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The increase in the incidence of cancer in Armenia and around the world is a
serious problem, and the chemical interventions used in cancer therapy, which
partially have a therapeutic effect, are often accompanied by the destruction of
normal body cells. Therefore, it is necessary to search for new alternative treatments
that will be highly effective and accompanied by a small number of side effects.
From this point of view, several medicinal plants used in traditional medicine can
be considered new, effective means of treating cancer, since they have an
immunostimulating effect on individual parts of the human immune system.
Considering all this, the work aimed to study the quantitative changes in the pro-
duction of interleukin-2 in the blood and tumor of rats under the influence of plant
extracts in an experimental model of DMBA (7,12-dimethylbenz[a]anthracene)-
induced breast cancer, as well as cell cultures of breast cancer and lungs. We
showed that Hypericum alpestre and Rumex obtusifolius extracts have a
pronounced anticancer effect by increasing interleukin-2 (IL-2) levels in the blood
and tumors of rats. They also brought quantitative changes in phosphoinositol-3-
kinase (PI3K), which plays a key role in cancer development. This could be the
basis for developing new anticancer or cancer-preventing drugs derived from more
potent H. alpestre and R. obtusifolius herbs.
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Introduction. Herbal extracts and isolated phytochemicals have gained
recognition as useful cancer treatments. Clinical studies have demonstrated the
beneficial effects of herbal medicines on improving the quality and duration of life.
Their role in immune system regulation in cancer patients when combined with
classical chemotherapy agents was also shown [1]. Herbal extracts contain numerous
active components that can affect different targets in the body, leading to pharmaco-
dynamic reactions [2]. Diseases accompanied by inflammatory processes and related
to the immune system have long been treated with herbal preparations that act as
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immunoregulators. Immunomodulators can be considered herbal medicines that alter
the function of the immune system through dynamic regulation of the metabolic
pathways of messenger molecules, cytokines, adhesion molecules, nitric oxide,
hormones, neurotransmitters, etc. Data from the literature suggest that many of the
immunological effects of herbs may be related to the modulation of cytokine
synthesis and transport [3].

Cytokines are pleiotropic peptides and glycoproteins with multiple sources,
targets, and functions [4]. These compounds play an important role in inflammatory
processes, as well as in cell growth, differentiation, cell death, angiogenesis,
development, and repair. Manipulation of cytokine activity holds promise in many
diseases related to immune function, including asthma and cancer [5]. The goal of
cancer immunotherapy is to restore an anticancer immune response in tumors by
modifying immune cells (e.g., macrophage cells, T lymphocytes, dendritic cells) and
the tumor microenvironment [6].

Interleukin-2 (IL-2) is a cytokine that is crucial in activating the immune
system. It has been shown to mediate tumor regression in metastatic renal cell
carcinoma and metastatic melanoma [7]. Complexation of IL-2 or IL-2 mutants with
other common vy-chain cytokine family members known as “superkines” can
promote unique and more powerful signaling effects on lymphocytes by activating
multiple signaling complexes simultaneously. These superkines have shown positive
anticancer effects on patients’ life expectancy when used alone or combined with
other anticancer immunotherapies, such as herbal extracts [8].

Herbal extracts or secondary metabolites isolated from them have been found
to exhibit immunostimulatory or immunosuppressive effects in the tumor micro-
environment [9]. R. obtusifolius, also known as broad-leaved dock, is a wild plant
widely growing in Armenia and worldwide. This plant is known for its high
pharmacological effects including homeostatic, anti-inflammatory, anti-allergic,
antimicrobial, antioxidant, neuroprotective, and anti-cancer properties [10]. The
anticancer activity of R. obtusifolius extract has been demonstrated in rat breast
cancer models [11]. Plants of the genus Hypericum have high antidepressant, anti-
viral, antibacterial, and neuroprotective properties. Chemical analysis has revealed
the presence of various bioactive compounds such as tannins, petrodianthrones
(hypericin, pseudohypericin), acylfluoroglycols (hyperforin) resins, anthocyanins,
saponins, glycosides, hyperoside, vitamin C, rutin, nicotinic acid, carotene, choline
etc., which contribute to its therapeutic potential in cancer treatment [11].

Our previous studies established the potent anticancer properties of
H. alpestre and R. obtusifolius ethanolic extracts in rat mammary carcinogenesis
models [11]. This current research aimed to unravel the underlying mechanisms of
their anticancer action. While previous reports highlighted the extracts’ effects, the
exact mechanisms remained unclear.

The study aimed to investigate the possible anticancer mechanisms of extracts
of Armenian herbs, H. alpestre and R. obtusifolius, in in vitro cellular and in vivo an
experimental rat model of breast cancer. We aimed to assess the quantitative change
of interleukin-2 in the blood and tumor of rats in the experimental groups.
Furthermore, possible mechanisms of the anticancer effect of these herbal extracts
on different cancer cell lines were elucidated.
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Materials and Methods.

Chemicals and Reagents. All chemicals and reagents were purchased from
“Sigma-Aldrich GmbH” (Taufkirchen, Germany) and “Abcam” (UK).

Plant Material Collection, Identification, and Extraction. Aerial parts of H.
alpestre subsp. polygonifolium (Rupr.) and seeds of Rumex obtusifolius Avet. &
Takht. were collected from the Tavush Region of Armenia (1450-2700 m height
above m. s. 1.). Plant materials identification was done at the YSU Department of
Botany and Mycology (Armenia) by Dr. Narine Zakaryan. Voucher specimens were
deposited at the Herbarium at YSU. Extraction of dry plant material was done by
maceration using ethanol (96%) with a ratio of 10:1 (solvent volume/plant mass).
For in vivo studies working solutions of plant extracts were prepared by dissolving
dry extracts in pure dimethyl sulfoxide (DMSO) [10]. For studies with cell cultures,
50 mg DW/mL crude ethanol extract was prepared as described earlier [11].

Cell Culture. A549 (human lung adenocarcinoma) cell line was provided by
the Institute of Physiology after L.A. Orbeli RA NAS was maintained in Dulbecco’s
Modified Essential Medium (DMEM) supplemented with 10% fetal bovine serum
and a mixture of penicillin and streptomycin. MCF-7 (Human breast cancer) cell line
was obtained from the American Type Culture Collection (ATCC) and maintained
in Eagle’s minimal essential medium (EMEM) medium supplemented with L-
glutamine (2 mmol/L), sodium pyruvate (200 mg/L), fetal bovine serum (100 mL/L),
antibiotics (100 U/mL penicillin and 100 ug/L streptomycin). The cells were grown
at 37°C with 5% CO- and a humidified atmosphere in a CO, incubator (Biosan S-Bt
Smart Biotherm) [12]. To assess IL-2 changes in cell medium, cells were cultured in
a 24-well microplate with 50 000 cells per well in 450 uL of medium. The next day,
50 uL of plant extract was added. After 24 h, IL-2 quantity was determined in the
cell medium.

Animals and Tumor Inhibition. The experiments including animal models
were done on white laboratory female albino rats weighing 120—-150 g. Rats were
maintained on a 12 4 light/12 & dark cycle. All animals were decapitated at 190 days
(28 weeks after DMBA injection) under anesthesia. The rats were divided into 8
different groups with 8 rats in each group. Mammary carcinogenesis induction in
rats was performed by a single subcutaneous injection of 1 mL of 25 mg DMBA
(dissolved in soybean oil) into the 2™ and 3™ pairs of breasts at 60-65 days of age
[13]. The effects of plant extracts, on DMBA-stimulated cancer were determined 60
days (8 weeks, tumor stabilization) and 190 days (28 weeks, end of experiment) after
the latter injection. The doses of herbal extracts were selected according to literature
data. After 196 days (28 weeks after DMBA induction) all animals were decapitated.
Experimental rats were regularly monitored for food and water consumption,
apparent signs of toxicity, weight loss, mortality, tumor numbers, and sizes. Blood
samples were collected according to the method of Lee and Goossens [14].

Determination of IL-2 Level by ELISA. A Rat 1L-2 ELISA kit was used for
the determination of IL-2 quantity in serum, plasma, and cell culture. IL-2 levels in
the blood plasma and tumors were determined using enzyme-linked immunosorbent
assay (ELISA) kits according to the manufacturer’s instructions (“Sigma-Aldrich”,
Germany). Breast tumors (0.1 g) were homogenized in RIPA buffer (0.625%
Nonidet P-40, 0.625% sodium deoxycholate, 6.25 mM sodium phosphate, and 1 mM
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ethylene-diamine tetraacetic acid at pH 7.4) containing 10 ug/mL of a protease
inhibitor cocktail (“Sigma-Aldrich”, Germany). Homogenates were centrifuged at
12,000 g for 10 min at 4°C, the supernatant was separated, and a quantitative
assessment of IL-2 in the supernatant was carried out using a RAT IL-2 ELISA kit
(RABO0288, “Sigma-Aldrich”, Germany) [10].

Experimental design and treatment
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Phospho-PI 3 Kinase p85 + Total In-Cell ELISA Assay. MCF-7 cells
(1.5-10* cells per well) were seeded in the 96-well plates treated for tissue culture.
After 24 h incubation, the cell medium (180 xL) was refreshed and the cells were
treated with 20 uL control or test compounds with the following final concentrations:
phosphate-buffered saline (PBS), 1% ethanol solution (control, MCF7C cells),
H. alpestre (0.5 mg/mL) and R. obtusifolius (0.25 mg/mL). The calculations during
the seeding of the cells were done in a way to reach approximately 80% confluency
at fixation time. After 24 /& exposure, the medium was discarded and cells were fixed
with 100 uL of 4% formaldehyde in PBS. Crystal Violet was used to stain the cells
for normalizing readings in 450 nm for Phospho-PI 3 kinase p85 + Total. The
measured OD450 readings were corrected for cell number by dividing the OD450
reading for a given well by the OD595 reading for that well. This relative cell number
was then used to normalize each reading. Total and phospho-PI 3 kinase p85 were
each assayed in triplicate using the phospho- and Total PI 3 Kinase p85 antibodies
included in the PI3Kinase Kit. Levels of Phospho-PI 3 kinase p85 and Total PI3K
were measured using an In-Cell ELISA kit (ab207484), according to the
manufacturer’s instructions.
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Statistical Analysis. The obtained results were presented as the mean values
with standard errors (M#SD). Statistical analyses were performed using GraphPad
Prism 8 software (San Diego, CA, USA), and a significance level of p < 0.05 was
deemed statistically significant.

Results. To assess changes in cytokine production during cancer
development, experiments were conducted both in vitro using A549 and MCF7 cell
cultures and in vivo using a rat breast cancer model induced by DMBA (7,12-
dimethylbenz[a]anthracene). In the initial phase of the experiments, the quantity of
IL-2 was evaluated in the blood and tumor of rats with breast cancer who underwent
treatment with ethanolic extracts of H. alpestre and R. obtusifolius herbs. Analyses
of tumor tissue homogenates indicated that the DMBA+RO (DTRO) group
(treatment group with R. obtusifolius extract) exhibited a 1.8-fold increase in
interleukin-2 (IL-2) levels, while the DMBA+HA (DTHA) group (treatment group
with H. alpestre extract) demonstrated a 1.4-fold decrease compared to the DMBA
group. (Fig. 1, A). IL-2 level changes were also detected in blood samples. In the
DMBA group, IL-2 levels decreased by 1.6 times compared to the healthy group
(Fig. 1, B). The obtained data also indicated that in the DMBA-+RO (DBRO) group,
as well as in the HA treatment group (DMBA-+HA (DBHA)), there was a noticeable
increase in the quantity of IL-2, approximately 2.6-fold and 2.2-fold, respectively.

These findings suggest that R. obtusifolius and H. alpestre may have a positive
impact on cancer treatment by enhancing cytokine levels within the tumor,
potentially promoting immune cytotoxicity (Fig. 1, B).
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Fig. 1. Changes in the quantity of IL-2 in the tumor (A. DTRO group — DMBA + R. obtusifolius, DTHA
group — DMBA + H. alpestre) and blood (B. DBRO group — DMBA + R. obtusifolius, DBHA
group — DMBA + H. alpestre) of rats with breast cancer under the influence of R. obtusifolius
and H. alpestre (0.25 mg DW/mL); n =15, p <0.05.

In the second phase of the research, we assessed the changes in the quantity
of IL-2 in the A549 lung cancer cell under the influence of R. obtusifolius and
H. alpestre herbal extracts. As a positive control, we employed the chemotherapeutic
drug 5-fluorouracil (5-FU). The results revealed that, when compared to the control
group, the application of the chemotherapeutic drug led to a three-fold increase in
the quantity of IL-2. Conversely, no statistically significant changes in IL-2 levels
were observed in the RO (cells treated with R. obtusifolius extract) and HA (cells
treated with H. alpestre extract) treatment groups when compared with the control
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group. However, both the RO and HA treatment groups exhibited a decrease in the
quantity of IL-2 when compared to the 5-FU group, with a similar reduction of
approximately 1.4-fold in both cases (Fig. 2, A). For a general understanding of the
mechanism of IL-2 action, we evaluated the change in the levels of total (Total PI3K)
and phosphorylated (p85-PI3K) phosphoinositol-3-kinase in the MCF-7 breast
cancer cell line under the influence of H. alpestre and R. obtusifolius herbs. The
obtained results indicated that significant changes in the Total PI3K levels were not
observed in almost all cases. However, in the case of p85-PI3K (its active form), a
decreased quantity was observed compared to the control group. Specifically, under
the influence of R. obtusifolius and H. alpestre extracts, the p85-PI3K levels
decreased by approximately 1.3 and 1.6 times, respectively (Fig. 2, B).
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Fig. 2. A) Change of IL-2 levels expressed per mg of protein under H. alpestre (HA) and R. obtusifolius
(RO) extracts (0.25 mg DW/mL) in A549 cells. B) Change of quantity of total (Total PI3K) and
phosphorylated phosphoinositol-3-kinases (p85-PI3K) under the influence of R. obtusifolius
and H. alpestre (0.25 mg DW/mL) on MCF-7 breast cancer cell line; n = 3, p <0.05.

Discussion. In our previous research works we showed potent anticancer
properties of H. alpestre and R. obtusifolius extracts in both in vitro and in vivo
models [10, 11]. Particularly, H. alpestre ethanolic extract alone and in combination
with chemotherapeutic agents showed pro-/antioxidant, antiproliferative, anti-
angiogenic, and cytotoxic properties. In another research, R. obtusifolius extracts
demonstrated a significant cytotoxic effect on the human colon (HT29) and breast
cancer (MCF-7) cell lines. A combination of R. obtusifolius extracts with the argina-
se and nitric oxide synthase inhibitors exhibited potent anticancer properties in the
in vivo rat mammary carcinogenesis model [10]. However, the exact mechanism that
underlies the anticancer action of these plant extracts was not elucidated in earlier
reports. In this research, we tried to find out possible mechanisms and cellular
targets. We hypothesized phytochemicals contained in the extract of RO and HA can
act as immunomodulators and play a pivotal role in preventing cancer development
as well as can be used in immunotherapy. Therefore, we assessed IL-2 changes in
cancer cells and animal cancer models. The obtained results confirmed our specula-
tions. Although in vitro studies showed that they did not have a direct effect on the
quantitative regulation of IL-2 in cells, in vivo experiments proved that this model
was able to increase the amount of IL-2 in the blood and tumor of rats, which may
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be the result of activation some other mechanisms, thus showing an immunostimu-
latory effect. Under the influence of H. alpestre and R. obtusifolius extract or/and
tested chemotherapeutic agents, an increment in the amount of IL-2 was observed.
Both extracts also act as inhibitors of PI3K. The inhibition of PI3K contributes to
the immune system, particularly by increasing the number of T-killer cells in both
the tumor microenvironment and blood plasma. Finally, this inhibition can boost
immune cytotoxicity, preventing cancer cell invasion and metastasis (Fig. 3) [15].

Specialized T cells known as regulatory T cells (or Tregs) emerge in the
thymus [16]. There are several different types of Tregs, including specialized subsets
of CD4"*, CD8", double negative CD3"CD4-CD8— T cells, and NKT cells [17].
Modulating the PI3K pathway using drugs or genetic manipulation has revealed the
importance of signaling components in regulating Treg development and function,
maintaining the balance between Tregs and conventional CD4" T cells, and
controlling the distinct metabolic requirements of different CD4" T cell subsets [18].
Moreover, inhibition of PI3K signaling can enhance the function of CD8 T cells.
The high level of CD8" T cell shows that treated tumors also contained T cell
memory cells, evidence of increased tumor NK cell accumulation and cytolytic
biomarkers and intratumorally IFNy production [19].
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Fig. 3. Possible anticancer mechanism of H. alpestre and R. obtusifolius ethanol extract through
changes in IL-2 levels mediated by the phosphoinositol-3 kinase pathway.
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The changes in p85-PI3K levels after treatment with RO and HA plant extract
indicate that their anticancer effect can be due to the regulation of the PI3K/AKT
signaling pathway, which is a loop in mammalian cells that controls cell growth,
migration, proliferation, and metabolism and plays a direct role in signaling
downstream from activating receptors, including 2B4 and KIR receptors [20].

Conclusion. In conclusion, our research revealed that anticancer activity of
H. alpestre and R. obtusifolius plant extract can be due to increment in IL-2 levels
blood and tumor of experimental rats with breast cancer, coupled with the inhibition
of the PI3K/AKT signaling pathway. It suggests that these extracts may function as
immunomodulators, enhancing immune responses and potentially serving as
candidates for immunotherapy. Understanding these immune pathways could pave
the way for novel cancer prevention strategies.
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wpununpnipjud  pwbwulub  thnthnpunipniin - wnbtmbbtph wpuwd L
nionigph b9 pnyutiph nLdwdqyuoptitiph wqnbgnipyudp” YU AU-ny (7,12-
nhitiphphquttnpugtit) ppwtjwd wnbtinh Ypdpwgtindh puingytinh thnpaw-
pupuubd Unnbnid, htyytiu dwle dwpnne pnph puinglinh L Ypopwgtingh
puingytinh peouyhtt Ynrpnnipwbtinnud: Uprynibpbtipn gnyg b wydty, np dtip
Unnihg Yhpungwd pnyubpn” Hypericum alpestre, Rumex obtusifolius niitili juy
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wpmuwhwymywd hwljupwingytinuyhtt wgntgnipynil, npp npulinpyty £ wnbtin-
tiph wpwbt b mpnigph dbky bL-2 pwiwlnmpub wany, nph yWunmwuhiw-
tuwnnibitiphg dthp pungltinh quipqugiwi gnpdptpwugpnid winwbgpuyhtt ntin
nLbbkgnn $nudnhiinghwnni-3-yphtmugh pnhwbtnip b $nudbnphjugyud ntivmy-
btiph pwbwutiph tjugnudd £ Wu wdtiip hhdp Guipnn £ hwinhuwbtwg Gnp
pnidujut wnwyly  wpynmibwytin,  phwluit hndpny  pinudhenglitiph
unugiwd hwdwp:

9. 3. HAJJUPSAH, C. M. O'AHHUCAH, M. B. KOYAPAH, I'. O. IIETPOCSH,
A.T. JUKABPVIIISH, M. M. THHOBSH, H. B. ABTAHAWJISIH

PEI'VJIMPYIOIUEE BJIMAHUE RUMEX OBTUSIFOLIUS 1
HYPERICUM ALPESTRE HA KOJIMHYECTBO IL-2 B MOJIEJISIX PAKA
IN VITRO U IN VIVO

Poct 3abomeBaemMocTr pakoM B APMEHHH U BO BCEM MHPE ABJISIETCS] CEPbE3HOM
MpoOIIEMOM, a XUMHOTEPAIIEBTUIECKIE BMEIIATEIbCTBA, KOTOPBIE UCTIOIB3YIOTCS B
TEpalmMyd paka ¥ YaCTHYHO OKAa3hIBAIOT TepameBTHUYCCKUN 3PQeKT, yacto
CONPOBOXKAAIOTCS pa3pyLICHUEM HOPMANbHBIX KJIETOK opraHuszma. l[losTomy
HE0OXOAMMO HAWTH HOBBIC abTEPHATHBHBIC METONBI JICUCHHUS, KOTOPHIE OYIyT
BBICOKOA((EKTUBHBI W COIPOBOXKIATCS HEOONBIIMM KOJIHMYECTBOM TOOOYHBIX
adexroB. C 3TOMH TOUKHM 3peHHS P TPAB, HCIIOJIBE3YEMBIX B HAPOIHOUW METUIINHE,
MOJXHO paccMaTpuBaTh Kak HOBble, 3((eKTUBHBIC CpEACTBAa JICYCHUS paka,
MMOCKOJIbKY OHHM OKa3bIBAIOT MMMYHOCTUMYJHPYIOIIEE ICUCTBHE Ha OTICIHHBIC
KOMITOHEHThI UMMYHHOU CHCTEMBI YeJIOBeKa. YUHUTHIBAsS BCE ITO, LEIBIO PabOTHI
OBLJI0 N3yUeHNE KOJIMYECTBEHHOT0 N3MEHEHUS MPOAYKIMK HHTepnelikuna-2 (1J1-2)
B KPOBH U OITyXOJISX KPBIC O] BIMSIHIEM PACTHTEIBHBIX YKCTPAKTOB HA IKCIICPH-
MeHTanbHOM Mojaenu [IMBA (7,12-muMeTnnoe3aHTpalieH)-MHIyIHPOBAHHOTO paKa
MOJIOYHOM JKeNe3bl, a TAKXKE B KYJIbType KIETOK paKa MOJOYHOH JKeJe3bl U JETKHX.
Hamu Obl10 MOKa3aHo, 4TO UCHOJB3yeMble pacTenust Hypericum alpestre v Rumex
obtusifolius 06aIal0T XOPOIIO BEIPAKEHHBIM MIPOTHBOPAKOBBIM JICHCTBUEM, ITOBBI-
mast konuaectBo NJI-2 B KpoBU M OIMyXOJSIX KPBIC, & TAKXKe CHIDKAS KOJIMYECTBO
obmeit u QochopunrpoBanHoil  (HocHOUHO3UTON-3-KUHA3BI, KOTOpas WIrpacT
KIJIFOUEBYIO POJIb B Pa3BUTHUH paka. Bce 3TO MOXKET cTaTh OCHOBOM JIJISl TIOTY4YEHUS
HOBBIX JICYEOHBIX MpermapaToB U3 6oiee 3((HEeKTUBHOTO MPUPOTHOTO CHIPHSI.



