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ABSTRACT

Introduction: Teucrium montanum has been traditionally used for immune system strengthen-
ing. However, T cell-related mechanisms of the Teucrium species remain poorly understood. In
this study, we investigated the impact of T. montanum extracts and their fractions in stimulating
proliferation and, more importantly, in differentiation into effectors and memory T cells. Methods:
The dried, aerial part of . montanum was extracted in four different solvents: petroleum ether,
dichloromethane, ethyl acetate, and methanol. A total of 67 fractions were subsequently collected
from the dichloromethane extract in a stepwise gradient system of petroleum ether/acetone fol-
lowed by methanol. An Alamar Blue assay and flow cytometry were employed to characterize
the influence on T cell response by the plant extracts or fractions. Results: The dichloromethane
extract showed promotive effects on the proliferation and activation of total lymphocytes, and
this was more prominent in CD8™ T cells. Among the 67 fractions from the dichloromethane ex-
tract, nine were found to demonstrate pro-proliferative activity. Further testing revealed that three
methanolic or acetone subfractions out of the nine fractions were able to either promote effec-
tor/effector memory differentiation of primed CD8™ T cells or skew the T cells into a central mem-
ory phenotype. Conclusion: Our results suggest that 7. montanum can drive proliferation of T cells
and regulate the development of effector and memory populations, apparently corroborating the
reported immunological benefits of T. montanum.

Key words: Teucrium montanum extract, fraction, cell proliferation, T-cell differentiation, Tcm,
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INTRODUCTION

Teucrium L., a large genus of perennial plants in the
family Lamiaceae, is well known for its ability to pre-
vent and cure a variety of illnesses. So far, more than
300 Teucrium species have been discovered globally.
In particular, T. montanum L. has been used in tra-
ditional medicine since ancient times. Its numer-
ous pharmacological activities are linked to a vari-
ety of purported beneficial effects regarding the inhi-
bition of oxidative stress, proinflammatory response,
allergenic reaction, microbial infection, insect infes-
tation, and malignancy!~7. It has also been used to
treat cutaneous and pulmonary tuberculosis®. For
these reasons, it is considered to be a viable thera-
peutic option for various kinds of ailments and disor-
ders, including cardiovascular disease, neurodegener-
ative disease, intestinal spasms, diarrhea, rheumatoid
arthritis, inflammatory bowel disease, diabetes, and
hyperlipidemia®!'. T. montanum acts as a healing
herb and is capable of protecting from microbial in-
fection, cirrhosis, and cancer, particularly in the res-

piratory and digestive tracts "12-1°, Notably, it has

demonstrated strong antiproliferative activity, induc-
ing early apoptosis of tumor cells as opposed to pro-
moting apoptosis in the late stage as in the case of T.
polium, for example?.

One of the most prominent effects of T. montanum
is its ability to strengthen the immune system .
T. montanum has commonly been used, often in the
form of infusion, for its remarkable medicinal bene-
fits 1718, It is well known for being particularly rich
in polyphenol antioxidants, which have a strong cyto-
protective activity and have the capacity to raise im-
munity levels®1°. Its methanolic extracts have been
found to be capable of targeting tumors while preserv-
ing resting or activated immune cells in the periph-
eral blood, thereby strengthening the immune sys-
tem’s response against cancer or reinforcing cancer
immunotherapy2?. Studies have also shown that T.
montanum contains a significant amount of the es-
sential minerals that are important for supporting and
boosting immune function?!. How immune cells are
mechanistically involved in response to T. montanum
stimulation remains unknown. Investigation of the
immunological effects of other Teucrium species, such
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as T. polium and T. ramosissimum, has shown remark-
able effects on lymphocytes or T cells with respect
to their proliferative and activation capabilities 2223,
leading us to hypothesize that T. montanum may be
able to stimulate the immune system during the prim-
ing phase of T cells. Based on the fact that the CD8*
subset represents the primary effector T cells partic-
ipating in protective immunity, we chose to examine
T. montanum extracts and chromatography fractions
for their immunological activity in activation and dif-
ferentiation of CD8™ T cells from naive repertoire.

CD8™ T cells play a central role in cellular immu-
nity, offering both primary and memory protection
against infection and cancer 2427, Antigenic stimu-
lation through T cell receptors not only leads to pro-
liferation and differentiation of naive cells into effec-
tor cells, but also results in the formation of memory
cells that retain the ability to mediate recall responses.
Both effector and memory T cells can be generated
simultaneously, while the memory population can
emerge even before the response reaches its maxi-
mum, and can also be derived from a small fraction of
early effector cells?®. In order to combat microbial in-
fection or cancer, which can be an overwhelming sys-
temic, and often life-threatening, disease, the induc-
tion of memory T cells providing persistent immune
surveillance is essential. Effector/effector memory T
cells that recirculate between blood and nonlymphoid
tissues are positioned to mobilize to sites of inflamma-
tion2?, while central memory T cells (Tcm) primarily
circulate and patrol the blood and lymph 2%; because
of their potential to expand, differentiate, and self-
renew, they are highly desirable for controlling sys-

3031 1In this study, lym-

temic infection and cancer
phocytes from naive mice were used to test various
extracts and fractions obtained from T. montanum to
assess their effects on cell proliferation and their po-

tential to regulate T-cell differentiation.

METHODS

General experimental procedures

Column chromatography was performed using a sil-
ica gel (200-300 mesh, Qingdao Marine Chemical
Inc., China) and MCI gel HP-20 (75-150 um, Mit-
subishi Chemical Co., Ltd., Japan). Analytical high-
performance liquid chromatography (HPLC) was
performed on a Shimadzu LC-20AT instrument using
aYMC C;g column (250 x 4.6 mm, 5 m) with a flow
rate of 1.0 mL/min, and with the gradient program
of MeCN/H,O set to 10:90 (t = 0 min), 60:40 (t = 40
min), 60:40 (t = 45 min), 10:90 (t = 50 min), and 10:90
(t =55 min). HPLC-grade acetonitrile, methanol, and
other analytical grade reagents were purchased from
Beijing Chemical Reagent Co., Ltd. (Beijing, China).
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Plant Material

The plant Teucrium montanum L. was collected in
Rtanj, Serbia (GPS: E 21.92658400, N 43.76136400),
in August 2018. The plant material was identified by
Prof. Z. Daji¢ Stevanovi¢ and taxonomically inter-
preted according to Euro+Med Plantbase and Flora
of Serbia (Josifovi¢ 1970-1986) databases. An herbar-
ium voucher (RS-030718-1) was deposited at the De-
partment of Agricultural Botany in the Faculty of
Agriculture, University of Belgrade.

Preparation of extracts and fractions

The aerial parts of T. montanum (10 kg) plants were
air-dried, chopped, and extracted three times (2 h
each) with 95% EtOH under reflux conditions. The
EtOH extract was evaporated to almost dryness in
vacuo, and the resulting residue (1040 g) was redis-
solved in MeOH, and mixed with Si gel (1500 g, 200—
300 mesh). After removing MeOH, the dry mixture
was extracted in a Soxhletanalytical-grade extractor
(100 x 15 cm) successively with petroleum ether (PE,
8.0 L), dichloromethane (DM, 8.0 L), ethyl acetate
(EA, 8.0 L), and methanol (MT, 8.0 L) under reflux
conditions. The PE, DM, EA, and MT extracts were
then evaporated to dryness under reduced pressure.
The yields of the extracts were: PE, m = 187 g DM, m
=90 g EA, m = 105 g, and MT, m = 400 g. The DM
portion (90 g) was subjected to Si gel column chro-
matography (80 x 8 cm, 200-300 mesh) and eluted
with a petroleum ether/acetone (10:--1:1, v/v) gra-
dient system to yield thirteen fractions, IVA-A1~AS8,
IVA-B, IVA-C, IVA-D, IVA-E, and IVA-FE on the basis
of TLC analysis. Fraction IVA-B (10 g), eluted with
PE-acetone (8:1), was further fractionated by MCI gel
HP-20 chromatography and eluted with a step gradi-
ent of MeOH-H, O (40:60, 60:40, 80:20, and 100:0 v/v)
to give 10 subfractions, named IVA-B1~B10. Fraction
IVA-C (9 g) was eluted with PE-acetone (6:1), frac-
tionated by MCI gel HP-20 chromatography, and then
eluted with a step gradient of MeOH-H,O (40:60,
60:40, 80:20, and 100:0 v/v) and acetone to yield 17
subfractions, named IVA-C1~Cl17. Similarly, frac-
tion IVA-D (8 g) was eluted with PE-acetone (5:1),
fractionated by MCI gel HP-20 chromatography, and
eluted with a step gradient of MeOH-H,O (40:60,
60:40, 80:20, and 100:0 v/v) and acetone to yield 14
subfractions, named IVA-D1~D14. IVA-E (8.5 g) was
eluted with PE-acetone (3:1), fractionated by MCI gel
HP-20 chromatography, and eluted with a step gra-
dient of MeOH-H, O (40:60, 60:40, 80:20, and 100:0
v/v) and acetone to yield 14 subfractions, named IVA-
E1~E14. The last fraction, IVA-F (3.3 g), was eluted
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with PE-acetone (2:1), fractionated by MCI gel HP-
20 chromatography, and eluted with a step gradient
of MeOH-H;O (40:60, 80:20, and 100:0 v/v) to yield
four subfractions, IVA-F1~F4 (Figure 1).

Cells and reagents

Primary splenocytes were isolated from 6-8-week-old
C57BL/6 mice purchase from the Institute of Lab-
oratory Animal Sciences (CAMS&PUMC, Beijing,
China). Research was conducted in accordance with
all institutional guidelines and ethics and approved by
the Laboratories Institutional Animal Care and Use
Committee of the Chinese Academy of Medical Sci-
ences and Peking Union Medical College. All experi-
mental protocols were reviewed and approved by the
Institute of Materia Medica Animal Authorities (No.
00003375).

Alamar Blue (Cat. No. DAL1025) was purchased
from Thermo (Waltham, USA) and antibodies for
flow cytometry were purchased from BioLegend,
eBioscience (San Diego, USA) or Signaling Technol-
ogy (Danvers, USA) unless otherwise noted.

Alamar Blue assay

Splenocytes were re-suspended in RPMI medium
(supplemented with 10% FBS, 1% penicillin
and streptomycin, 10 mM HEPES, 1 mM glu-
tamine, 1 mM sodium pyruvate and 55 uM
B-mercaptoethanol) to prepare single cell sus-
pensions and plated in 96-well U-button plates in
concentrations of 2x107 cells/well under standard
conditions (5% CO2, 95% humidity, 37 °C). At 41 h
post-stimulation, the cells were incubated with 5%
Alamar Blue (v/v)32 for 7 h prior to measuring the
fluorescence intensities at 566 nm excitation and 586
nm emission using an Enspire Microplate Reader
(Perkin Elmer).

In vitro activation of lymphocytes

Splenocytes were incubated with ACK lysis buffer
for 5 min to remove erythrocytes. Cells cultured
in RPMI-1640, supplemented with 10% fetal bovine
serum, penicillin (100 U/mL), streptomycin (100
mg/mL), and IL-2 (100 U/mL) (Peprotech) at 37 °Cin
5% CO,, were stimulated with anti-CD3 (clone 145-
2C11, 5 pg/ml, BioLegend) and anti-CD28 (clone
37.51, 2.5 ug/ml, BioLegend) mAbs for three days.
Plant crude extracts or fractions were added to the
culture at the beginning of experiments.

In vitro proliferation assay

Splenocytes were labeled with CFSE (10 uM, Sigma,
USA) at 37 °C for 5 min. After removing excess CFSE,

cells were cultured in a 96-well, round-bottom plate
with 2x10° cells in complete RPMI 1640 medium
supplemented with HEPES (10 mM), sodium pyru-
vate (1 mM), and 2-mercaptoethanol (55 uM) for 48
h before flow cytometry analysis.

Flow cytometry

Fluorescent dye-labeled antibodies against cell-
surface markers CD8 (53-6.7), CD44 (IM7), CD62L
(MEL-14), and CD69 (H1.2F3) were used for flow
cytometry analysis. Prior to all flow cytometry
staining, FcyIII/IT receptors were blocked by incu-
bating cells with anti-CD16/32 (2.4G2). All samples
were acquired on a FACSVerse cytometer (Becton
Dickson, USA) and data analysis was performed

using FlowJo (TreeStar, USA).

Statistics

Statistical analyses and a Pearson’s correlation test
were performed using GraphPad Prism 8 software.
Comparisons among means of more than two groups
were conducted with through one-way ANOVA with
Tukey’s post-hoc test. P values less than 0.05 were
considered statistically significant.

RESULTS

Preparation of the four extracts from T.
montanum and fractionation of the IVA-DM
extract

Since T. montanum preparations usually consist of
several dozen compounds, with few forming a suffi-
cient majority to simply exert their effects singularly®,
we tested different T. montanum extracts and frac-
tions for their immunological effects on lymphocytes.
As shown in the designed flowchart for the extraction
and fractionation of T. montanum (Figure 1), four ex-
tracts of petroleum ether (IVA-PE), dichloromethane
(IVA-DM), ethyl acetate (IVA-EA), and methanol
(IVA-MT) from the aerial part of T. montanum were
prepared (Figure 1A). Then, the lipid-soluble extract
of IVA-DM was separated by silica gel column chro-
matography (Figure 1B) and fractionated by MCI
gel HP-20 column chromatography to produce 67
fractions from all six crude fractions, IVA-A, IVA-B,
IVA-C, IVA-D, IVA-E, and IVA-F (Figure 1C-G). The
HPLC analyses of the bioactive extract IVA-DM and
its chromatography fractions are shown in Figs. S1-
$10.

T. montanum dichloromethane extract
shows pro-proliferative activity

To determine the immunoactivity of T. montanum,
we used Alamar Blue to assess the growth of lym-
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A
| Aerial part of Teucrium montanum (10 Kg) |
extracted with 95% EtOH
| 95% EtOH extract (VA, 1040g) | Teucrium montanum
reextracted in a Soxhlet extractor successively with
petroleum ether, dichloromethane, ethyl acetate, and methanol, reflux.
Petroleum ether extract
(IVA-PE, 187 g)
B

silica gel chromatography (P.E.-Me,CO 10:1-2:1)

= T Cra (R Er R

IVA-A1 (0.39 g) IVA-A5 (1.40 g) IVA-B IVA-C IVA-D IVA-E IVA-F
IVA-A2 (1.30 g) IVA-A6 (1.33 g) (10g) 99 89) (8.59) (339)
IVA-A3 (0.99 g) IVA-A7 (3.89 g)
IVA-A4 (0.34 g) IVA-A8 (1.62 )
C IVA-B (10 g)
MCI gel HP-20 chromatography (MeOH-H,0)
40% MeOH 60% MeOH l 80% MeOH l 100% MeOH
IVA-B1 (0.1 g) IVA-B2 (0.09 g) IVA-B4 (0.05 g) IVA-B7 (2.10 g)
IVA-B3 (0.14 g) IVA-B5 (0.47 g) IVA-B8 (0.54 g)
IVA-B6 (0.23 g) IVA-B9 (0.33 g)
IVA-B10 (0.73 g)

D

MCI gel HP-20 chromatography (MeOH-H,0, Me,CO)

l 40% MeOH l 60% MeOH l 80% MeOH l 100% MeOH l Me,CO
IVA-C1(0.13 g) IVA-C4 (0.10 g) IVA-C8 (0.29 g) IVA-C11 (0.52 g) IVA-C16 (0.21 g)
IVA-C2 (0.03 g) IVA-C5 (0.24 g) IVA-C9 (0.10 g) IVA-C12 (1.04 g) IVA-C17 (0.15 g)
IVA-C3 (0.02 g) IVA-C6 (0.04 g) IVA-C10 (0.16 g) IVA-C13 (1.42 g)

IVA-C7 (0.12 g) IVA-C14 (0.16 g)
IVA-C15 (0.39 g)

E IVA-D (8 g)

MCI gel HP-20 chromatography (MeOH-H,0, Me,CO)

l 40% MeOH i 60% MeOH l 80% MeOH l 100% MeOH l Me,CO
IVA-D1 (0.10 g) IVA-D3 (0.25 g) IVA-D6 (0.65 g) IVA-D8 (1.20 g) IVA-D14 (0.78 g)
IVA-D2 (0.14 g) IVA-D4 (0.40 g) IVA-D7 (4.0 g) IVA-D9 (0.87 g)

IVA-D5 (0.21 g) IVA-D10 (2.32 g)

IVA-D11 (0.95 g)
IVA-D12 (0.52 g)
IVA-D13 (0.21 g)

F

MCI gel HP-20 chromatography (MeOH-H,0, Me,CO)

l 40% MeOH l 60% MeOH l 80% MeOH l 100% MeOH l Me,CO
IVA-E1 (0.04 g) IVA-E4 (0.39 g) IVA-E6 (0.75 g) IVA-E11 (0.65 g) IVA-E14 (0.65 g)
IVA-E2 (0.09 g) IVA-E5 (0.55 g) IVA-E7 (0.36 g) IVA-E12 (0.87 g)

IVA-E3 (0.10g) IVA-E8 (0.80 g) IVA-E13 (0.20 g)

IVA-E9 (0.67 g)
IVA-E10 (1.09 g)

MCI gel HP-20 chromatography (MeOH-H,0)

40% MeOH 80% MeOH i 100% MeOH

IVA-F1(0.85 g) IVA-F2 (1.37 g) IVA-F4 (0.92 g)
IVA-F3 (1.10 g)

Figure 1: Flowchart of methods for extraction and fractionation from T. montanum. (A) Preparation of the four
extracts of petroleum ether, dichloromethane, ethyl acetate, and methanol from the aerial part of T. montanum.
Photo courtesy of Bojan K. Zlatkovi¢. (B) Fractionation of IVA-DM by silica gel column chromatography. (C-G)
Sub-fractionation of the IVA-DM fraction. IVA-DM was further fractionated into IVA-B (C), IVA-C (D), IVA-D (E), IVA-E
(F), and IVA-F (G), respectively, by MCI gel HP-20 column chromatography.
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phocytes upon stimulation with the various pre-
fractionated extracts of the plant. Increased lympho-
cyte numbers were observed after 48 h of stimula-
tion with IVA-DM (Figure 1). The CFSE-based pro-
liferation assay confirmed that cells proliferated in re-
sponse to IVA-DM, but not to any other extracts, such
as IVA-PE, IVA-EA, or IVA-MT. These results suggest
the presence of pro-proliferative ingredients in the T.
montanum extracts.

We then screened all 67 fractions generated from
chromatographically fractionated IVA-DM for pro-
proliferative activities using the Alamar Blue assay
and identified nine fractions with dose-dependent cell
growth-promoting activity, as indicated in Figure 3.
These included fractions separated into petroleum
ether/acetone at ratios of 8:1 (IVA-BS, -B9, and -
B10), 6:1 (IVA-C13, -C14, -C15, and -C16), 5:1 (IVA-
D13), and 3:1 (IVA-E13), respectively. None of the
other fractions, such as the IVA-A, IVA-D, and IVA-
F groups, were found to have the same effect. It is
possible that several IVA-DM fractions interacted to-
gether and each contributed to part of the overall pro-
proliferative activity for T. montanum.

T. montanum extract IVA-DM activates
naive CD8™ T cells

CD8™ T cells play a central role in host immune re-
sponse. Here, we evaluated how this type of cell re-
sponded to IVA-DM. CFSE-based analysis revealed
that, compared to the CD8 ™ T cell population, CD8 ™"
T cells proliferated selectively in response to IVA-DM,
while other extracts, such as IVA-EA, showed no po-
tential to stimulate cell proliferation (Figure 4A). The
data indicate that the T. montanum extract IVA-DM
effectively stimulated CD8™ T cells to proliferate. We

then assessed whether IVA-DM is capable of acti-
vating CD8™ T cells by measuring the expression of
CD69, an early activation marker on the surface of T
cells. Flow cytometric analysis showed a significant
dose-dependent increase in CD69 expression and in
the percentage of CD69™ cells in the CD8™ popula-
tion 48 h after IVA-DM stimulation, whereas there
was no CD69 upregulation by IVA-EA (Figure 4 B).
As CD44 is a cell surface adhesion molecule that plays
an important role in T-cell activation, we then exam-
ined whether IVA-DM could stimulate CD44 expres-
sion. Figure 4 C demonstrated that the percentage of
cells expressing CD44 markedly increased in CD8*
T cells following IVA-DM treatment, unlike IVA-EA,
reaffirming the activity of T. montanum IVA-DM on
T-cell activation.

Some IVA-DM fractions enable a greater
proportion of effector/effector memory dif-
ferentiation of primed CD8" T cells

We next explored whether the nine IVA-DM im-
munoreactive fractions could regulate the expres-
sion of CD44 and CD62L during the engagement
of T-cell receptors. ~Among the nine fractions
with proliferation-promoting activity, three of the
100% methanol-yielded fractions, IVA-B8, -B9, and
-D13, and the only acetone fraction, IVA-C16, were
able to upregulate CD44 expression dramatically
(Figure 5A). Of the remaining five fractions collected
from 100% methanol, IVA-B10 and -E13 failed to up-
regulate CD44 (Figure 5A), while -C13, -C14 and -
C15, which appeared to stimulate the highest cell pro-
liferation, did not produce enough cells for analysis,
presumably because of an inhibitory effect on cells ac-
tivated by T-cell receptor engagement. Furthermore,
we found that IVA-D13 induced a higher expression
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Figure 3: Nine of the IVA-DM fractions exhibit pro-proliferative activity. Splenic lymphocytes were isolated
from naive mice and the Alamar Blue assay was used for screening 67 IVA-DM fractions separated in silica gel
column chromatography and eluted with a petroleum ether/acetone gradient 10:1 (A, IVA-A1-A8), 8:1 (B, IVA-
B1-B10), 6:1 (C, IVA-C1-C17), 5:1 (D, IVA-D1-D14), 3:1 (E, IVA-E1-E14), and 2:1 (F, IVA-F1—F4). Asterisks denote
statistical significance compared to untreated controls (***p < 0.001). Data are shown as Mean + SEM.

of CD62L, whereas the rest of the IVA-DM fractions
did not demonstrate such effects (Figure 5 B).

CD44 and CD62L, as regulators of cell adhesion and
migration, are essential in recruiting and activat-
ing effector and memory T cells. This prompted
us to explore the role of these fractions in the dif-
ferentiation of effector/effector memory (Teft/Tem)
and central memory (Tcm) CD8™ T cells defined by
CD447CD62L~ and CD447CD62L™T, respectively.
At 10 pg/ml, IVA-BS, -B9, and -C16 led to a signif-
icantly increased percentage of Teff/Tem, while IVA-

6028

B10 and -E13 demonstrated no significant changes to
the Teff/Tem population (Figure 5 C).

It has been demonstrated that there
intermediate-stage cell type, referred to as
CD44 CD62L" pre-effector T cells, that are in-
volved in differentiation from naive to Teff/Tem33

is an

It seems very likely that the reduction of pre-effector
T cells (Tpe) could be a consequence of enhanced
Teft/Tem differentiation.
vestigate the changes of Tpe following stimulation.

We thus sought to in-

Compared to a3/28 only, all Teff/Tem-promoting
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fractions (IVA-B8, -B9, and -C16 at 10 pg/ml) were
able to drastically lower the Tpe subset. Furthermore,
IVA-B10 and -E13 also inhibited Tpe, but not as
much as the above four fractions. Thus, it is possible
that the Tpe population reduced by IVA-B8, -B9,
and -C16 could be related to increased Teff/Tem
differentiation (Figure 5 C).

Certain IVA-DM fractions facilitate Tcm for-
mation

In contrast to IVA-B8, -B9, and -C16, 10 ug/ml of
IVA-D13 induced formation of more Tcm and a re-
sulted in a substantially decreased proportion of Tpe
(Figure 5C). Thus, we reasoned that IVA-B10 and -
E13 were unable to induce CD8" T-cell differenti-
ation at a lower dose, and therefore, that stimula-
tion with a higher dose may be warranted. How-
ever, when the dose was increased to 30 pg/ml, ob-
vious cytotoxicity was produced by IVA-B10 but not

IVA-E13, which was then able to elevate the expres-
sion of both CD44 and CD62L (Figure 6A). At this
higher dose, IVA-E13 induced a significantly greater
proportion of Tcm with a greatly reduced percentage
of Tpe. Additionally, Tem was also substantially de-
creased (Figure 6 B). In sum, our findings demon-
strate that the dichloromethane fractions IVA-BS, -
B9, and -C16 were able to stimulate Tem differenti-
ation, in contrast to IVA-D13 and -E13, which were
capable of inducing Tcm formation.

DISCUSSION

We demonstrate in the present study that the
dichloromethane extract IVA-DM of T. montanum
obtained from the Balkans was able to stimulate lym-
phocyte proliferation. The pro-proliferative effect
could largely be attributed to a number of methano-
lic or acetone fractions of the dichloromethane ex-

tract that stimulate lymphoproliferation more effec-
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tively. More importantly, our study reveals previously
unidentified immunological roles of T. montanum in
T cell immunity, that is, the ability to modulate the ef-
fector and memory differentiation of T cells. A lower
dose of fractions IVA-BS, -B9, -C16, (three out of the
nine fractions with proliferation-promoting activity)
enhanced CD8" Teff/Tem differentiation. Fraction
IVA-D13 at a lower dose and fraction IVA-E13 at a
higher dose both promoted the development of Tcm.
However, IVA-E13 also suppressed the formation of
Teff/Tem when the dose increased, while IVA-D13 did
not, which may suggest that IVA-E13 is capable of cre-
ating a state of balance between the two T cell sub-
sets. Notably, T. montanum-derived essential oil has
been shown to be inhibitory to proinflammatory T
cells >34,

Indeed, CD8™ T cells become committed to prolifer-
ation and differentiation as an essential feature of the
adaptive immunity, through which multiple distinct
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subsets are created to meet the requirements for the
full execution of various specialized functions3®. In-
creased effector memory differentiation could be ad-
vantageous, as recirculation of Teft/Tem cells through
nonlymphoid tissues is essential for an immediate re-
sponse because it leads to long-lived tissue memory
T cells.
quisition of cytolytic activity; however, effector T cells

Effector differentiation results in T cell ac-

also exert a profound pro-inflammatory influence on
the host immune response. Although inflammation
is necessarily essential for pathogen clearance, it can
also cause tissue damage when present in excess>®.
Increased Tem differentiation could thus be benefi-
cial, as it is less cytotoxic and has higher proliferative
and differentiation abilities than effectors in recall re-
sponse”. Thus, it is feasible that elevated expression
of CD62L promoted by IVA-E13 could enhance the
quality of Tcm, leading to increased repopulating abil-
ity for the control of disease both systemically and lo-
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cally in the tissue.

Some immunoactive substances have been implicated
in many Teucrium species studied 33, Methanolic,
aqueous, and total flavonoid extracts of T. ramosis-
simum have been found to induce splenocyte pro-
liferation and enhance LPS-induced proliferative re-
sponse 22, Phenolic acids and flavonoids contained in
T. polium and T. scordium methanolic extracts may
have antimutagenic and proapoptotic effects, protect-
ing lymphocytes from mitomycin C-induced geno-
toxicity 40,

In general, both phenolic acids and flavonoids can

be extracted efficiently with dichloromethane.
Additionally,  terpenoids are also found
in dichloromethane extracts 4142, and

methanol/dichloromethane extraction of signif-
icant amounts of phenolic and terpene compounds
from T. chamaedrys has been reported®3. T
montanum essential oil, in particular, is known
744 Therefore, further

investigation will be required to focus on identi-

to be rich in terpenoids

fying active compounds from the four fractions
of the dichloromethane extract of T. montanum
in order to facilitate development of a novel class
of herbal medicines for T-cell based vaccine or
immunotherapy.

CONCLUSIONS

We demonstrated in vitro lymphocyte proliferation-
promoting activity of the dichloromethane fractions
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from T. montanum, and finding a number of its frac-
tions to have considerable effector- and memory-
differentiating effects on CD8™ T cells. Immunolog-
ically active compounds will need to be identified in
the fractions that appear to skew T cells toward more
Tem than Tem.

ABBREVIATIONS

DM: dichloromethane, EA: ethyl acetate, MFI: mean
fluorescence intensity, MT: methanol, PE: petroleum
ether, RFU: relative fluorescence unit, Tcm: central
memory T cell, Teff: effector T cell, Tem: effector
memory T cell, Tpe: pre-effector T cell

ACKNOWLEDGMENTS

None.

AUTHOR’S CONTRIBUTIONS

Conceptualization, S.Y, SM., Z.D.S., and QZ;
methodology, S.M., J.L, Z.D.S., and Q.Z.; validation,
Z.DS, SM,, J.L, and Q.Z.; formal analysis, Z.D.S,
S.M,, JL.,, and Q.Z; investigation, S.M., J.L., YW,
MW, M.L.,C.G,LZ.,Y.L, YL, and Z.D.S.; data cu-
ration, Z.D.S., S.M., and ].L.; writing—original draft
preparation, J.L. and S.M.; writing—review and edit-
ing, Q.Z. and S.Y,; supervision, Q.Z. and S.Y.; funding
acquisition, S.Y., N.A., N.T., Z.D.S, and Q.Z. All au-
thors have read and agreed to the published version
of the manuscript.

FUNDING

This work was supported by the National Natural Sci-
ence Foundation of China (81871784, 82171822), The
National High Technology Research and Develop-
ment Program of China (2017YFE0112900), Beijing
Key Laboratory of New Drug Mechanisms and Phar-
macological Evaluation Study Project (BZ0150), and
Yunnan Science and Technology Talent and Platform
Program (202105AG070012).

AVAILABILITY OF DATA AND
MATERIALS

Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

6032

COMPETING INTERESTS

The authors declare that they have no competing in-
terests.

REFERENCES

1. Vukovic N, Milosevic T, Sukdolak S, Solujic S. Antimicrobial
Activities of Essential Oil and Methanol Extract of Teucrium
montanum. Evidence-Based Complementary and Alternative
Medicine. 2007;4(s1):17-20. PMID: 18227926. Available from:
https://doi.org/10.1093/ecam/nem108.

2. Stankovic MS, Curcic MG, Zizic JB, Topuzovic MD, Solujic SR,
Markovic SD. Teucrium plant species as natural sources of
novel anticancer compounds: antiproliferative, proapoptotic
and antioxidant properties. International Journal of Molecu-
lar Sciences. 2011;12(7):4190-205. PMID: 21845072. Available
from: https://doi.org/10.3390/ijms12074190.

3. Stankovi¢ MS, Zlati¢ NM. Ethnobotany of Teucrium Species.
Ethnobotany: CRC Press; 2019. CRC Press; 2019.

4. Stankovic MS, Niciforovic N, Topuzovic M, Solujic S.  To-
tal Phenolic Content, Flavonoid Concentrations and Antiox-
idant Activity, of The Whole Plant and Plant Parts Extracts
fromTeucrium MontanumL. Var.Montanum, F.Supinum(L.)
Reichenb. Biotechnology, Biotechnological Equipment.
2014;25(1):2222-7. Available from: https://doi.org/10.5504/
BBEQ.2011.0020.

5. Arcus M, Schroder V. Phytochemical resources on Thymus sto-
janovii degen. Species (labiatae). Annals of the Romanian So-
ciety for Cell Biology. 2017;22(1):1-9.

6. PavelaR, Benelli G, Canale A, Maggi F, Martonfi P. Exploring es-
sential oils of Slovak medicinal plants for insecticidal activity:
the case of Thymus alternans and Teucrium montanum subsp.
jailae.  Food and Chemical Toxicology. 2020;138:111203.
PMID: 32074491. Available from: https://doi.org/10.1016/j.fct.
2020.111203.

7. Catinella G, Badalamenti N, llardi V, Rosselli S, Martino LD,
Bruno M. The Essential Oil Compositions of Three Teucrium
Taxa Growing Wild in Sicily: HCA and PCA Analyses. Molecules
(Basel, Switzerland). 2021;26(3):643. PMID: 33530639. Avail-
able from: https://doi.org/10.3390/molecules26030643.

8. Jari¢ S, Mac-Joci¢ M, Djurdjevic L, Mitrovi¢ M, Kosti¢ O, Karad¢
B. An ethnobotanical survey of traditionally used plants
on Suva planina mountain (south-eastern Serbia). Journal
of Ethnopharmacology. 2015;175:93-108. PMID: 26375774.
Available from: https://doi.org/10.1016/j.jep.2015.09.002.

9. ¢ Brunet J, Djilas SM, Cetkovi¢ G, Tumbas V, Mandic Al, ¢ V.
Antioxidant activities of different Teucrium montanum L. Ex-
tracts. International Journal of Food Science {&amp;lamp;
Technology. 2006;41(6):667-73. Available from: https://doi.
org/10.1111/1.1365-2621.2006.01133.x.

10. Djilas SM, Markov SL, Cvetkovi¢ DD, Canadanovi¢-Brunet JM,
Cetkovi¢ GS, Tumbas VT.  Antimicrobial and free radical
scavenging activities of Teucrium montanum. Fitoterapia.
2006;77(5):401-3. PMID: 16797876. Available from: https:
//doi.org/10.1016/j.fitote.2006.05.019.

11. Vlase L, Benedec D, Hanganu D, Damian G, Csillag |, Sevastre
B. Evaluation of antioxidant and antimicrobial activities and
phenolic profile for Hyssopus officinalis, Ocimum basilicum
and Teucrium chamaedrys. Molecules (Basel, Switzerland).
2014;19(5):5490-507. PMID: 24786688. Available from: https:
//doi.org/10.3390/molecules19055490.

12. Redzic S. Wild medicinal plants and their usage in tradi-
tional human therapy (Southern Bosnia and Herzegovina, W.
Balkan). Journal of Medicinal Plants Research. 2010;4:1003-
27.

13. Dini¢ J, Novakovi¢ M, Pesi¢ M. Ozturk M, Egamberdieva D,
Pesi¢ M, editors. Potential for cancer treatment: natural prod-
ucts from the Balkans. Academic Press; 2020. Available from:
https://doi.org/10.1016/B978-0-12-819541-3.00009- 8.


https://www.ncbi.nlm.nih.gov/pubmed/18227926
https://doi.org/10.1093/ecam/nem108
https://www.ncbi.nlm.nih.gov/pubmed/21845072
https://doi.org/10.3390/ijms12074190
https://doi.org/10.5504/BBEQ.2011.0020
https://doi.org/10.5504/BBEQ.2011.0020
https://www.ncbi.nlm.nih.gov/pubmed/32074491
https://doi.org/10.1016/j.fct.2020.111203
https://doi.org/10.1016/j.fct.2020.111203
https://www.ncbi.nlm.nih.gov/pubmed/33530639
https://doi.org/10.3390/molecules26030643
https://www.ncbi.nlm.nih.gov/pubmed/26375774
https://doi.org/10.1016/j.jep.2015.09.002
https://doi.org/10.1111/j.1365-2621.2006.01133.x
https://doi.org/10.1111/j.1365-2621.2006.01133.x
https://www.ncbi.nlm.nih.gov/pubmed/16797876
https://doi.org/10.1016/j.fitote.2006.05.019
https://doi.org/10.1016/j.fitote.2006.05.019
https://www.ncbi.nlm.nih.gov/pubmed/24786688
https://doi.org/10.3390/molecules19055490
https://doi.org/10.3390/molecules19055490
https://doi.org/10.1016/B978-0-12-819541-3.00009-8

Biomedical Research and Therapy 2023,

10(11):6023-6034

14.

20.

21.

22.

23.

24,

25.

26.

Nikodijevi¢ D, Milutinovi¢ M, Cvetkovi¢ D, Stankovi¢ M, ¢
MN, Markovi¢ S. Effects of Teucrium Polium L. and Teu-
crium Montanum L. extracts on mechanisms of apoptosis in
breast and colon cancer cells. Kragujevac. Journal of Science.
2016;38(38):147-59. Available from: https://doi.org/10.5937/
KgJSci1638147N.

. Zivanovic NM, Stojanovic ZA, Cvetkovic MD, Milutinovi¢ GM,

Stankovi¢ SM, Markovic DS. Effects of Teucrium spp.: extracts
on migratory potential and redox status of human colon SW-
480 and breast MDA-MB-231 cancer cells. Kragujevac. Journal
of Science. 2016;(38):161-72. Available from: https://doi.org/
10.5937/KgJScil638161Z.

. Jari¢ S, Mitrovi¢ M, Pavlovi¢ P. Ethnobotanical Features of Teu-

crium Species. In: Stankovi¢ M, ed. Teucrium Species: Biology
and Applications. Cham: Springer International Publishing;
2020:111-142. Available from: https://doi.org/10.1007/978-3-
030-52159-2_5.

. Zlatkovi¢ BK, Bogosavljevi¢ SS, Radivojevi¢ AR, Pavlovi¢ MA.

Traditional use of the native medicinal plant resource of Mt.
Rtanj (Eastern Serbia): ethnobotanical evaluation and com-
parison. Journal of Ethnopharmacology. 2014;151(1):704-13.
PMID: 24296087. Available from: https://doi.org/10.1016/j.jep.
2013.11.037.

. Janackovi¢ P, Gavrilovi¢ M, Mileti¢ M, Radulovi¢ M, Kolasinac

S, Stevanovi¢ ZD. Small regions as key sources of traditional
knowledge: a quantitative ethnobotanical survey in the cen-
tral Balkans. Journal of Ethnobiology and Ethnomedicine.
2022;18(1):70. PMID: 36471323. Available from: https://doi.
org/10.1186/513002-022-00566-0.

. Giacomo SD, Percaccio E, GulliM, Romano A, Vitalone A, Maz-

zanti G. Recent Advances in the Neuroprotective Properties
of Ferulic Acid in Alzheimer’s Disease: A Narrative Review. Nu-
trients. 2022;14(18):3709. PMID: 36145084. Available from:
https://doi.org/10.3390/nu14183709.

Stankovi¢ MS, Mitrovi¢ TL, Mati¢ 1Z, Topuzovi¢ MD, Sta-
menkovi¢ SM. New Values of Teucrium species: in Vitro Study
of Cytotoxic Activities of Secondary Metabolites. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca. 2015;43(1):41-6.
Available from: https://doi.org/10.15835/nbha4319746.
Cindri¢ 1), Zeiner M, Glamuzina E, Stingeder G. Elemental char-
acterisation of the medical herbs Salvia officinalis L. and Teu-
crium montanum L. grown in Croatia. Microchemical Jour-
nal. 2013;107:185-9. Available from: https://doi.org/10.1016/j.
microc.2012.06.013.

Sghaier MB, Krifa M, Mensi R, Bhouri W, Ghedira K, Chekir-
Ghedira L. In vitro and in vivo immunomodulatory and
anti-ulcerogenic activities of Teucrium ramosissimum ex-
tracts. Journal of Immunotoxicology. 2011;8(4):288-97. PMID:
21770834. Available from: https://doi.org/10.3109/1547691X.
2011.595741.

Matic S, Popovic S, Baskic D, Todorovic D, Vukovic N,
Stankovic M. Methanolic Extract of Teucrium Polium Exerts
Immunomodulatory Properties in Human Peripheral Blood
Mononuclear Cells. Serbian Journal of Experimental and Clin-
ical Research. 2020;23(4):345-51. Available from: https://doi.
org/10.2478/sjecr-2020-0018.

Hansen SG, Ford JC, Lewis MS, Ventura AB, Hughes CM,
Coyne-Johnson L. Profound early control of highly
pathogenic SIV by an effector memory T-cell vaccine.
Nature. 2011;473(7348):523-7. PMID: 21562493. Available
from: https://doi.org/10.1038/nature10003.

Masopust D, Ha SJ, Vezys V, Ahmed R. Stimulation history dic-
tates memory CD8 T cell phenotype: implications for prime-
boost vaccination. Journal of Immunology (Baltimore, Md:
1950). 2006;177(2):831-9. PMID: 16818737. Available from:
https://doi.org/10.4049/jimmunol.177.2.831.

Arunachalam PS, Charles TP, Joag V, Bollimpelli VS, Scott MK,
Wimmers F. T cell-inducing vaccine durably prevents mucosal
SHIV infection even with lower neutralizing antibody titers.
Nature Medicine. 2020;26(6):932-40. PMID: 32393800. Avail-
able from: https://doi.org/10.1038/s41591-020-0858-8.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Phan-Lai V. Adoptive immunotherapy via CD4+ versus CD8+
T cells. Biomedical Research and Therapy. 2016;3(4):16. Avail-
able from: https://doi.org/10.7603/s40730-016-0016-6.

Obar JJ, Lefrancois L. Early signals during CD8 T cell prim-
ing regulate the generation of central memory cells. Jour-
nal of Immunology (Baltimore, Md: 1950). 2010;185(1):263-
72. PMID: 20519649. Available from: https://doi.org/10.4049/
jimmunol.1000492.

Schenkel JM, Masopust D. Tissue-resident memory T cells. Im-
munity. 2014;41(6):886-97. PMID: 25526304. Available from:
https://doi.org/10.1016/j.immuni.2014.12.007.

Berger C, Jensen MC, Lansdorp PM, Gough M, Elliott C, Rid-
dell SR.  Adoptive transfer of effector CD8+ T cells de-
rived from central memory cells establishes persistent T cell
memory in primates. The Journal of Clinical Investigation.
2008;118(1):294-305. PMID: 18060041. Available from: https:
//doi.org/10.1172/JCI32103.

Cai J, Zhao J, Liu D, Xie H, Qi H, Ma J. Efficacy and Safety
of Central Memory T Cells Combined With Adjuvant Therapy
to Prevent Recurrence of Hepatocellular Carcinoma With Mi-
crovascular Invasion: A Pilot Study. Frontiers in Oncology.
2021;11:781029. PMID: 34926296. Available from: https:
//doi.org/10.3389/fonc.2021.781029.

Pham PV, Truong KD, Do NM, Nguyen ST, Vo PH. Sodium cit-
rate inhibits proliferation and induces apoptosis of hepato-
cellular carcinoma cells. Biomedical Research and Therapy.
2020;7(3):3659-66. Available from: https://doi.org/10.15419/
bmrat.v7i3.592.

Nakajima Y, Chamoto K, Oura T, Honjo T. Critical role of
the CD44lowCD62LIow CD8+ T cell subset in restoring an-
titumor immunity in aged mice. Proceedings of the Na-
tional Academy of Sciences of the United States of America.
2021;118(23):€2103730118. PMID: 34088845. Available from:
https://doi.org/10.1073/pnas.2103730118.

Stankovic MS, Niciforovic N, Topuzovic M, Solujic S.  To-
tal Phenolic Content, Flavonoid Concentrations and Antiox-
idant Activity, of The Whole Plant and Plant Parts Extracts
from Teucrium Montanum L. Var. Montanum, F. Supinum
(L) Reichenb. Biotechnology & Biotechnological Equipment.
2011;25(1):2222-7. Available from: https://doi.org/10.5504/
BBEQ.2011.0020.

Masopust D, Schenkel JM. The integration of T cell migra-
tion, differentiation and function. Nature Reviews Immunol-
ogy. 2013;13(5):309-20. PMID: 23598650. Available from:
https://doi.org/10.1038/nri3442.

Hufford MM, Kim TS, Sun J, Braciale T). Antiviral CD8+ T
cell effector activities in situ are regulated by target cell type.
The Journal of Experimental Medicine. 2011;208(1):167-80.
PMID: 21187318. Available from: https://doi.org/10.1084/jem.
20101850.

Geginat J, Lanzavecchia A, Sallusto F. Proliferation and dif-
ferentiation potential of human CD8+ memory T-cell sub-
sets in response to antigen or homeostatic cytokines. Blood.
2003;101(11):4260-6. PMID: 12576317. Available from: https:
//doi.org/10.1182/blood-2002-11-3577.

Sargin SA, Biiyiikcengiz M. Plants used in ethnomedicinal
practices in Gulnar district of Mersin, Turkey. Journal of Herbal
Medicine. 2019;15:100224. Available from: https://doi.org/10.
1016/j.hermed.2018.06.003.

De Martino L, Coppola R, De Feo V, Caputo L, Fratianni F,
Nazzaro F. Essential Oils Diversity of Teucrium Species. In:
Stankovi¢ M, ed. Teucrium Species: Biology and Applica-
tions. Cham: Springer International Publishing; 2020:179-210.
Available from: https://doi.org/10.1007/978-3-030-52159-2_7.
Milosevi¢-Djordjevic O, Jakovljevi¢ MR, Markovic¢ A, Stankovié¢
M, Ciri¢ A, Marinkovi¢ D. Polyphenolic contents of Teucrium
polium L. and Teucrium scordium L. associated with their pro-
tective effects against MMC-induced chromosomal damage
in cultured human peripheral blood lymphocytes. Turkish
Journal of Biology. 2018;42(2):152-62. PMID: 30814877.
Chizzola R. Volatile compounds from some wild growing aro-
matic herbs of the Lamiaceae from southern France. Plant

6033


https://doi.org/10.5937/KgJSci1638147N
https://doi.org/10.5937/KgJSci1638147N
https://doi.org/10.5937/KgJSci1638161Z
https://doi.org/10.5937/KgJSci1638161Z
https://doi.org/10.1007/978-3-030-52159-2_5
https://doi.org/10.1007/978-3-030-52159-2_5
https://www.ncbi.nlm.nih.gov/pubmed/24296087
https://doi.org/10.1016/j.jep.2013.11.037
https://doi.org/10.1016/j.jep.2013.11.037
https://www.ncbi.nlm.nih.gov/pubmed/36471323
https://doi.org/10.1186/s13002-022-00566-0
https://doi.org/10.1186/s13002-022-00566-0
https://www.ncbi.nlm.nih.gov/pubmed/36145084
https://doi.org/10.3390/nu14183709
https://doi.org/10.15835/nbha4319746
https://doi.org/10.1016/j.microc.2012.06.013
https://doi.org/10.1016/j.microc.2012.06.013
https://www.ncbi.nlm.nih.gov/pubmed/21770834
https://doi.org/10.3109/1547691X.2011.595741
https://doi.org/10.3109/1547691X.2011.595741
https://doi.org/10.2478/sjecr-2020-0018
https://doi.org/10.2478/sjecr-2020-0018
https://www.ncbi.nlm.nih.gov/pubmed/21562493
https://doi.org/10.1038/nature10003
https://www.ncbi.nlm.nih.gov/pubmed/16818737
https://doi.org/10.4049/jimmunol.177.2.831
https://www.ncbi.nlm.nih.gov/pubmed/32393800
https://doi.org/10.1038/s41591-020-0858-8
https://doi.org/10.7603/s40730-016-0016-6
https://www.ncbi.nlm.nih.gov/pubmed/20519649
https://doi.org/10.4049/jimmunol.1000492
https://doi.org/10.4049/jimmunol.1000492
https://www.ncbi.nlm.nih.gov/pubmed/25526304
https://doi.org/10.1016/j.immuni.2014.12.007
https://www.ncbi.nlm.nih.gov/pubmed/18060041
https://doi.org/10.1172/JCI32103
https://doi.org/10.1172/JCI32103
https://www.ncbi.nlm.nih.gov/pubmed/34926296
https://doi.org/10.3389/fonc.2021.781029
https://doi.org/10.3389/fonc.2021.781029
https://doi.org/10.15419/bmrat.v7i3.592
https://doi.org/10.15419/bmrat.v7i3.592
https://www.ncbi.nlm.nih.gov/pubmed/34088845
https://doi.org/10.1073/pnas.2103730118
https://doi.org/10.5504/BBEQ.2011.0020
https://doi.org/10.5504/BBEQ.2011.0020
https://www.ncbi.nlm.nih.gov/pubmed/23598650
https://doi.org/10.1038/nri3442
https://www.ncbi.nlm.nih.gov/pubmed/21187318
https://doi.org/10.1084/jem.20101850
https://doi.org/10.1084/jem.20101850
https://www.ncbi.nlm.nih.gov/pubmed/12576317
https://doi.org/10.1182/blood-2002-11-3577
https://doi.org/10.1182/blood-2002-11-3577
https://doi.org/10.1016/j.hermed.2018.06.003
https://doi.org/10.1016/j.hermed.2018.06.003
https://doi.org/10.1007/978-3-030-52159-2_7
https://www.ncbi.nlm.nih.gov/pubmed/30814877

Biomedical Research and Therapy 2023, 10(11):6023-6034

42.

43.

Biosystems. 2006;140(2):206-10. Available from: https://doi.
org/10.1080/11263500600756587.

Panicker NG, Balhamar SO, Akhlaqg S, Qureshi MM, Rizvi TS, Al-
Harrasi A. Identification and Characterization of the Caspase-
Mediated Apoptotic Activity of Teucrium mascatense and an
Isolated Compound in Human Cancer Cells. Molecules (Basel,
Switzerland). 2019;24(5):977. PMID: 30861999. Available from:
https://doi.org/10.3390/molecules24050977.

Elmastas M, Erenler R, Isnac B, Aksit H, Sen O, Genc N. Iso-
lation and identification of a new neo-clerodane diterpenoid

6034

44,

from Teucrium chamaedrys L. Natural Product Research.
2016;30(3):299-304. PMID: 26264529. Available from: https:
//doi.org/10.1080/14786419.2015.1057583.

Bezi¢ N, Vuko E, Dunki¢ V, Russci¢ M, Blazevi¢ |, Burcul F. An-
tiphytoviral activity of sesquiterpene-rich essential oils from
four croatian teucrium species. Molecules (Basel, Switzer-
land). 2011;16(9):8119-29. PMID: 21937971. Available from:
https://doi.org/10.3390/molecules16098119.


https://doi.org/10.1080/11263500600756587
https://doi.org/10.1080/11263500600756587
https://www.ncbi.nlm.nih.gov/pubmed/30861999
https://doi.org/10.3390/molecules24050977
https://www.ncbi.nlm.nih.gov/pubmed/26264529
https://doi.org/10.1080/14786419.2015.1057583
https://doi.org/10.1080/14786419.2015.1057583
https://www.ncbi.nlm.nih.gov/pubmed/21937971
https://doi.org/10.3390/molecules16098119

	Teucrium montanum extract drives effector and memory differentiation of CD8+ T cells
	Introduction
	Methods
	General experimental procedures
	Plant Material 
	Preparation of extracts and fractions 
	Cells and reagents
	Alamar Blue assay
	In vitro activation of lymphocytes
	In vitro proliferation assay
	Flow cytometry
	Statistics

	Results
	Preparation of the four extracts from T. montanum and fractionation of the IVA-DM extract
	T. montanum dichloromethane extract shows pro-proliferative activity
	T. montanum extract IVA-DM activates naïve CD8+ T cells 
	Some IVA-DM fractions enable a greater proportion of effector/effector memory differentiation of primed CD8+ T cells
	Certain IVA-DM fractions facilitate Tcm formation

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References


