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EXTRACTS OF POMEGRANATE, PERSIMMON, NETTLE, DILL, KALE AND

SIDERITIS SPECIFICALLY MODULATE GUT MICROBIOTA AND LOCAL
CYTOKINES PRODUCTION: IN VIVO STUDY

T. Meleshko, O. Pallah, V. Petrov, N. Boyko

Memoto pobomu 6Oyno eusaenenHs (in vivo, Ha MoOeli IMYHOKOMHEMeHMHUX muwel) OUHAMIKU
BNAUBIE NEPOPATLHO20 BBCOCHUX eKCMPAKMIB iCMIi8HUX POCIUH — [HEPAJICHMI8 MPAOUYIUHUX Xap-
408UX NPOOYKMIB — HA CMAH KUWKOBOT MIKpoOiomu ma npooyKy8aHHs, YUmoKinie cauzoeumu 00o-
JIOHKAMU KUULEYHUKY .

Mamepianu i memoou. Y Oocniodxcenni 6y10 chopmosano cim epyn iMYHOKOMNEMEHMHUX Muulell
BALB/c, sixi npomscom 14 Ouie nepopanvno 6unoiosanuce pociunHumu excmpaxmamu (15 me/200
mx/muwa). Ocmanni 00eparcysanu 3a po3podIeHOI0 HAMU MEXHONO0ZIEI0 i3 Xapyosux npooyKmie poc-
JUHHO20 NOX00JICeHHs — Kanycmu kane, kpony, Sideritis scardica, kponusu, niodie xypmu i epanamy.
Mamepianom mikpobionoeiuHo20 aHanizy 3miH KUWKOB0I MIKpOOiomu C1y2y8as eMicm mocmoi KUK,
Knrouosux npedcmasnuxie mikpobiomu 301108411 ULTAXOM BUCIBY CEPILIHUX PO36E0eHb HA CeNeKMUBHI
XPOMO2EHHI NOJNCUBHI cepedosuya ma iOeHmupiKysau ceponociyno i bioximiuno. IIpodykyiro yumoxi-
Hi8 pi3HUMU GI00LNAMU KUWEYHUKY MA JIMpamuiunoi mKAHUHU, acoyilio8anoi i3 Ciu308umMu 006010HKAMU
KUWEYHUKY, BUSHAYATU MEMOOOM IMYHOGDEPMEHMHO20 anaiisy.

Pesynomamu. B excnepumenmax na muuiax 006e0eHo 30amuicmes eKCmpakmie Kanycmu Kaie, Kpony i
Sideritis npu ix opanvHomy 3acmocyeanni éubiproso incioysamu emicm E. coli, K. pneumoniae, E.
faecalis, L. acidophilus y moecmiu kuwyi muwiett, cmumyaroouu npu yvomy picm B. bifidum. [Tokasano,
WO excmpaxm Kponugu npuzeooums 00 30iibuenns kinokocmi E. coli, a ekcmpaxm xypmu — 0o 3poc-
manusi nonyasyitunux pisuie E. faecalis, Bifidobacterium ma smenwenns emicmy Candida spp. Excm-
pakm epanamy cneyudiuno cmumynoe picm Bifidobacterium. Icuytoms snauni iominnocmi y npooyky-
BAHHI YUMOKIHIE 8 CYNEPHAMAHMAX KYIbMypu ()pacmeHmie mKaHuH i 8 cuposamyi Kposi muuiell npu
OPANLHOMY 88€0€HHI PI3HUX POCIUHHUX eKCmpakmis. Excmpaxm kpony 3yMo6moe cucmemme i 10KaIbHe
soinvuenus @HII-a ma 1JI-2, a excmpaxmu kponueu ma Sideritis sukiuxaromos maxe 30L1buleH s aulLe
Ha OiNAHKAX CIU3060i 00010HKU. Excmpakmu epanamy, Xypmu ma Kanycmu Kajie CUCMEMHO i IOKANIbHO
cmumymooms npooykyeanns IJ1-2, IJI-10, I/I-12, IOH-y ma IJI-17, ane ne @®HII-o.

Bucnoeku. Hatibinbur 6upasHumy KOPUCHUMU GIACMUBOCHAMU WOOO 6NAUBY HA CIMAH KUUWKOBOI MiK-
pobiomu ma npooyKy8aHHs YUMOKIHIE CIU306UMU 0DOIOHKAMU KULUEYHUKY B010010Mb eKCMPAKm Xyp-
MU, @ MAKOJIC eKCMPAaKmu epanamy ma kanycmu xaie. Excmpaxmu kponusu ma xpony oemonHcmpyons
npomuszananvy oio. Excmpaxm Sideritis 0ys neiumpaibHum 00 OLIbWoCmi 00CHIONCYBAHUX NOKAZHU-
Kie. Koonuil 3 exkcmpaxmis ne 8UABUS WKIOTUGUX BNIUGIE

Knrouosi cnosa: excmpaxmu icmieHux pociun, iMyHOMOO0en004a Ois, KUWKO8A MIKpoOioma
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1. Introduction

Human microbiome as well as how microorgan-
isms affect the immune system is the frontier research
topic. Host-microbial interaction and the possibility of
targeted regulation of [gut] microbiota following to
maintenance mucosal immune response is subject of
great practical interest for prevention and treatment of
noncommunicable diseases (NCD) initiated by low grade
inflammation.

The anti-aggregate effects of the same extracts of
pomegranate, persimmon, nettle, dill, kale and Sideritis
as well as their antioxidant properties by affect mole-
cules related to endothelial NO release and vasodilation
[1, 2]. However, their ability to modulate gut microbi-
ome and local immune response was not studied (re-
mains unclear).
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2. Literaturereview

Modern human nutrition needs to meet a lot of
demands and provide not only safe and necessary com-
position of micro and microelements, but also be func-
tional, which means enable the prevention of the devel-
opment or even treatment of various diet-associated dis-
eases, such as type II diabetes (T2D), cardiovascular dis-
eases (CVD), etc. [3].

The fruits, vegetables, whole grains and other tra-
ditional foods are the major source of the biologically ac-
tive components (BAC). It is largely known that bioac-
tive compounds and their correlation with antioxidant
capacity are insured of quality parameters typical/proved
for the commercial fruit-based baby foods [4], and main-
ly represented by vitamins, trace elements and antioxi-
dants (polyphenols, anthocyanins, etc.) [5].
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It is known that these phytochemicals are influ-
enced on the various important processes occurring in the
human body, including gene expression, production of
enzymes and hormones, activation of receptors, immune
and antioxidant processes, etc. [6]. It is known that BAC
have long been used in practical medicine, in particular, a
well-known trend of the last decades is the construction
of modern preparations based on them — prebiotics and
synbiotics [7].

It is well known that the gut microbiota plays a
major role in host health by shaping the development of
the immune system, metabolizing dietary nutrients (such
as fatty acids, glucose and bile acids) and drugs, digest-
ing complex indigestible polysaccharides and synthesiz-
ing vitamins and bioactive molecules [8, 9]. The changes
of the gut microbiota may partially contribute to the
higher incidences of chronic inflammatory disorders,
such as cardiovascular disease, obesity, depression, aller-
gies, diabetes and autoimmune disorders [9].

It has been shown that the gut microbiota is criti-
cal for intestinal immune maturation [10]. Gut microbio-
ta-stimulated immune maturation maintains gut homeo-
stasis by protecting the host from infections [11], and
damaging inflammatory responses [12].

It is therefore clear that it is essential to under-
stand the biological interactions between the food ingre-
dients, microbiota, and immune system.

3. Theaim and objectives of theresear ch

The aim of this study was to use the in vivo model
to reveal main changes in gut microbiota in dynamic of
immunocompetent BALB/c mice and find out the speci-
ficity of action of targeted foods/plants extracts on cyto-
kines production in all gut compartments and GALT to
its oral administration. To achieve the aim, the following
tasks were set:

1. To detect changes in murine microbiota com-
position as major players of regulation of mucosal im-
mune response.

2. To measure production of pro-inflammatory
and anti-inflammatory cytokines in fragment culture of
small intestine and gut associated lymphoid tissues
(GALT), including Payer Patches (PPs), peritoneal cavity
(PC), mesenteries lymph nodes (MLN), following oral
administration of selected edible plants extracts.

4. Materials and methods

Plants/extracts/foods

In our experiment we use extracts from six edi-
ble plants obtained by our colleagues as part of the in-
ternational project "BaSeFood" at the Institute of Food
Research (Norwich, UK). Plants such as kale leaves
(Brassica oleracea var. acephala), persimmon (Di-
ospyros species), pomegranate (Punica granatum), dill
(Anethum graveolens), Sideritis scardica, and nettle
(Urtica dioica) were components of traditional food
and were sourced from areas of the Black Sea region.
Extraction of plant raw materials was carried out by
the method of quantitative extraction by methanol ac-
cording to the analytical scale. Fresh plant materials
were weighed and introduced into the hot aqueous so-
lution of methanol (65-70 °C) at a plant materi-
al/aqueous methanol ratio of 1:10. Methanol-free ex-

tracts of selected plants were obtained by vacuum
evaporation.

Animal groups

In this study, seven groups of immunocompetent
BALB/c mice were formed. All experimental mice had
been fed orally by plants’ extracts (15mg/200 pl/mouse)
for the 14th days. During the experiment, all animals
were orally consuming different ingredient(s), in addition
to the standard food received by the control group, de-
pending on the experimental group:

Group 1 — kale leaves extract;

Group 2 — persimmon extract;

Group 3— pomegranate extract;

Group 4 — dill extract;

Group 5 — Sideritis extract;

Group 6 — nettle extract;

Group 7 — control group, standard vivarium diet
food. 3 animals were used per extract per 1 time point
day 3rd, 7th, 14th, 21st, 28th and 1 month — wash out pe-
riod — and were sacrificed and worked up separately. To
determine local secretion of cytokines, tissue fragments
(3 mm? each) of the spleen, PPs, MLNs and small intes-
tine: Duodenum (D), Jejunum (J), and Ileum (I) were cul-
tured for 2 weeks in Kennet's HY medium in a microan-
aerobic chamber at a ratio of CO, and O, gases of 90 %
and 10 % respectively [13].

All experiments in mice were performed in ac-
cordance with the international principles outlined by the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986) signed by the Verkhovna
Rada of Ukraine in 2002, Law of Ukraine No. 3447 — IV
“On the Protection of Animals from Cruelty”, meeting
minutes of the Bioethics Commission of the Medical
Faculty of the State University “Uzhhorod National Uni-
versity” (Minutes No. 4, dated March 16, 2011).

Microbiological assay

In order to detect changes in murine microbiota
composition on the 3rd, 7th, 14th, 21st, 28th days and 1
month from the beginning of the experiment 1 g of feces
was collected from the experimental animals and mixed
with 1 ml of PBS. Ten-fold serial dilution of samples was
performed and plated correspondingly on the growth me-
dia such as: RAPID’E.coli 2™ medium, UriSelect 4
(Bio-Rad, USA), Sabouraud Dextrose Agar, Lactobacil-
lus MRS Agar, Bifidobacterium Agar, Bile Esculin Agar,
MacConkey Agar (HiMedia Laboratories, India). Count-
ing of all types of microorganisms was carried out ac-
cording to the formula: CFU/g = axbxc, where: a stands
for the number of colonies grown on the nutrient medi-
um; b stands for dilution coefficient dose (when plating
100 pl, a = 10; when seeding 50 pl, a = 5; when plating
10 ul, a = 100); and c stands for dilution factor. For bio-
chemical identification semi-automatic systems (API
BIOMERIEUX/LACHEMA/PAST tests, OKI diagnos-
tics) had been used.

ELISA

The production of cytokines were detected by En-
zyme-linked immunosorbent assay (ELISA) using the
BioLegend’s ELISA MAX™ Deluxe Set Mouse IL-2,
IL-10, IL-12, IL-17, TNF-a, IFN-g kitsand Immunoen-
zyme Analyzer BioTek EIx800 at 450 nm. Serum and
fragment culture samples were previously diluted in con-
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centration 1:1, 1:5, 1;25 and 1:125, and all the samples
(each mouse was worked out separately, each tissue: du-
odenum, jejunum, ileum, PPs, MLNs were cultivated in
triplicate for each time points: 3rd, 7th, 14th, 21st and
28th day and for the wash out period) were also meas-
ured in triplicate.

Statistics

Statistical analyses were performed using the statis-
tical program GraphPad Prism version 3.00. Tukey’s and
Dunnett’s tests (after analysis of variance, ANOVA) were
used to identify the differences between groups. In tables
are presented results from Dunnett’s test -meaning that all
experimental groups were compared against control.

5. Resear ch results and discussion
Changes in mice (BALB/c) gut microbiota tested

in gut content

The short-term effects of extracts on the composi-
tion of the gut microbiota were studied. Gut content was
collected:

1) immediately after oral administration of select-
ed plants’ extracts (0 or 1 hour),

2) 24 hours, and

3) 48 or 72 hours.

The Fig. 1 is presenting the overall (panoramic)
results of this first preliminary acute experiment, namely
the effect of each of the tested extracts in the first 48—
72 hours of mice feeding on the colon microbiota.

In the second performed experiment the long-term
effects of the same extracts on the gut microbiota of
BALB/c mice has been studied. Persistence of gut mi-
croorganisms had been detected in colon in another ex-
periment when mice were sacrificed on days 3rd, 7th,
14th, 21st, and 28th wash out period (Fig. 2-8 including
the control).
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Fig. 1. The major patterns of changes detected on the first hours after selected edible plants’ extracts administration to
Balb/c mice
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Fig. 4. Effect of oral administration of Nettle extract on murine gut microbial composition
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On the mouse model it was shown that the extract
of dill inhibited two Enterococcus strains (E. faecalis and
E. faecium), Klebsiella pneumoniae and Lactobacillus
spp., and stimulated Bifidobacterium bifidum. Bifidobac-
teria were also stimulated by the kale extract, but in this
case there were no significant effects on any of the other
tested gut microbiota.

The nettle extract caused a non-specific stimula-
tion of gut microbial composition on day 3, whereas by
days 14 and 24 all the indices were approximately equal
to their initial levels (for E. coli and K. pneumoniae), but
lactobacilli and bifidobacteria were both dramatically re-
duced.

Persimmon extract was the only extract able to
specifically stimulate lactobacilli, while the pomegran-
ates extract specifically stimulated bifidobacteria.

The Sideritis extract effectively inhibited K. pneu-
moniae and commensal E. coli, and also induced a statisti-
cally significant increase in bifidobacteria and a moderate
but non-significant increase in lactobacilli (Fig. 9).
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The pro- and anti-inflammatory cytokine profiles
in all specimens of isolated tissue fragments (parts of the
small intestine — duodenum, jejunum and ileum, MLN,
PPs) and serum of the BALB/c mice after oral admin-
istration of the plants’ extracts had been determined.

The differences in the levels of cytokines pro-
duced in the culture supernatants of tissue fragments and
in the serum of mice with the oral administration of vari-
ous plant extracts has been detected. In Fig. 10-12, the
data obtained for kale, persimmon and pomegranate ex-
tracts on days 3, 7, 14, 21 and 28 of the experiment is in-
troduced. Consumption of dill extract has the ability to
stimulate the production of only IL-2 in the range from
2.35 pg/ml in the duodenum to 2 pg/ml in serum. Similar
is the effect of Sideritis extract consumption, which also
stimulates to a large extent the synthesis of IL-2 locally,
in the duodenum, jejunum and ileum from 2.11 pg/ml to
2 pg/ml had been shown.
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Fig. 9. Summarized data of major patterns of changes of microbiota representatives in murine gut of immunocompetent

BALB/c mice: effect of kale, persimmon
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and pomegranate extract vs. control):
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Oral administration to mice of nettle extract also Consumption of kale extract (Fig. 10) stimulates
leads to extremely local and strictly specific stimulation IL-2 synthesis from day 3 to day 7 in the small intestine
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Fig. 11. Systemic and local production of cytokines as a result oral administration of persimmon extract
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Unlike IL-10, interleukin 12 is most actively pro-
duced on the 21st day of the experiment to 4.63 pg/ml). It
should be noted that on the 14th and 21st day of the ex-
periment there was an increase in the amount of IL-17A
to 493.5 pg/ml in serum of laboratory animals, and on the
28th day — in the MLNs (2.5 pg/ml), which is evidence of
its proinflammatory action.

We found that persimmon extract (Fig. 11) has a
distinct systemic and local proinflammatory -effect
throughout its oral administration (ie, within 14 days). In
particular, there was a sharp increase in TNF-a in serum
of laboratory animals on the 14th day of the experiment

(up to 7.1 pg/ml), on the 7th and 14th day, the synthesis
of IL-17A in the serum of animals increased (8.22—
38,34 pg/ml), the synthesis of IL-2 (up to the level of
2.1-2.7 pg/ml) also increases on the 3rd and 7th days of
oral administration of this extract. From the 14th to the
21st day of the experiment the synthesis of IL-10 (up to
6.8-6.85 pg/ml) is increased, with a further decrease on
the 28th day (2.4-1.3 pg/ml) and vice versa, the level of
its IL-12 agonist increases significantly, starting from
day 14 of the experiment in all departments of the small
intestine (4.06 pg/ml), MLN (2.27 pg/ml) and in serum
(1.8 pg/ml).
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Fig. 12. Systemic and local production of cytokines as a result oral administration of pomegranate extract

Thus, the persimmon extract induces a local pro-
inflammatory effect in the initial terms after oral admin-
istration.

Oral administration to mice of pomegranate ex-
tract (Fig. 12), similar to persimmon extract, stimulates
the synthesis of IL-2 locally on the 3rd and 7th day (up to
2.11 pg/ml) with a tendency to its sharp decrease on the
14th, 21st and the 28th day of the experiment (up to 0.7—
0.5 pg/ml), and on the 21st day is characterized by a clear
pro-inflammatory effect (IFN-y synthesis reaches the
level of 47.81 pg/ml, IL-17A-500 pg/ml). The optimal
effect of this extract is observed on the 14th day of its
oral administration, when the levels of proinflammatory
cytokines become lowest and, conversely, the levels of
anti-inflammatory cytokines (IL-12) reach a maximum in
the departments of the small intestine, MDL and PB (up
to 2.4-4.38 pg/ml).
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6. Discussion

In our study we investigated the ability of ex-
tracts of pomegranate, persimmon, nettle, dill, kale and
Sideritis to modulate gut microbiome and local produc-
tion of cytokines. The results of the study show no
harmful influence of tested plants on murine gut mi-
crobial composition still based on our investigation we
can conclude that most beneficial properties are inher-
ent to persimmon and then pomegranate and kale. Si-
derites rather show no significant influence on all the
studied indices while the Nettle and Dill are acting pro-
inflammatory.

Analysing the obtained experimental data we
can note that secreting of targeted cytokines initiated
by oral administration of investigated plants’ extracts
is very specific and depends on the time point of exper-
iment and its locations (SI, PPs, MLNs vs. serum).
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Obtained experimental data indicate the advisa-
bility of using extracts as natural strictly specific reme-
dy of prevention and treatment of diet-associated dis-
eases by balancing of gut microbiota and immune sys-
tem. It should be noted that experimental works on the
study of the specificity of action of targeted
foods/plants extracts on gut microbiota and local im-
mune response is not so much and mostly these re-
searches are directed on studying of influence of each
extracted component separately. Zhu et al. showed that
supplementation with low dose of persimmon tannin
induced a significant alteration in specific bacterial
species by increasing some types of gut microbiota that
have been inversely related to obesity (Bifidobacterium
spp., Lactobacillus spp.) and reducing the relative
abundance of others associated to diet-induced obesity
(E. coli and Enterococcus) [14]. However, analysing
the experimental data we obtained, the Persimmon ex-
tract decreased numbers of lactobacilli on 7th day of
oral administration but after the wash-out period was
no statistical differences observed. Interestingly, com-
mensal E. coli and Enterococcus was not affected by
Persimmon extract. George et al. also documented that
a pomegranate peel extract treated decreased levels of
Lactobacillacieae in mice gut microbiota [15]. Howev-
er, our obtained experimental data showed that lacto-
bacilli were stimulated by Pomegranate on 3 day of
oral administration but after wash-out period no statis-
tical differences was observed.

In our study we did not make detection of
amount of total/activated B1/B2, CD4/CD25, CDS,
CD56 other immune cells subsets in spleen and differ-
ent components of GALT.

Further research can be related with the using of in
vivo model to reveal the specificity of action of selected

foods/plants extracts on gut microbiota and immune re-
sponse of mice with combined T-and B cells deficiency.

7. Conclusions

1. Number of Lactobacilli strains in gut content
was not significantly affected by Dill and Sideritis ex-
tracts; and were stimulated by Pomegranate extract on 3,
inhibited by Kale extract on 3—14 d and by Persimmon
extract on 7 d; after the wash-out period no statistical dif-
ferences was observed. K. pneumoniae and E. cloacae
were eliminated from mice colon by feeding of the ex-
tracts of Sideritis, dill, nettle and persimmon but not
pomegranate and kale. E. faecium and E. faecalis was
stimulated significantly by pomegranate extract. B. bi-
fidum and B. longum were increased only in colon
content of mice fed with extracts of Sideritis, pome-
granate and kale. Interestingly, commensal E. coli was
not affected by any of the tested plants’ extracts sig-
nificantly. All plants’ extracts had promoted C. albi-
cans persistence in mice colon; only kale extract had
lowered its amount on 7—14 d but not on 21-28 d and
after the wash-out period.

2. There are sufficient differences in produced
cytokines in FC and serum of mice fed with different
plants extracts. TNF-a, and IL-2 increased both system-
ically and locally in the different gut compartments by
dill, nettle and Sideritis extracts only at mucosal sites.
IL-2, but also IL-10 and IL-12, IFN-g, and IL-17 but
not TNF-a were stimulated in different levels by pome-
granate, persimmon and kale extracts: both systemically
and locally.
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