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The major bioactive constituents in extracts from roots of Eleutherococcus senticosus (Rupr. & Maxim)

(Araliaceae) and in a multi-adaptogen herbal formulation (Multiphytoadaptogen) were analyzed using

high-performance liquid chromatography (HPLC) in combination with tandem mass spectrometry. Chroma-

tography was performed on an ACQUITY UPLC BEH C18 column in gradient mode. A TSQ Vantage triple

quadrupole mass spectrometer with electrospray ionization was used for the analysis. Eleutherosides B

(syringin, a phenylpropanoid) and E (syringaresinol diglucoside, a lignan) were identified in both the

multi-adaptogen herbal formulation and E. senticosus root extract. The results could be used for standardiza-

tion and quality testing of herbal formulations including eleutherosides B and E and for justification of the bi-

ological action of Multiphytoadaptogen and studies of its new properties considering the identified bioactive

constituents. The probable mechanisms of the antitumor and additive/synergistic effects of eleutherosides B

and E were established by in silico analysis of their biological activity profiles.

Keywords: Eleutherococcus senticosus, eleutherosides, HPLC-MS/MS, Multiphytoadaptogen, preventive

oncology, in silico, PASS, PharmaExpert, in vitro validation.

The term adaptogens was introduced into the scientific

literature in the 1950s by the Leningrad pharmacologist Prof.

N. V. Lazarev. It characterizes the physiological mechanisms

of action of natural compounds and medicinal plants such as

phytoadaptogens that increase the nonspecific resistance of

an organism to various types of stressors, including

antitumor resistance. Classical phytoadaptogens include gen-

uine ginseng Panax ginseng, Rhodiola rosea, Aralia mand-

shurica, Eleutherococcus senticosus, Oplopanax elatus,

Schizandra chinensis, etc. However, the use of individual

phytoadaptogens is often limited by tolerance to the drug that

develops over time. Therefore, research on phytocomplexes

based on the principle of rational combination of biologically

active substances and the creation of unique synergistic ef-

fects that cannot be produced using separate phytoadapto-

gens is scientifically justified and relevant. Moreover, an or-

ganism can be affected without causing tolerance if several

adaptogens are used in a single pharmaceutical formulation.

In addition, both standardization and validation of the phar-

macological activity of multicomponent phytoadaptogens

considering their chemical composition are pressing prob-

lems [1 – 6].

The pharmaceutical formulation Multiphytoadaptogen

(MPA) for preventive oncology and gerontology was devel-
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oped at N. N. Blokhin National Medical Research Center of

Oncology [7]. MPA contains constituents of extracts from 40

official plants, including the adaptogens ginseng, Aralia,

Eleutherococcus, Rhodiola rosea, Oplopanax, and Schizan-

dra. MPA was shown to be effective in preventive oncology.

Preventive oncology comprises primary (prevention of the

generation or chemoprevention); secondary (prevention of

recidivism and tumor metastases); and tertiary (prevention of

side effects of chemotherapy and radiation therapy) preven-

tion of oncological diseases [3]. The antitumor and protec-

tive effects are certainly the main properties that drugs for

preventive oncology should possess. Experimental and clini-

cal research on MPA found antimutagenic (which is impor-

tant for primary prevention of cancer), radioprotective, hor-

mone-modulating, antioxidant, neuroprotective, and immu-

nomodulating, including adhesiogenic effects (which are

important for tertiary prevention of cancer) [7 – 18]. Un-

doubtedly, the efficacy of MPA is due to a complex of bio-

logically active compounds (BACs) included in its composi-

tion.

Research on the BACs of the components of MPA is be-

ing conducted to evaluate the potential for quality control

and standardization of the formulation. For example,

polyphenolic compounds, essential oils, amino acids, and vi-

tamins were detected in MPA using reversed-phase high-per-

formance liquid chromatography (HPLC) with UV detection,

GC-MS, and NMR spectroscopy [19 – 21]. In addition,

HPLC in combination with tandem mass spectrometry

(HPLC-MS/MS) identified the major BACs among the MPA

components, particularly ginseng and aralia, as triterpene

saponins, e.g., ginsenosides Rb1, Rb2, Rc, Rd, Rg1, Rg2, Re,

Rf, and Ro and aralosides A, B, and C [22, 23]. The phenyl-

ethanol glycoside salidroside, phenylpropanoid glycosides

rosavin and rosarin, monoterpene glycoside rosiridin, and the

flavonoid rhodionin were also determined as constituent

BACs of Rhodiola rosea [24].

The next stage of the analysis of the constituent compo-

sition of MPA was HPLC-MS/MS determination of BACs of

the extract from rhizomes and roots of E. senticosus included

in the MPA formulation. This method is highly specific and

accurate and enables the determination of minimal quantities

of compounds.

E. senticosus (Rupr. & Maxim) Maxim (Araliaceae, wild

pepper) is a bush with fruit clustered into large black balls.

Its medicinal properties are close to those of ginseng. There-

fore, it is sometimes called Siberian ginseng. It is distributed

in Japan, northern China, and Manchuria. It grows in Russia

in Primorsky and Khabarovsk Krais, Amur Region, and

southern Sakhalin. Total BACs from rhizomes and roots of

Eleutherococcus include eleutherosides belonging to various

classes of chemical compounds, e.g. sterols (eleutheroside

A), phenylpropanoids (eleutheroside B), coumarins (eleuthe-

roside B1), lignans (eleutherosides D and E), and triterpene

saponins (eleutherosides K, L, and M). Furthermore, rhi-

zomes and roots of this plant contain essential oils, anthocy-

ans, chromones, flavonoids, resins, lipids, pectinic sub-

stances, free sugars and polysaccharides, and the alkaloid

aralin. The contents of eleutherosides in rhizomes and roots

were greatest in late autumn after fruiting, decreased in

spring, and fell sharply in July and during flowering. The ef-

fects of Eleutherococcus preparations are largely like those

of ginseng but milder. The extract exhibits antioxidant,

immunomodulating, cardiotonic, hypoglycemic, tonic, go-

nadotropic, antistressor, and general strengthening proper-

ties. Eleutherococcus preparations in experiments inhibited

the growth of malignant tumors. They were recommended

for serious physical stresses and radiation illness and for re-

duction of the toxicity of x-ray and radiation exposure during

rehabilitation after serious diseases and operations. They in-

crease the acuity of hearing and vision and improve memory.

Muscular activity under the influence of Eleutherococcus

strengthened because of lower losses of carbohydrate energy

sources due to earlier inclusion in lipid metabolism

[25 – 27].

The aim of the present study was to identify BACs of

Eleutherococcus in MPA using HPLC-MS/MS and to evalu-

ate the biological activity profile of the identified phytocon-

stituents.

EXPERIMENTAL PART

Two MPA samples and extracts from rhizomes and roots

of Eleutherococcus included in the MPA formulation were

studied in the work. Samples of the extracts were obtained

using certified raw material and the same technology (raw

material specific weight, extraction temperature and time re-

gimes, extractant composition, raw-material:extractant ra-

tio).

An MPA sample was mixed with MeOH in a 1:2 ratio

and centrifuged for 5 min at 13,000 rpm. The supernatant

liquid was passed through a 0.22-�m filter and centrifuged

for 1 min at 13,000 rpm.

An aliquot (1 mL) of the Eleutherococcus extract was

evaporated in a Concentrator 5301 rotary evaporator

(Eppendorf, Germany) to dryness at 30°C. The residue was

dissolved in MeOH (100 �L) and centrifuged for 1 min at

13,000 rpm.

Samples were analyzed using a TSQ Vantage triple

quadrupole mass spectrometer (Thermo Scientific) con-

nected to an Accela HPLC chromatograph.

The chromatographic analytical conditions were

ACQUITY UPLC BEH C18 column (1.7 �m, 2.1 � 100 mm,

Waters); mobile phase composition: phase A, 100% H
2
O and

formic acid (FA, 0.1%); phase B, MeCN (95%), H
2
O (5%),

and FA (0.1%).

Extracts were analyzed using gradient elution by mobile

phase (%B) 0 – 68 min (0 – 60%), 68 – 70 min (60 – 100%),

70 – 75 min (100%), 75 – 80 min (0%). Samples (5 �L) were

injected into a 25-�L injector loop (mobile phase, 20 �L).

The flow rate was 450 �L/min.
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Electrospray ionization was used in negative-ion mode;

spray capillary potential, 4 kV; gas (spray), 60 psi; bypass

gas, 15 rel. units; capillary temperature, 270°C. Spectra of

total ion scans and selected ion monitoring (SIM) were taken

in the range 150 – 1500 Da with scan time 0.1 sec.

Mass spectra were obtained by direct sample introduc-

tion through a syringe at 5 �L/min. The gas pressure in the

collision chamber was 0.9 Torr. The potential in the collision

chamber was selected separately for each compound.
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Fig. 1. Chromatogram of total ion current of Eleutherococcus extract.

TABLE 1. Major Biologically Active Compounds from Eleutherococcus from Literature Data [24] (MW = Molecular Weight)

Compound and molecular formula Structural formula MW, Da

Eleutheroside B (syringin) C17H24O9 372.4

Eleutheroside E (syringaresinol

diglucoside) C34H46O18

742.7
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Probable spectra of BACs were calculated using the Pre-

diction of Activity Spectra for Substances (PASS) computer

program. PASS Refined 2020 allowed 1945 types of biologi-

cal activity to be predicted with an average accuracy of 97%

[28]. The PASS algorithm was based on the naïve Bayesian

classifier and represented the structures of chemical com-

pounds as multilevel neighborhoods of atoms (MNA)

descriptors [28]. The calculations yielded a list of activities

for each compound with the corresponding probable evalua-

tions: Pa, probability of activity and Pi, probability of inac-

tivity. All activities for which the calculated Pa values ex-

ceeded the Pi values were considered probable [29].

It is noteworthy that natural compounds were considered

in the present work. This group of compounds had several

structural features that differentiated them from synthetic

compounds [30]. Therefore, the question arises whether this

group falls within the application area of PASS. The last is

determined by the MNA set, i.e., the training set descriptors.

The accuracy of the prediction was shown to decrease if

more than four new descriptors are observed [31]. New

descriptors were not observed for the chemical compounds

examined in the present work. Therefore, the studied com-

pounds correspond to the PASS application area. PASS was

already successfully used earlier to assess the biological ac-

tivity of individual natural compounds and to analyze the ad-

ditive/synergistic action of pharmaceutical formulations [24,

32 – 35].

The additive/synergistic action of the studied chemical

compounds was analyzed using the PharmaExpert computer

program, which is based on a knowledge base containing in-

formation on greater than 15,000 known interactions between

mechanisms of action and pharmacological effects [32].

RESULTS AND DISCUSSION

An analysis of literature data on the chemical composi-

tion of Eleutherococcus roots allowed the most important

BACs (standard markers) of this plant to be identified as

eleutherosides B and E. Table 1 presents their molecular

weights and structural formulas.

The major BACs in the extract of Eleutherococcus in-

cluded in the MPA formulation were studied using a

chromatogram of the extract taken in total ion scanning

mode (Fig. 1).

TABLE 2 presents the results from tandem mass spec-

trometry of the Eleutherococcus extract (R
t
, m/z for the main

molecular ion and it fragments) and the molecular weight of

the compound according to literature data.

TABLE 2 shows that the studied Eleutherococcus com-

pounds formed ion adducts [M + FA – H]
+

with FA included
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Fig. 2. Chromatogram of MPA in total ion-current mode.

TABLE 2. Tandem Mass Spectrometric Results for Extract of

Eleutherococcus (R
t
, m/z for Main Molecular Ion and Fragments of

Molecular Ion) and Molecular Weight
*

from Literature Data

Compound and molecular formula Rt, min m/z

Eleutheroside B (syringin)

C17H24O9

11.2 – 11.5 417 [M + FA – H]
–

371* [M – H]
–

Eleutheroside E (syringaresinol

diglucoside) C34H46O18

19.2 – 19.4 787 [M + FA – H]
–

741.3* [M – H]
–



in the mobile phase. Eleutheroside B (syringin) corresponded

to one of the peaks with m/z 417 and retention time

R
t
= 11.2 min. Eleutheroside E (syringaresinol diglucoside)

corresponded to one of the peaks with m/z 787 and retention

time R
t
= 19.4 min.

Thus, the major BACs of Eleutherococcus, primarily

eleutherosides B and E, were identified in its extract.

The chromatogram of MPA with respect to contents of

eleutherosides was analyzed by knowing the major molecu-

lar ion and the retention time and m/z value corresponding to

it (Fig. 2).

The MPA chromatogram obtained under the same condi-

tions as for the chromatogram of the Eleutherococcus extract

was analyzed in selected ion monitoring mode corresponding

to the major molecular ions of the eleutherosides (based on

data given in Table 2). The sought peaks were identified by

analyzing in the MPA chromatogram. Also, the presence of

eleutherosides B and E in the formulation was confirmed.

Figure 3 illustrates the quantitative characteristics of the

biological activity profiles calculated using the PASS com-

puter program for eleutherosides B and E.

An analysis of the biological activity profiles of

eleutherosides B and E established that 306 biological activi-

ties were predicted with positive (Pa – Pi) values for

eleutheroside B. Of these, 70 were predicted with threshold

(Pa – Pi) > 0.5. A total of 294 biological activities with posi-

tive (Pa – Pi) values were predicted for eleutheroside E, 69 of

which had (Pa – Pi) > 0.5.

The potential additive/synergistic activity of

eleutherosides E and B was evaluated in silico by us because

the identified compounds were proposed for use in the ex-

tract of E. senticosus rhizomes and roots. The analysis of the

additive/synergistic activity considered the types of activity

predicted for both compounds with (Pa – Pi) values exceed-

ing 0.5. Figure 4 shows the probably additive/synergistic ef-

fects.

It was found that the above criteria corresponded to 56

types of biological activity. Of these, eight were predicted

with threshold (Pa – Pi) > 0.8 (Table 3).

TABLE 3 shows that additivity/synergism of NF-êB

transcription factor inhibition was predicted with the greatest

probability. This is the mechanism of the antitumor effect for

lung and breast cancer.

The in silico analysis allowed the most probable addi-

tive/synergistic mechanisms of the antitumor activity of

eleutherosides E and B to be identified. Table 4 presents the

results.

TABLE 4 shows that the most probable mechanisms of

antitumor activity were stimulation of apoptosis, inhibition

of NF-�B transcription factor, and stimulation of caspase 3,

which were predicted with (Pa – Pi) > 0.7. Based on the ana-

lytical data, use of PharmaExpert established that these

mechanisms were involved in the development of antitumor

effects against kidney cancer, melanoma, non-Hodgkin’s

lymphoma, colorectal cancer, osteosarcoma, and pancreatic

cancer in addition to antitumor activity against lung, breast,

and liver cancer.

An analysis of literature studies on the biological activity

of the identified compounds gave the following results.

Eleutherosides B (syringin) and E (syringaresinol diglu-

coside) exhibited neuroprotective, immunomodulating, and
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Fig. 3. Number of predicted types of activity for eleutherosides B

and E for various threshold values (Pa – Pi).

TABLE 3. Probable Additive/Synergistic Effects for Eleutherosides B and E [(Pa – Pi) > 0.8]

Pharmacological effect Mechanism of action Eleutheroside B (Pa – Pi) Eleutheroside E (Pa – Pi)

Antitumor (lung cancer) Transcription factor NF-�B inhibitor 0.89 0.88

Antileukemia

Antitumor (breast cancer)

Antidiabetic Anti-inflammatory 0.84 0.89

Hypoglycemic 0.86 0.86

Anti-inflammatory Anti-inflammatory 0.81 0.86

Hypolipidemic Antihypercholesterolemic 0.83 0.91

Chemoprophylactic Chemoprophylactic 0.84 0.90



anti-inflammatory activity, promoting correction of adhesive

intercellular interactions [36 – 39]. Radioprotector properties

were found for eleutheroside E [40].

Studies in silico, in vitro, and in vivo established antitu-

mor activity for eleutherosides B and E against glioblastoma

and liver, lung, and breast cancer [41, 42].

The literature data also suggested that eleutheroside B

possessed antiangiogenic activity and inhibited isoenzymes

hCA IX and hCA XII, which led to progression and metasta-

sis of malignant tumors [43, 44].

Eleutheroside B was found to exhibit antioxidant activity

upon activation of the Nrf2 signaling pathway and to sup-

press hyperproduction of pro-inflammatory cytokines (inter-

leukins IL-1�, IL-6, and tumor necrosis factor TNF-�) and

pro-inflammatory factors (induced NO-synthase iNOS,

cyclooxygenase COX-2), exhibiting anti-inflammatory ac-

tivity with colitis [45]. In addition, antioxidant properties of

eleutheroside B were found with increased activity of liver

superoxide dismutase, catalase, and glutathione peroxidase

together with neutralizing action on free radicals [46]. Ele-

utherosides B and F could relieve tiredness and improve

memory and cognitive functions. These effects may have

been due to inhibition of cholinesterase or increased acetyl-

choline synthesis in hippocampal neurons. It was also dem-

onstrated that eleutheroside E could relieve tiredness with re-

duced activity of NK cells and delay an increased corticoste-

rone level caused by stress during swimming [47, 48].
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It is noteworthy that the MPA pharmaceutical formula-

tion also showed the above properties characteristic of

eleutherosides B and E, i.e., immunomodulating (including

adhesiogenic and diminished increase of IL-6 level), antioxi-

dant, radioprotective, neuroprotective, antistress, chemopre-

ventive (against squamous cell skin carcinoma), and anti-

tumor against hepatocarcinoma and lung and stomach cancer

[8 – 17, 49 – 52].

Furthermore, the following should be noted. MPA could

be assumed to have high neuroprotective activity in experi-

ments and the clinic against dopaminergic neurons owing to

the identification in the MPA formulation of eleutheroside B

(syringin) in particular. The latter facilitated increased effec-

tiveness of pathogenetic therapy with Parkinson’s disease

and enabled MPA to be characterized as a geroprotector

among others [11, 53, 54]. The similarity of the molecular

812 O. A. Bocharova et al.

TABLE 4. Most Probable Mechanisms of Antitumor Action for Eleutherosides B and E from in silico Analyses

Pharmacological effect Mechanism of action Eleutheroside B (Pa – Pi) Eleutheroside E (Pa – Pi)

Antitumor (lung cancer) Antioxidant 0.80 0.86

Antitumor (melanoma)

Antitumor (kidney cancer)

Antitumor (lung cancer) Apoptosis agonist 0.79 0.82

Antitumor (non-Hodgkin’s lymphoma)

Antitumor (cervical cancer)

Antitumor (breast cancer)

Antitumor (colorectal cancer)

Antitumor (pancreatic cancer)

Antitumor (bladder cancer)

Antitumor (stomach cancer)

Antitumor (melanoma)

Antitumor (kidney cancer)

Antitumor (thyroid cancer)

Antitumor (lymphoma)

Antitumor (liver cancer)

Antitumor (osteosarcoma)

Antitumor (lung cancer) Caspase 3 stimulator 0.77 0.82

Antitumor (breast cancer)

Antitumor (bladder cancer)

Antitumor (kidney cancer)

Antitumor (lung cancer) DNA damage 0.69 0.58

Antitumor (non-Hodgkin’s lymphoma)

Antitumor (colorectal cancer)

Antitumor (pancreatic cancer)

Antitumor (ovary cancer)

Antitumor (liver cancer)

Antitumor (lung cancer) Lipid peroxidase inhibitor 0.67 0.60

Antitumor (lung cancer) Transcription factor NF-�B inhibitor 0.89 0.88

Antitumor (breast cancer)

Antitumor (colorectal cancer)

Antitumor (bladder cancer)

Antitumor (stomach cancer)

Antitumor (kidney cancer)

Antitumor (lymphoma)

Antitumor (solid tumors)



structures of eleutheroside B (syringin) and the levo-dopa-

mine isomer L-DOPA (Fig. 3) suggested that syringin itself

included in the MPA formulation helped significantly to re-

plenish and protect cerebral dopaminergic neurons from

damage. This could also explain the fact that MPA, affecting

the level of central dopamine (produced in the brain), passed

the blood–brain barrier because this property is characteristic

only of the levo-isomer of dopamine.

All above activities characteristic of eleutherosides B

and E were analyzed in silico and using the scientific litera-

ture. They were fully consistent with a formulation designed

for preventive oncology, as mentioned above.

In addition, properties unstudied for the MPA pharma-

ceutical formulation were demonstrated experimentally for

eleutherosides B and E. In particular, eleutherosides B and E

were shown to possess cardioprotective activity. For exam-

ple, eleutheroside B in experiments on rabbit heart reduced

the number of episodes of atrial and ventricular fibrillation

and death from heart failure. Also, it had anti-inflammatory

activity as a sodium channel inhibitor. It was also shown that

eleutheroside B prevented hypertrophy of myocardium, sup-

pressing oxidative stress with myocardial damage [55 – 57].

Eleutheroside B exhibited antidepressant properties. The

mechanism of action in this instance could consist of reduc-

tion of the level of pro-inflammatory cytokines such as

TNF-� and IL-1â and inhibition of neuro-inflammatory reac-

tions [58]. Eleutherosides B and E could reduce the meta-

bolic activity of several drugs by suppressing the activity of

cytochrome genes CYP2C9 and CYP2E. Thus, they could

increase the activity of cytostatics against tumor cells [59].

All these properties could be the subject of future re-

search on the MPA pharmaceutical formulation and develop-

ment of complex adaptogenic geroprotector formulations for

preventive oncology.

New properties of the MPA could be predicted consider-

ing the characteristics of eleutherosides E and B obtained us-

ing in silico analysis and literature data.

The potential for quality control and standardization of

complex phytopreparations containing phenylpropanoid

compounds (eleutheroside B) and lignans (eleutheroside E)

were demonstrated by the completed research.
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