el la praktika vidpunkto (97,3 -

112,9 mg/100g seka pezo). Tiu ĉi substanco estis 

apartigita, purigita kaj ĝia identeco estis konfirmita per 

spektraj metodoj. La enhavo de la aliaj substanco ne 

transpasis 11,1 mg/100g seka pezo.  

Ekstraktoj de la suprateraj partoj de plantoj kiuj 

kreskis in vivo (trunkoj, folioj, herbo), kompare 

analizitaj, enhavis tri fenolajn acidojn: protokatehhuan 

acidon (52,0-88,2 mg/100g seka pezo), vanilan acidon 

(2,6–17,8 mg/100g seka pezo) kaj minimumajn kvantojn 

de siringa acido. 

Tiu ĉi estas la unua raporto pri la efiko de 

kreskadregulatoroj al la akumulado de liberaj fenolaj 

acidoj en biomaso de R. graveolens kulturita in vitro. Tiu 

ĉi plue estas la unua raporto kiu dokumentas la 

apartigadon de p-kumara acido el biomaso de tiu 

subspeco kulturita in vitro kaj samtempe de iu planta in 

vitro kulturo. Plie unuafoje fenolaj acidoj estis analizitaj 

en la suprateraj partoj de plantoj kiuj kreskis in vivo. 
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