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ABSTRACT 

The aim of the study was to determine the effect of plant age and growth phase on the accumulation of 

phenolics in stem bark, leaves and underground organs of Eleuthero. Their content was assessed using vali-

dated HPLC-DAD method. In underground organs and stem bark 7 phenolics were determined, i.e. eleuthe-

rosides B and E as well as caffeic, ferulic, chlorogenic, rosmarinic and protocatechuic acids. The content of 

eleutherosides B was significantly higher in stem bark while eleutherosides E, in underground organs. Ac-

cumulation of these compounds was the highest in the 4-year-old plants (87.43 mg·100 g
–1

 DW of eleuthe-

rosides B and 85.22 mg·100 g
–1

 DW of eleutherosides E in underground organs; 302.21 mg·100 g
–1

 DW of 

eleutherosides B and 24.89 mg·100 g
–1

 DW eleutherosides E in stem bark). In these organs, among identi-

fied phenolic acids chlorogenic acid was the dominant. In the leaves 4 phenolic acids (caffeic, ferulic, 

chlorogenic and rosmarinic acids), as well as 2 flavonoids (rutoside and hyperoside), were identified. Fla-

vonoids and caffeic acid occurred in higher amounts at the beginning of leaf senescence, whereas the other 

phenolic acids – at the full vegetation. Their content was the highest in 2-year-old plants. 
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INTRODUCTION 

Eleuthero (Eleutherococcus senticosus (Rupr. et 

Maxim.) Maxim.; syn. Acanthopanax senticosus 

(Rupr. et Maxim.) Harms) is a woody shrub belong-

ing to Araliaceae family, native to Far Eastern Asia 

[Court 2000, Kim and Sun 2004]. Underground or-

gans of this plant i.e. rhizomes with roots, commonly 

named roots, have been used in traditional Chinese 

medicine for over 2000 years. In Western medicine 

first reports on its usage date back until 1960. Nowa-

days, its monographies can be found in several Phar-

macopoeias, e.g. European, Polish, British, Russian, 

American, Chinese as well as in WHO and EMA 

reports. Preparations made of Eleuthero roots are 

highly valued for their adaptogenic activity [Panos-

sian et al. 1999, Davydov and Krikorian 2000]. Ac-

cording to European Medicines Agency [2014] Eleu-

thero roots are herbal medicinal product traditionally 

used to improve general condition. They are consid-

ered to increase body resistance to a number of exter-

nal and internal stressors. Preparations from these 

raw materials are used as tonics for symptoms of 

asthenia such as fatigue, weakness, exhaustion or lose 

of concentration. They stimulate the immune system, 

improve mental activity and physical capacity. Eleu-

thero roots reveal radioprotective and anti-ulcer ef-

fects and are used during chemotherapy as an agent 
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stimulating body regeneration [Davydov and Krikori-

an 2000, Rogala et at. 2003, Kimura and Sumiyoshi 

2004, Kurkin et al. 2006]. In Japanese or Korean folk 

medicine also Eleuthero leaves and stem bark are 

mentioned as tonics marked for reducing liver dam-

age and stimulating alcohol detoxification [Davydov 

and Krikorian 2000]. 

The constituents identified in Eleuthero roots have 

been classified into various chemical groups, among 

which phenolic compounds are considered to be the 

most abundant and the most pharmacologically ac-

tive. The main effects of Eleuthero roots are related 

to the presence of two substances from this group i.e. 

eleutheroside B and E. Thus, the standardization of 

these raw material is based on their content. Accord-

ing to European Pharmacopoeia [2014], it should 

contain not less than 0.08% for the sum of eleuthero-

side B and E. Some investigations on pharmacology 

of these compounds have been carried out. It was 

confirmed that eleutheroside B (syn. syringin) reveals 

antioxidant, anti-inflammatory, anti-nociceptive as 

well as neuroprotective and hepatoprotective effects 

[Song et al. 2010, Gong et al. 2013]. Syringin was 

also found to possess anti-allergic effect whereas 

eletheroside E ((+)-syringaresinol-O-β-D-glucoside) 

shows stress protective activity [Huang et al. 2011]. 

Both substances reveal also hypoglycaemic activity 

[Niu et al. 2008, Ahn et al. 2013]. Among phenolics 

identified in Eleuthero roots some phenolic acids are 

also mentioned, namely: caffeic, chlorogenic, rosma-

rinic and protocatechuic [Davydov and Krikorian 

2000, EMA 2014]. They reveal various pharmacolog-

ical activities, i.e. antibacterial, antiviral, anti-

inflammatory, antiulcer, antiatherosclerotic and 

choleretic. Many authors agree that the most im-

portant is the ability to scavenging of free radicals 

[Gűlçin 2006, Falé et al. 2009, Sato et al. 2011, 

Muñoz-Muñoz et al. 2013, Kakkar and Bais 2014, 

Sevgi et al. 2014, Bakota et al. 2015, Sytar 2015, 

Yilmaz et al. 2015]. 

So far, the Eleuthero roots are collected almost 

exclusively from the wild, mainly in China and Rus-

sia. As a result, raw material origins from plants of 

various age, undergoing pressure related to different 

environmental factors affecting both the development 

of these plants and accumulation of biologically ac-

tive compounds. It seems that standardized raw mate-

rial with expected content of these constituents is 

possible to be obtained only from field cultivation.  

The aim of our study was to determine the accu-

mulation of phenolic compounds in Eleuthero above- 

and underground organs during second, third and 

fourth year of plant vegetation, i.e. in the period of 

the most intensive plant growth. 

MATERIAL AND METHODS 

Plant material. The investigation was carried out 

in two four-year cycles (2009–2013 and 2010–2014). 

The field experiment was established at the organic 

farm in the East Poland on sandy soil enriched by 

manure compost and highmoor peat of pH (KCl) 5.6. 

The plant material (stem-root cuttings) used to start 

the field experiment originated from maternal plants 

grown in the collection of medicinal and aromatic 

plants of Department of Vegetable and Medicinal 

Plants, Warsaw University of Life Sciences – 

SGGW. The maternal plants were obtained from the 

seeds of E. senticosus growing in the Polish national 

collection of the Araliaceae in Rogów Arboretum, 

described by Tumiłowicz and Banaszczak [2006]. 

Two hundreds of well-rooted cuttings with 3–5 

leaves and the height of 15–30cm, were obtained 

after 3 months of rooting. They were planted out in 

the field on the area of 100 m
2
 in May. Raw materials 

from 2-, 3- and 4-year-old plants were collected from 

five randomly chosen plants (one plant = replication). 

The underground organs and stem bark were harvest-

ed in June (at the stage of full vegetation) and in 

November (at the beginning of winter dormancy), 

whereas the leaves – in June (at the stage of full 

vegetation) and in September (at the beginning of 

leaf senescence) (figs 1 and 2). The raw materials 

were dried at 40°C and subjected to chemical evalua-

tion. Voucher specimens were deposited in the her-

barium of Department of Vegetable and Medicinal 

Plants SGGW-WULS. 

HPLC analysis of phenolic compounds. The 

analyses were performed using a Shimadzu (Kyoto, 

Japan) chromatograph equipped with auto sampler 



Bączek, K., Przybył, J.L., Kosakowska, O., Węglarz, Z. (2017). Accumulation of phenolics in Eleuthero (Eleutherococcus senticosus (Rupr. 
et Maxim.) Maxim.) as affected by plant development. Acta Sci. Pol. Hortorum Cultus, 16(4), 89–99. DOI: 10.24326/asphc.2017.4.10 
 
 

 

  

 

www.hortorumcultus.actapol.net 91 

SIL-20A, photodiode array detector SPD-M10A VP 

PDA and CLASS VP™ 7.3 chromatography soft-

ware. Separations were achieved using 250 × 4.60 

mm C18 (2) 5 μm Luna™ column (Phenomenex®, 

Torrance, USA). Binary gradient elution of deionized 

water (Cobrabid Aqua, Warsaw, Poland) adjusted to 

pH 3 with phosphoric acid and MeCN (Sigma-

Aldrich®, St. Louis, USA) was used as follows: 0.01 

min – 10% B; 10.00 min – 55% B; 15.00 min – 55% 

B; 15.50 min – 10% B, total time of analysis 30 min, 

flow rate 1.0 ml·min
–1

, temperature 30°C. 

 

 

  

Fig. 1. Eleuthero 3-year-old plant at the 

stage of full vegetation 

Fig. 2. Eleuthero 3-year-old plant at the 

beginning of winter dormancy 

 

Table 1. Validation parameters of the HPLC-DAD analysis (n = 6) 

Compound tR 

Precision 

intra-day 

(CV %) 

Precision 

inter-day 

(CV %) 

Regression  

equation 

Linearity  

(r
2
) 

Range  

(µg·ml
–1

) 

LOD 

(µg·ml
–1

) 

LOQ 

(µg·ml
–1

) 

Recovery 

(%) 

Eleutheroside B 4.3     1.29 1.78 y = 2 168.7x – 53 492 0.9999 4.97–496.50 0.052 0.172 97.5 

Eleutheroside E 7.8 0.88 1.22 y = 6 473.0x + 16 038 0.9999 1.85–184.72 0.016 0.054 99.3 

Rosmarinic acid 15.9 2.30 2.54 y = 8 876.1x + 342 158 0.9997 9.86–986.40 0.011 0.037 100.8 

Protocatechuic acid 4.8 2.23 2.68 y = 7 102.9x + 43 850 0.9997 3.82–382.00 0.014 0.047 98.4 

Chlorogenic acid 5.6 1.93 2.14 y = 2 718.2x – 49 105 0.9998 3.95–394.62 0.021 0.070 99.8 

Caffeic acid 9.3 1.66 1.87 y = 3 957.8x + 91 219 0.9998 9.98–998.40 0.027 0.090 100.1 

Ferulic acid 14.7 2.11 2.45 y = 5 164.7x – 39 592 0.9998 4.00–399.68 0.032 0.106 101.2 

Rutoside 10.8 1.58 1.98 y = 1 696.6x – 67 861 0.9998 3.66–365.60 0.057 0.191 99.7 

Hyperoside 11.2 1.84 1.87 y = 2 563.7x – 1 763 0.9998 3.84–384.00 0.040 0.133 98.5 
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Fig. 3. Chemical structures of the identified phenolics: (a) eleutheroside B;  

(b) eleutheroside E; (c) rosmarinic acid; (d) protocatechuic acid; (e) chloro-

genic acid; (f) caffeic acid; (g) ferulic acid; (h) rutoside; (i) hyperoside 

                    a 

 b    

  c  

      
Fig. 4. Chromatograms of Eleuthero underground organs extract (a); stem 

bark extract (b) and leaves extract (c): 1 – eleutheroside B; 2 – protocate-

chuic acid; 3 – chlorogenic acid; 4 – eleutheroside E; 5 – caffeic acid;  

6 – rutoside; 7 – hyperoside; 8 – ferulic acid; 9 – rosmarinic acid 
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Validation procedure. Commercially available 

standards (ChromaDex®, Irvine, USA) were sepa-

rately dissolved with methanol (Sigma-Aldrich®, St. 

Louis, USA) in 10 ml volumetric flask according to 

the ChromaDex’s Tech Tip 0003: Reference Stand-

ard Recovery and Dilution and used as standard stock 

solutions (https://www.chromadex.com/media/2126/ 

techtip0003-recoverydilutionprocedures_nl_pw.pdf). 

Working standard solutions were prepared by dilu-

tion 10, 50, 100, 200, 500 or 1000 µl stock solutions 

of each compound with methanol in 10 ml volumetric 

flasks. The working solutions were injected (10.0 μl) 

on a column in six replicates (n = 6) using SIL-20A 

(Shimadzu, Kyoto, Japan) to generate a six-point 

calibration curve. Analytical data was recorded at 

wavelength of 206 nm for eleutheroside E, 254 nm 

for protocatechuic acid, rutoside and hyperoside, 264 

nm for eleutheroside B and 330 nm for chlorogenic 

acid, caffeic acid, ferulic acid and rosmarinic acid. 

The peak table and UV-spectra library (190–450 nm) 

of individual compounds were created. Standard 

curve parameters were calculated with Microsoft 

Excel 14 (tab. 1). Signal-to-noise ratio approach were 

used to determined LOD (S/N of 3 : 1) and LOQ 

(S/N of 10 : 1). 

Sample preparations. Air-dry, finely powdered 

and homogenized raw materials (1.000 g) were ex-

tracted with 100 ml of methanol using Extraction 

System B-811 (Büchi Labortechnik AG, Flawil, 

Switzerland). Soxhlet hot extraction with twenty-five 

extraction cycles, flushing and drying was used. After 

evaporation of solvent, the residue was dissolved in 

10 ml of methanol. The obtained extracts were fil-

tered with Supelco (Sigma-Aldrich®, St. Louis, 

USA) Iso-Disc™ Syringe Tip Filter Unit, PTFE 

membrane, diameter 25 mm, pore size 0.45 μm. The 

real samples injection volume was 10 μl. The content 

of the determined compounds was calculated in mg 

per 100 g of dry matter. 

Statistical analysis. Data were analyzed using 

Statistica plus software (StatSoft, Tulsa, USA). The 

mean values were compared by using one way analy-

sis of variance (ANOVA) followed by Tukey’s mul-

tiple range test at α = 0.05 significance level and 

expressed as mean ± standard deviation (SD). The 

differences between individual means were deemed 

to be significant at P < 0.05. 

RESULTS AND DISCUSSION 

Three groups of phenolics i.e.: eleutherosides, 

phenolic acids and flavonoids in above- and under-

ground Eleuthero organs were determined (figs 3 

and 4). The content and composition of these com-

pounds have changed with the age of plants and 

during the growing season. Among eleutherosides, 

two substances were determined, i.e. eleutheroside 

B and E. Both of them were found in underground 

organs and stem bark, whereas in leaves they were 

not detected. However, eleutheroside B clearly 

dominated in stem bark, while eleutheroside E – in 

underground organs. The content of these com-

pounds increased from full vegetation (June) to the 

beginning of winter dormancy (November), irre-

spectively of plant age. With regards to the accu-

mulation of eleutherosides based on the age of 

plants, it was found that their content, in the condi-

tions of our experiment, increased gradually in 

following years, reaching the maximum in 4th year 

(tab. 2). Eleuthreo underground organs are stan- 

dardized in the content of above mentioned eleuthe-

rosides [European Pharmacopoeia 2014]. In the 

present work, the sum of eleutherosides B and E 

exceeded pharmacopeial requirements, especially in 

case of the raw material harvested at the beginning 

of winter dormancy, from 4-year-old plants (tab. 2).  

Numerous authors confirm the occurrence of eleu-

theroside B and E in Eleuthero underground organs 

and stem bark [Nishibe et al. 1990, Davydov and 

Krikorian 2000, Deyama et al. 2001, Bączek 2009, 

Bączek et al. 2011, Liu et al. 2012, Kim et al. 2013]. 

Our results show that Eleuthero stem bark is especial-

ly rich source of eleutheroside B. Its content was 

even three times higher in stem bark in comparison 

with underground organs (tab. 2). The possibility of 

using stem bark as a raw material was mentioned 

earlier by Kim et al. [2013]. 

In the present study, five phenolic acids were 

identified:   caffeic,  ferulic,  chlorogenic,  rosmarinic  
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Table 2. Accumulation of eleutherosides B and E in Eleuthero organs (mg·100 g
–1

) 

Raw material Compound    Month 

 Age of plants (years)  

Mean 
2nd 3rd 4th 

Underground 

organs 

Eleutheroside B 

June 22.17 ±2.44 32.27 ±4.84 71.28 ±9.27 41.91 

November 72.36 ±10.13 75.26 ±9.03 103.57 ±16.57 83.73* 

Mean 47.27b 53.77b 87.43a  

Eleutheroside E 

June 23.42 ±1.87 37.24 ±3.35 65.30 ±9.80 41.99 

November 68.45 ±7.53 69.66 ±9.06 105.14 ±12.62 81.08* 

Mean 45.94b 53.45b 85.22a  

Stem bark 

Eleutheroside B 

June 85.89 ±7.73 116.58 ±9.93 192.02 ±28.80 131.50 

November 367.07 ±44.05 360.54 ±43.26 412.40 ±57.74 380.00* 

Mean 226.48b 238.56b 302.21a  

Eleutheroside E 

June 3.15 ±0.44 5.22 ±0.47 13.15 ±1.97 7.17 

November 21.24 ±2.76 29.09 ±3.49 36.63 ±4.40 28.99* 

Mean 12.20c 17.16b 24.89 a   

Means marked in rows with different letters differ at P  < 0.05; *P  < 0.05 

Table 3. Accumulation of phenolic acids in Eleuthero underground organs (mg·100 g
–1

) 

Compound Month 

 Age of plants (years)   

2nd 3rd 4th Mean 

Caffeic acid 

June 5.48 ±0.82 8.82 ±1.15 8.54 ±1.20 7.61 

November 11.18 ±1.23 12.38 ±1.36 14.75 ±1.18 12.77* 

Mean 8.33ab 10.60a 11.65a  

Ferulic acid 

June 59.96 ±6.60 36.95 ±5.54 39.14 ±5.87 45.35 

November 63.88 ±8.30 58.11 ±7.55 62.16 ±7.46 61.38* 

Mean 61.92a 47.53b 50.65b  

Chlorogenic acid 

June 549.44 ±49.45 409.65 ±45.06 305.68 ±45.85 421.59 

November 811.37 ±97.36 792.99 ±103.09 823.18 ±98.78 809.18* 

Mean 680.41a 601.32b 564.43b  

Rosmarinic acid 

June 26.51 ±3.28 35.16 ±4.47 53.12 ±5.84 38.26 

November 65.27 ±5.48 71.25 ±5.57 89.14 ±11.59 75.22* 

Mean 45.89 c 53.21b 71.13a  

Protocatechuic acid 

June 26.67 ±3.47 19.46 ±2.53 20.22 ±1.72 22.12 

November 37.48 ±4.12 38.15 ±4.20 29.30 ±3.52 34.98* 

Mean 32.08a 28.81b 24.76c  

Means marked in rows with different letters differ at P < 0.05; *P < 0.05  
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and protocatechuic acid (tabs 3, 4 and 5). All of them 

were present in underground organs and stem bark, 

while in the leaves protocatechuic acid was absent. 

Chlorogenic acid was the dominant compound in all 

the examined organs, while rosmarinic and ferulic 

acids were present in considerable amounts only in 

the leaves. The content of most of identified phenolic 

acids in the underground organs and stem bark in-

creased from the period of full vegetation (June) to 

the beginning of winter dormancy (November) (tabs 

3 and 4). The exception was ferulic acid, accumulat-

ed in stem bark in significant amounts already during 

the period of full vegetation (tab. 4).  

Accumulation of particular phenolic acids in un-

derground organs and stem bark seems to be related 

to the age of plants, as well. The content of chloro-

genic acid in both organs clearly decreased in subse-

quent years of plant vegetation. In turn, the content of 

ferulic acid in stem bark and rosmarinic acid in un-

derground organs gradually increased (tabs 3 and 4).  

The obtained results indicate that in Eleuthero 

leaves (irrespectively of plant age), the accumula-

tion of identified phenolic acids was higher during 

full vegetation (June) than at the beginning of leaf 

senescence (September). The content of chlorogen-

ic acid in this organs decreased progressively in 

following years, what was accompanied by an in-

crease of ferulic acid content (tab. 5). These results 

correspond with the studies of other authors [Da-

vydov and Krikorian 2000, Deyama et al. 2001, 

Bączek 2009, Bączek et al. 2010, Liu et al. 2012, 

Kim et al. 2015]. 

  

Table 4. Accumulation of phenolic acids in Eleuthero stem bark (mg·100 g
–1

) 

Compound Month 

Age of plants (years) 

Mean 

2nd 3rd 4th 

Caffeic acid 

June 8.17 ±0.90 7.45 ±0.97 7.19 ±1.01 7.60 

November 45.66 ±7.76 42.73 ±5.55 49.40 ±6.42 45.93* 

Mean 26.92b 25.09b 28.30a  

Ferulic acid 

June 54.59 ±8.73 60.25 ±8.44 66.19 ±8.60 60.34* 

November 2.40 ±0.29 2.55 ±0.20 2.89 ±0.46 2.61 

Mean 28.50c 31.40b 34.54a  

Chlorogenic acid 

June 451.39 ±67.71 395.58 ±59.34 334.32 ±28.47 393.76 

November 870.49 ±113.16 851.76 ±102.21 742.98 ±89.16 821.74* 

Mean 660.94a 623.67b 538.65c  

Rosmarinic acid 

June 3.15 ±0.28 5.22 ±0.44 7.15 ±0.64 5.17 

November 29.09 ±3.78 21.24 ±2.55 20.73 ±2.69 23.69* 

Mean 16.12a 13.23b 13.94b  

Protocatechuic acid 

June 29.33 ±4.11 29.28 ±3.81 38.34 ±4.22 32.32 

November 58.29 ±4.66 39.36 ±6.30 39.84 ±5.58 45.83* 

Mean 43.81a 34.32b 39.09a  

Means marked in rows with different letters differ at P < 0.05; *P < 0.05 
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Phenolic acids occur in plants commonly in free 

or bonded forms. In the present work the identified 

acids represent free compounds (caffeic, ferulic and 

protocatechuic acids) and depsides (chlorogenic and 

rosmarinic acids). Protocatechuic acid originates 

from benzoic acid, while others belong to cinnamic 

acids derivatives related to caffeic acid [Kohlmünzer 

2012]. In general, physiological role of phenolic acids 

is combined with the response of plants to stress e.g. 

pathogen attack. They reveal also allelopathic activity 

[Wu et al. 1998, Inderjit et al. 2002, Zhang et al. 

2010]. As components of lignins they incrust cell walls 

making them stronger and more resistant [Glazener 

1982, Lee et al. 1995, Weng and Chapple 2010]. Phe-

nolic acids are precursors of other phenolics such as 

flavonoids or tannins [Kohlmünzer 2012].  

In our study, within flavonoids, two substances 

were identified, namely: rutoside and hyperoside. 

Both of them were found only in the leaves, with the 

clear domination of rutoside (tab. 5). It was shown 

that their content increased from the full vegetation 

(June) to the beginning of leaf senescence (Septem-

ber), irrespectively of plant age. The content of both 

compounds was the highest in 2-year-old plants and 

decreased gradually to reach the minimum in 4th year 

(tab. 5). Chen et al. [2002] confirm the presence of 

these flavonoids, in Eleuthero leaves providing also 

the occurrence of quercetin and quercitrin. According 

to Kolesnikov and Gins [2001] this raw material 

contain six flavonoids, including derivatives of quer-

cetin, isorhamnetin and kaempferol. Flavonoids, as 

natural antioxidants, play a significant role in plant 

Table 5. Accumulation of phenolic compounds in Eleuthero leaves (mg·100 g
–1

) 

 

Compound Month 

Age of plants (years) 

Mean 

 2nd 3rd 4th 

Phenolic 

acids 

Caffeic acid 

June 3.92 ±0.59 2.70 ±0.40 3.10 ±0.26 3.24 

September 8.40 ±1.09 3.26 ±0.39 4.02 ±0.48 5.23* 

Mean 6.16a 2.98c 3.56b  

Ferulic acid 

June 112.48 ±12.37 113.89 ±14.81 183.68 ±25.72 136.68* 

September 35.72 ±6.07 57.78 ±7.51 112.74 ±14.66 68.75 

Mean 74.10c 85.84b 148.21a  

Chlorogenic 

acid 

June 812.05 ±113.69 706.61 ±91.86 684.08 ±75.25 734.25* 

September 635.75 ±50.86 216.84 ±34.69 194.04 ±27.17 348.88 

Mean 723.90a  461.73b 439.06c  

Rosmarinic 

acid 

June 135.33 ±12.18 172.76 ±14.71 163.95 ±14.76 157.35 

September 78.98 ±10.27 88.68 ±10.64 89.00 ±11.57 85.55* 

Mean 107.16b 130.72a 126.48ab  

Flavonoids 

Rutoside 

June 286.13 ±45.78 245.98 ±34.44 79.62 ± 10.35 203.91 

September 405.07 ±48.61 298.82 ±23.91 154.80 ±24.77 286.23* 

Mean 345.60a 272.40b 117.21c  

Hyperoside 

June 3.34 ±0.53 2.56 ±0.36 2.98 ±0.39 2.96 

September 45.92 ±5.51 31.19 ±2.50 27.70 ±4.43 34.94* 

Mean 24.63a 16.88b 15.34c  

Means marked in rows with different letters differ at P < 0.05; *P < 0.05 
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cells. The biosynthesis of this compounds takes place 

in endoplasmic reticulum, from where they are trans-

ported to different cellular compartments directly into 

the center or proximity of reactive oxygen species 

generation [Agati et al. 2012]. Considerable amounts 

of these substances in Eleuthero leaves, especially 

rutoside, as well as high content of phenolic acids, 

namely ferulic, chlorogenic, and rosmarinic, make 

this raw material an interesting from the pharmaco-

logical point of view [Marrassini 2011]. 

Taking into account the physiological role of phe-

nolic compounds in plants, it can be suspected that 

presence of these substances may be related with 

plants reaction to stress. All the investigated Eleutero 

organs collected from younger plants (2-year-old) 

were characterized with high content of chlorogenic 

acid. Such phenomena may be explained with the 

need to protect younger, intensively growing plants 

against the stressors of different origin. For the same 

reason it may be assumed that rutoside was accumu-

lated in the leaves in the highest amount by the 

youngest plants. According to Erlejman et al. [2004] 

this compound may protect plant cells from damage 

by interaction with the polar head of phospholipids in 

cell membrane which leads to the enhancement of its 

rigidity.  

In turn, seasonal changes in phenolics content can 

be associated with the circulation of these substance 

in plants during vegetative period. Both short and 

long distance transport of plants secondary metabo-

lites is a newly developing research area. Secondary 

metabolites, including phenolics, are often transport-

ed from source cells to the neighbouring cells and 

futher to other tissues, to be stored in preferential 

organs [Yazaki 2005, 2006, Yazaki et al. 2008]. In 

the present study, it can be suspected that at the be-

ginning of winter dormancy underground organs 

have become acceptors of eleutherosides and phenol-

ic acids which could explain a high content of these 

compounds in the mentioned organs. 

Seasonal variation in accumulation of phenolics 

was observed in other adaptogenic plants as well. In 

the study on roseroot (Rhodiola rosea L.) the content 

of rosarin and rosavin, the dominant phenolics in 

underground organs, was the highest in the 1st year 

of plant vegetation, then decreased gradually until 4th 

year [Węglarz et al. 2008]. In turn the results ob-

tained by Skiba and Węglarz [1999] show that the 

total content of flavonoids in the underground organs 

of maral root (Rhaponthicum carthamoides (Willd.) 

Iljin.) increased from 1st to 3rd year of plant vegeta-

tion, while the content of phenolic acids – decreased.  

Results obtained in the present study indicate on 

directional changes of phenolic compounds accumu-

lation in Eleuthero organs. Based on such changes, 

the pharmacological activity of these organs could be 

predicted. 

CONCLUSIONS 

1. The accumulation of biologically active com-

pounds in Eleutheo organs was strictly combined 

with the age of plants and their growth stage during 

vegetation period. 

2. The highest content of eleutherosides B and E 

in Eleuthero roots was detected at the beginning of 

winter dormancy in the 4th year of plant vegetation. 

3. Due to extremely high content of eleutheroside 

B in Eleuthero stem bark, it may be considered as an 

alternative raw material to the roots. 

4. Due to high content of phenolic compounds, 

especially chlorogenic, rosmarinic and ferulic acids, 

Eleuthero leaves appear to be an interesting antioxi-

dant raw material. 

ACKNOWLEDGMENTS 

The study was supported by Polish Ministry of 

Agriculture and Rural Development. 

REFERENCES 

Agati, G., Azzarello, E., Pollastri, S., Tattini, M. (2012). 

Flavonoids as antioxidants in plants: location and func-

tional significance. Plant Sci., 196, 67–76. 

Ahn, J., Um, M.Y., Lee, H., Jung, C.H., Heo, S.H., Ha, 

T.Y. (2013). Eleutheroside E, an active component of 

Eleutherococcus senticosus, ameliorates insulin re-

sistance in Type 2 diabetic db/db Mice. Evid. Based 

Complement. Alternat. Med., ID: 934183. 



Bączek, K., Przybył, J.L., Kosakowska, O., Węglarz, Z. (2017). Accumulation of phenolics in Eleuthero (Eleutherococcus senticosus (Rupr. 
et Maxim.) Maxim.) as affected by plant development. Acta Sci. Pol. Hortorum Cultus, 16(4), 89–99. DOI: 10.24326/asphc.2017.4.10  
 

  

  

 

www.hortorumcultus.actapol.net 98 

Bakota, E.L., Winkler-Moser, J.K., Berhow, M.A., Eller, 

F.J., Vaughn, S.F. (2015). Antioxidant activity and sen-

sory evaluation of a rosmarinic acid-enriched extract of 

Salvia officinalis. J. Food Sci., 80, C711–C717. 

Bączek, K. (2009). Accumulation of biologically active 

compounds in Eleuthero (Eleutherococcus senticosus 

/Rupr. et Maxim./ Maxim.) grown in Poland. Herba 

Pol., 55, 7–12. 

Bączek, K., Banaszczak, P., Przybył, J.L., Węglarz, Z., 

Pelc, M. (2010). Charakterystyka chemiczna organów 

nadziemnych i podziemnych 8 gatunków z rodzaju 

Eleutheroccocus. Zesz. Probl. Post. Nauk. Rol., 555, 

163–168. 

Bączek, K., Węglarz, Z., Przybył, J.L. (2011). Accumula-

tion of biologically active compounds in the rhizomes 

and roots of Eleuthero (Eleutherococcus senti-

cosus/Maxim. et Rupr./ Maxim.). Adv. Environ. Biol., 

5, 325–328. 

Chen, M., Song, F., Guo, M., Liu, Z., Liu, S. (2002). Anal-

ysis of flavonoid constituents from leaves of Acan-

thopanax senticosus harms by electrospray tandem 

mass spectrometry. Rapid Commun. Mass Spectrom., 

16(4), 264–271. 

Court, W.E. (2000). Ginseng: The Genus Panax. Harwood 

Academic Publishers, Amsterdam. 

Davydov, M., Krikorian, A.D. (2000). Eleutherococcus 

senticosus (Rupr. & Maxim.) Maxim. (Araliaceae) as 

an adaptogen: a closer look. J. Ethnopharmacol., 72, 

345–393. 

Deyama, T., Nishibe, S., Nakazawa, Y. (2001). Constitu-

ents and pharmacological effects of Eucommia and Si-

berian ginseng. Acta Pharmacol. Sin., 22, 1057–1070. 

EMA (European Medicines Agency) (2014). Assessment 

report on Eleutherococcus senticosus (Rupr.et Maxim.) 

Maxim., radix EMA/HMPC/680615/2013. 

Erlejman, A.G., Verstraeten, S.V., Fraga, C.G., Oteiza, P.I. 

(2004). The interaction of flavonoids with membranes: 

potential determinant of flavonoid antioxidant effects. 

Free Radic. Res., 38(12), 1311–1320. 

European Pharmacopoeia, 8th ed. (2014). Eleuthero roots – 

Eleutherococcus radix. European Directorate for the 

Quality of Medicines and Health Care (EDQM). Coun-

cil of Europe, Strasbourg, France. 

Falé, P.L., Borges, C., Madeira, P.J.A., Ascensão, L., 

Araújo, M.E.M, Florêncio, M.H, Serralheiro, M.L.M. 

(2009). Rosmarinic acid, scutellarein 40-methyl ether 

7-O-glucuronide and (16S)-coleon E are the main com-

pounds responsible for the antiacetylcholinesterase and 

antioxidant activity in herbal tea of Plectranthus barba-

tus („falso boldo”). Food Chem., 114, 798–805. 

Glazener, J.A. (1982). Accumulation of phenolic com-

pounds in cells and formation of lignin-like polymers 

in cell walls of young tomato fruits after inoculation 

with Botrytis cinerea. Physiol. Plant Pathol., 20, 11–25. 

Gong, X., Zhang, L., Jiang, R., Wang, C.D., Yin, X.R., 

Wan, J.Y. (2013). Hepatoprotective effects of syringin 

on fulminant hepatic failure induced by D-

galactosamine and lipopolysaccharide in mice. J. Appl. 

Toxicol., 34, 265–271. 

Gűlçin, I. (2006). Antioxidant activity of caffeic acid (3,4-

dihydroxycinnamic acid). Toxicol., 217, 213–220. 

Huang, L.Z., Wei, L., Zhao, H.F., Huang, B.K., Rahman, 

K., Qin, L.P. (2011). The effect of Eleutheroside E on 

behavioral alterations in murine sleep deprivation stress 

model. Eur. J. Pharmacol., 658, 150–155. 

Inderjit, S., Streibig, J.C., Olofsdotter, M. (2002). Joint 

action of phenolic acid mixtures and its significance in 

allelopathy research. Physiol. Plant., 114, 422–428. 

Kakkar, S., Bais, S.A. (2014). Review on protocatechuic 

acid and its pharmacological potential. ISRN Pharma-

col., ID: 952943. 

Kim, C.H., Sun, B.Y. (2004). Infrageneric classification of 

the genus Eleutherococcus Maxim. (Araliaceae) with 

a new section Cissiflolius. J. Plant Biol., 47, 282–288. 

Kim, Y.H., Bae, D.B., Lee, J.S., Park, S.O., Lee, S.J., Cho, 

O.H., Lee, O.H. (2013). Determination of eleuthero-

sides and β-glucan content from different parts and cul-

tivating areas of A. senticosus and A. koreanum. J. Ko-

rean Soc. Food Sci. Nutr., 42, 2082–2087. 

Kim, Y.H., Cho, M.L., Kim, D., Shin, G.H., Lee, J.H., Lee, 

J.S., Park, S.O., Lee, S.J., Shin, H.M., Lee, O.H. 

(2015). The antioxidant activity and their major antiox-

idant compounds from Acanthopanax senticosus and A. 

koreanum. Molecules, 20, 13281–13295. 

Kimura, Y., Sumiyoshi, M. (2004). Effects of various 

Eleutherococcus senticosus cortex on swimming time, 

natural killer activity and corticosterone level in forced 

swimming stressed mice. J. Ethnopharmacol., 95, 447–

453. 

Kohlmünzer, S. (2012). Farmakognozja, 5th ed., Wyd. 

Lek. PZWL, Warsaw, Poland. 

Kolesnikov, M.P., Gins, V.K. (2001). Phenolic substances 

in medicinal plants. Appl. Biochem. Microbiol., 37, 

457–465. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11816040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11816040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11816040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11816040
http://www.ncbi.nlm.nih.gov/pubmed/11816040
http://www.sciencedirect.com/science/article/pii/0048405982900194
http://www.sciencedirect.com/science/journal/00484059


Bączek, K., Przybył, J.L., Kosakowska, O., Węglarz, Z. (2017). Accumulation of phenolics in Eleuthero (Eleutherococcus senticosus (Rupr. 
et Maxim.) Maxim.) as affected by plant development. Acta Sci. Pol. Hortorum Cultus, 16(4), 89–99. DOI: 10.24326/asphc.2017.4.10 
 
 

 

  

 

www.hortorumcultus.actapol.net 99 

Kurkin, V.A., Dubishchev, A.V., Ezhkov, V.N., Titova, 

I.N., Avdeeva, E.V. (2006). Antidepresant activity of 

some phytopharmaceuticals and phenylpropanoids. 

Pharm. Chem. J., 40, 33–38. 

Lee, H.I., Leon, J., Raskin, I. (1995). Biosynthesis and 

metabolism of salicylic acid. Proc. Natl. Acad. Sci. 

U.S.A., 92, 4076–4079. 

Liu, S.P., An, J.T., Wang, R., Li, Q. (2012). Simultaneous 

quantification of five bioactive components of Acan-

thopanax senticosus and its extract by ultra perfor-

mance liquid chromatography with electrospray ioniza-

tion time-of-flight mass spectrometry. Molecules, 17, 

7903–7913. 

Marrassini, C., Anesini, C., Ferraro, G. (2011). HPLC 

fingerprint of a flower extract of Tilia × viridis and cor-

relation with antiproliferative and antioxidant activity. 

Phytoter. Res., 25, 1466–1471. 

Muñoz-Muñoz, J.L., Garcia-Molina, F., Ros, E., Tudela, J., 

García-Canovas, F., Rodriguez-Lopez, J.N. (2013). 

Prooxidant and antioxidant activities of rosmarinic ac-

id. J. Food Biochem., 37, 396–408. 

Nishibe, S., Kinoshita, H., Takeda, H., Okano, G. (1990). 

Phenolic compounds from stem bark of Acanthopanax 

senticosus and their pharmacological effect in chronic 

swimming stressed rats. Chem. Pharm. Bull., 38(6), 

1763–1765. 

Niu, H.S., Liu, I.M., Cheng, J.T., Lin, C.L., Hsu, F.L. 

(2008). Hypoglycemic effect of syringin from Eleuthe-

rococcus senticosus in streptozotocin-induced diabetic 

rats. Planta Med., 74, 109–113. 

Panossian, A., Wikman, G., Wagner, H. (1999). Plant 

adaptogens III. Earlier and more recent aspects and 

concepts on their mode of action. Phytomedicine, 6, 

287–300. 

Rogala, E., Skopińska-Różewska, E., Sawicka, T., Som-

mer, E., Prosińska, J., Drozd, J. (2003). The influence 

of Eleutherococcus senticosus on cellular and humoral 

immunological response of mice. Pol. J. Vet. Sci., 6(3), 

37–39. 

Sato, Y., Itagaki, S., Kurokawa, T., Ogura, J., Kobayashi, 

M., Hirano, T., Sugawara, M., Iseki, K. (2011). In vitro 

and in vivo antioxidant properties of chlorogenic acid 

and caffeic acid. Int. J. Pharm., 403, 136–138. 

Sevgi, K., Tepe, B., Sarikurkcu, C. (2014). Antioxidant and 

DNA damage protection potentials of selected phenolic 

acids. Food Chem. Toxicol., 77, 12–21. 

Skiba, A., Węglarz, Z. (1999). Accumulation of biomass 

and some polyphenolic compounds in Rhaponthicum 

carthamoides (Willd.) Iljin. Ann. Wars. Agric. Univ. – 

SGGW, Hortic. Landsc. Archit., 20, 19–25. 

Song, Y.Y., Li, Y., Zhang, H.Q. (2010). Therapeutic effect 

of syringin on adjuvant arthritis in rats and its mecha-

nisms. Acta Pharm. Sin., 45, 1006–1011. 

Sytar, O. (2015). Phenolic acids in the inflorescences of 

different varieties of buckwheat and their antioxidant 

activity. J. King Saud Univ., 27, 136–142. 

Tumiłowicz, J., Banaszczak, P. (2006). Woody species of 

Araliaceae at the Rogów Arboretum. Rocz. Dendrol., 

54, 35–50. 

Węglarz, Z., Przybył, J.L., Geszprych, A. (2008). Roseroot 

(Rhodiola rosea L.): Effect of Internal and External 

Factors on Accumulation of Biologically Active Com-

pounds. Chapter 16. In: Bioactive molecules and me-

dicinal plants, Ramawat, K.G., Mérillon, J.M., (eds.), 

Springer-Verlag, Berlin-Heidelberg. 

Weng, J.K., Chapple, C. (2010). The origin and evolution 

of lignin biosynthesis. New Phytol., 187, 273–285. 

Wu, L., Guo, X., Harivandi, M.A. (1998). Allelopathic 

effects of phenolic acids detected in buffalograss 

(Buchloe dactyloides) clippings on growth of annual 

bluegrass (Poa annua) and buffalograss seedlings. En-

viron. Exp. Bot., 39, 159–167. 

Yazaki, K. (2005). Transporters of secondary metabolites. 

Curr. Opin. Plant Biol., 8, 301–307. 

Yazaki, K. (2006). ABC transporters involved in the 

transport of plant secondary metabolites. FEBS Lett., 

580, 1183–1191. 

Yazaki, K., Sugiyama, A., Morita, M., Shitan, N. (2008). 

Secondary transport as an efficient membrane transport 

mechanism for plant secondary metabolites. Phyto-

chem. Rev., 7, 513–524. 

Yilmaz, V.A., Brandolini, A., Hidalgo, A. (2015). Phenolic 

acids and antioxidant activity of wild, feral and domes-

ticated diploid wheats. J. Cereal Sci., 64, 168–175.  

Zhang, T.T, Zheng, C.Y, Hu, W., Xu, W.W., Wang, H.F. 

(2010). The allelopathy and allelopathic mechanism of 

phenolic acids on toxic Microcystis aeruginosa. J. 

Appl. Phycol., 22, 71–77. 

 


