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ABSTRACT

The aim of the study was to evaluate the gastroprotective effect of dry extracts from the roots and rhizomes of
Ferulopsis hystrix in ethanol-induced gastropathy.

Materials and methods. The studies were carried out on 68 white Wistar rats. Ethanol-induced gastropathy was
simulated by a single intragastric administration of ethanol in the dose of 10 ml/kg. Animals of the experimental
groups received medicinal forms from the roots and rhizomes of F. Aystrix: I — decoction in a volume of 10 ml/kg;
II-V — dry extracts in the dose of 200 mg/kg, obtained by extraction with purified water, 30, 40 and 70% ethanol,
respectively; VI — dry extract, prepared by double extraction with 40% and single extraction with 30% ethanol
for 7 days before the modeling of gastropathy. Number of structural changes was determined in the gastric mucosa.
They were differentiated into small, large, and strip-like erosions. The Pauls’ index was calculated for structural
changes. Pathomorphological studies of the stomach were carried out.

Results. The total number of structural changes in the stomach of animals in experimental groups L, I, IV and V
is 44% lower on average, in experimental group III it is 67% lower and in experimental group VI it is 3.6 times
lower than in the control. The Pauls’ index for large erosions in experimental groups I-V is 38-75% lower, in
experimental group VI it is 83% lower than the index in the control animals. No strip-like erosions are detected in
animals of experimental groups III-VI. Pauls’ index for these destructions in experimental groups I and II is 7.0
and 6.5 times lower than the index in the control animals. Microscopic morphological examination registered the
increase of shallow-like erosions in the stomach of animals of experimental groups. Shallow-like erosions do not
reach the muscularis mucosae. Microcirculation disorders and leukocyte infiltration are less pronounced than in
the control group.

Conclusion. F. hystrix has the gastroprotective effect, increasing the resistance of the gastric mucosa to the effect of
ethanol. The F. hystrix extract prepared with 30% and 40% ethanol shows the most pronounced pharmacotherapeutic
effect in ethanol-induced gastropathy.
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FacTponpoTtekTuBHOE BAusiHue Ferulopsis hystrix (Bunge) Pimenov
NP 3KCNEepPMMEHTa/IbHOM 3TAaHO/I0BOM racTponaTum

Canuak C.M.', PasyBaeBa Al.I.", ToponoBa A.A.", Apakuaa K.[l.2, OneHHuxos [.H.",
HukonaesaW.I'."

Hnuemumym obweil u sxcnepumenmanvrol ouonroeuu Cubupcxkoeo omoenenus Poccutickou axademuu nayk (MODF
CO PAH)
Poccusa, 670047, 2. Ynan-Y0s, yn. Caxvanosot, 6

Hayuno-uccnedosamenvekuii uncmumym meOuko-coyuanrbHulx npooaem u ynpasnenus Pecnyonuxu Teiea (HUU
McCHy PT)
Poccus, 667003, Pecnybauxa Toisa, . Kvizvin, yn. Keuun-oona, 2a

PE3IOME

Henab. OueHka racTponpoTeKTHBHOTO ISHCTBHS CyXHX KCTPAKTOB, MOMYYEHHBIX C MCIIONIB30BAaHHEM PA3IMYHBIX
9KCTPareHTOB M3 KOPHEBUIL ¢ KOpHAMU Ferulopsis hystrix (Bunge) Pimenov npu 3TaHOIOBOM HOBPEXICHHUH Ke-
JyJKa y OeNbIX KpBIC.

MatepunaJbl M MeTO/Ibl. DKCIIEPUMEHTHI IIPOBEJICHBI Ha 68 caMIiax M caMKax KpbIC JIMHUM Buctap. JTaHonoByto
racTpONaTHIO MOJCIUPOBAIN OZHOKPATHBIM BHYTPIIKEIY/IOYHBIM BBeIeHHEM dTaHoua B 103e 10 mir/kr. JKuBot-
Hble onbITHBIX rpym (I- VI) B Tedenue 7 cyT 10 MOAENMPOBAHMS FACTPOIATHH MOJTyYallH JISKApCTBEHHBIE (POPMBI
U3 KOpHEBUIL ¢ KOpHIMHU F. hystrix: 1 — otBap B o6beme 10 miu/kr; [I-V — cyxue skcrpaktsl B 1o3e 200 mr/kr,
HOJTy4eHHbIE IIyTeM 3KCTPAaKLUUHU BOXOW oumiieHHOH, 30-, 40- u 70%-M 3TaHOIOM COOTBETCTBEHHO; VI — cyxoif
9KCTPAKT, IPUTOTOBJICHHBIM IBYKpaTHOU sKcTpakuueil 40%-M u onHOKpaTHOU 3KcTpakuueil 30%-M 3TaHOIOM.
B cimsucroii 000s10uKe KemyqKa ONpeesuld CTPYKTypHbIe H3MEHEHNUs, KOTOpble U (GEepeHIMPOBAIN Ha Mel-
K€, KPYIHBIE U T0JIOCOBHIHBIC 3po3uu. [IpoBouiy maToMoponorniecKie UCCiaeJOBaHuUs KelyIKa.

Pe3yasTatsl. YcranosieHo, uto B I, II, IV u V onbITHBIX rpynmnax o0liee KOJIHMIECTBO MOBPEXKICHUH B JKEIyaKe
06110 B cpenHeM Ha 44% meHsbIne, 4eM B KoHTpouie, B 11 ombiTHON rpynne — Ha 67% u B VI onbITHOH Trpymnme — B
3,6 pasza. Mupnexc [layinca uist KpynHBIX 9po3uii B [V ONBITHBIX Ipymnax ObUI HUKE KOHTPOJIBHOTO ITOKA3aTes
Ha 38-75%, B VI — Ha 83%. [lonocoBuHble 5p03UM HE BBIABISUIUCH Y XKUBOTHBIX I1I-VI onbITHBIX IpyIII; HHIEKC
MMaynca i nanHex gectpykuuit B I u I onsITHBIX rpynmax Osu1 B 7,0 1 6,5 pa3a HbKe IOKa3aTesst KOHTPOIIb-
HBIX JKUBOTHBIX. B CTEHKe jKelyKa >KHBOTHBIX OTMEYAJINCh HETITyOOKHE 3PO3UH, HE HOCTHTAIOIINE MBIILICYHOH
IUTACTUHKHU CIIM3UCTON 000JI0YKH; HapyIICHNs] MUKPOLMPKYJISIUA | JIeHKonuTapHas nHQWIbTpanus ObUIM MeHee
BBIPa’KEHbI OTHOCUTEIBHO KOHTPOJIS.

3akurouenue. F. hystrix OKa3bIBaeT raCTPOIPOTEKTHBHOE BIMSHHUE, MOBBINIAS PE3HCTEHTHOCTD CIM3UCTOH 000-
JIOYKH JKeTyAKa K JAEHCTBUIO dTaHoNa. Hambomnee BhIpakeHHBIH (hapMaKoTeparneBTHISCKHN dPPEKT MPOsBIIET
9KCTPAKT, IPUTOTOBICHHBIN IBYKpaTHON 3kcTpakuueid 40%-M n OgHOKpAaTHOW 3KcTpakmuei 30%-M STHIOBBIM
CIIUPTOM.

KuroueBrble ciioBa: 3TaHONOBAS s13Ba, Ferulopsis hystrix (Bunge) Pimenov, racTponpoTeKTHBHOE JICHCTBHE.

KoH(aukT MHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHAIBHBIX KOH(PJINKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJMKAIUEH HACTOALICH CTaThU.

Hcrounuk ¢unancupoBanus. lccienoBaHUs NPOBEJEHB B paMKax BEIMONHEHUS roczamanmst (Ne AAA-
A-A17-117011810037-0).
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INTRODUCTION

Ferulopsis hystrix (Bunge) Pimenov is a perenni-
al plant of Umbelliferae family growing in Russian
South Siberia and Far East [1]. The given plant was
formerly classified as Phlojodicarpus turczaninovii
Sipl. The roots and rhizomes of F. hystrix are used
in folk and traditional medicine. For a long time, the
roots of F. hystrix known under the name “chuksug-
bai” have been in the common use in Tuvinian folk
medicine and now it holds a leading position as an-
ti-inflammatory, wound-healing remedy, as well as in
the treatment of tuberculosis and cancer [2]. In Mon-
golian and Buryat traditional medical systems, F. hys-
trix is a substitute of Costus speciosus (Tibet. ru rta)
used in Tibetan medicine for the treatment of #/ung of
the blood, diseases of the lungs and throat, for amelio-
ration of “compression” in the stomach and stopping
of necrosis [3].

Rhizomes and roots of F. hystrix contain various
groups of biologically active substances among which
coumarins play a leading role in the pharmacological
activity of the plant; their total content is 3.9—4.6%
[4, 5]. Coumarins have antiviral, antibacterial and
antifungal properties [6, 7]; also, they have anti-in-
flammatory [8] and antioxidant activity [9, 10]. The
experiments on animals have shown a marked gas-
tro-protective effect of natural and synthetic couma-
rins [11]. In this regard, the study of the gastro-pro-
tective effect of the F. hystrix roots and rhizomes is of
great interest.

The aim of the study was to estimate the gas-
tro-protective effect of the dry extracts derived from
the F. hystrix rthizomes and roots with the use of vari-
ous extraction solvents.

MATERIALS AND METHODS

The experiments were carried out on 68 white male
and female Wistar rats weighing 180-200 g. The an-
imal care was compliant with the rules of “Good La-
boratory Practice” (GLP) and the Order of the Russian
Health Ministry “On approval of Rules for Laboratory
Practice” (No. 199N, 01.04.2016). Before the start of
the experiments, the animals meeting the criteria were
divided into groups taking into account the random-
ization principle. The experimental work followed the
“European Convention for the protection of vertebrate
animals used for experimental and other scientific pur-
poses” (Strasburg, 1986).

The animals were divided into 7 groups: a control
group and 6 experimental ones. The animals of group
I received the decoction of F. hystrix in the volume 10

ml/kg prepared according to the General Monograph
1.4.1.0018.15 Infusions and decoctions. The animals
of groups II-V received the dry extracts (200 mg/kg)
obtained by extraction with purified water, 30, 40
and 70% ethyl alcohol respectively; the raw materi-
al-to-extraction agent ratio was 1 : 10; they were pre-
pared at room temperature by vigorous shaking and
successive vacuum drying. The animals of experimen-
tal group VI received the extract prepared by double
extraction with 40% ethanol and the third extraction
with 30% ethanol. The given choice of extraction sol-
vents allowed us to obtain the extract with maximum
content of extractive substances and good physical
qualities [12].

According to the data of high-performance liquid
chromatography, coumarins are the main compo-
nents of the F. hystrix dry extract including peuceni-
din  (3'-O-acetoxy-4'-O-senecioloxy-2',3'-dihydro-
oroselol) and skimmin (umbelliferone-7-O-glucoside;
1.26%), their content was 16.65 = 0.33 and 1.26 +
0.03%, respectively. The quantitative analysis of cou-
marins in the F. Aystrix dry extract was performed
with the HPLC method on the microcolumn liquid
chromatograph Milichrom A-02 (Econova, Novosi-
birsk, Russia) on the column ProntoSIL-120-5-C18
AQ (2 x 75 mm, @ 5 um; Metrohm AG, Herisau,
Switzerland); mobile phase: 0.2 M LiCIO, in 0.006
M HCIO, (A), acetonitrile (B); gradient mode (% B):
0-26 min 5-100, 2629 min 100; flow rate 150 ul /
min; the column temperature was 35 °C; UV-detector,
330 nm. The content of coumarins was calculated with
the use of calibration curves constructed using com-
mercial reference samples of skimmin and peucenidin
(> 95%; Wuhan ChemFaces Biochemical Co., Ltd.,
Wuhan, Hubei, PRC). The results are presented as the
mean of triplicate (M + SD).

The tested medicinal forms of F. hystrix were in-
troduced intragastrically to animals for 7 days and the
last dose was introduced 1 hour before the injection of
ulcerogenic agent. The animals of the control group
received purified water according to the same scheme.
The lesion of the stomach mucosa was induced by a
single introduction of absolute alcohol to animals in
the dose of 10 ml/kg against the background of 24-hour
food deprivation [13]. One hour after the alcohol in-
troduction, the rats were decapitated under light ether
narcosis. To estimate the state of the gastric mucosa,
the stomach was cut along the greater gastric curva-
ture and the number of destructions was determined.
The destructions were differentiated as small erosions
(£ 2 mm), large erosions (2—5 mm) and stripe-like
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erosions (>5 mm). The Pauls’ index was calculated
for each kind of lesions according to the formula [13].

For patho-morphological studies, the material was
fixed in 10% neutral buffered formalin, dewatered in
ascending alcohol and embedded in paraffin. The sec-
tions were stained with hematoxylin and eosin.

The results obtained were processed with the use of
the program Statistica for Windows 6.0. To describe
statistical differences, nonparametric Mann — Whitney
U-test was used. The results were presented as inter-
quartile range median Me (Q, Q,). To compare the
lesion frequency in comparison groups, the Fisher test
was used. The differences were significant with p <0.05.

RESULTS AND DISCUSSION

Small erosions have been revealed in all control
animals; large erosion in 8 animals and stripe-like ero-
sions in 6 animals. The Pauls’ index was 4.0, 2.4 and
1.1 respectively (Table 1). In the gastric mucosa of
the control animals, hemorrhages and erosions in the
form of narrow dehiscences resulted from desquama-
tion of necrotic cells in surface and glandular epithe-
lium were noted. Five in ten animals had deep lesions
reaching up to muscular layer of mucous tunic that
were classified as ulcers. At the bottom and edges of
the ulcers, necrotic masses with signs of desquama-
tion were revealed. In the boundary zone, massive leu-
cocytic infiltration was noted, as well as cell elements
of the glands in the state of marked dystrophy up to
necrosis. In the vessels of microvasculature, nuclei
of endothelial cells were bloated and plasma-impreg-
nated and had signs of plasmarrhage and diapedetic
hemorrhages found partially along the vessels or at
considerable range in the form of homogeneous pink
masses with a touch of erythrocytes and leucocytes.
In the vessel lumina sludge phenomenon, erythro- and
leucostasis were noted.

The use of the F. hystrix decoction and extracts
prepared with the use of various solvents had gas-
tro-protective effect increasing the resistance of gas-
tric mucosa to ethanol impact. In the animals that re-
ceived the decoction and extracts prepared with the
use of water and 70% ethanol, the total number of
gastric mucosa lesions was 44% less on average than
in animals of the control group. Small erosions were
revealed in all animals of the experimental groups;
their quantity and Pauls’ index were in line with the
indices of animals in the control group. Large erosions
were noted in 7-8 animals out of 10 in the given ex-
perimental groups. The Pauls’ index for large erosions
in the experimental groups I, II, and V was less than

in the control group by 38, 46 and 42%, respectively.
Stripe-like erosions were noted in 2 out of 8 animals
in the group, which received the water extract, and in
2 out of 10 animals in the group, which received the
decoction. The Pauls’ index for stripe-like ulcers in
the given experimental groups was 7.0 and 6.5 times
lower than that in the control group. In most animals
of the experimental groups I, II, and V, microscopic
studies revealed hemorrhages, erosions injuring no
more than two-thirds of their muscular layer of mu-
cous tunic. Ulcers with deep necrosis of the muscu-
lar layer of mucous tunic and circumscribed by the
marked leucocytic infiltration were revealed in two
animals of the experimental groups I and II. The areas
with signs of plasmarrhage and diapedetic hemorrha-
ges were less marked.

In animals of the experimental groups III and IV,
which received the extracts prepared with the use of
30% and 40% ethanol, the total number of destructions
in the muscular layer of mucous tunic was 67 and 45%
less than that in the control animals (Table 1). Small
erosions were noted in 8 animals of the experimental
groups Il and I'V; large erosions — in 6 and 8§ out of 10
animals which received the extracts prepared with the
use of 30% and 40% ethanol, respectively. No stripe-
like erosions were noted in the animals of the given
experimental groups. The Pauls’ index for small and
large erosions was significantly lower in the experi-
mental group III and was 1.4 and 0.6, respectively, as
compared to 2.1 and 1.6 in the experimental group IV;
it was 2.9 and 4.0 times lower than these indices in
the control group. Histological studies of the muscular
layer of mucous tunic in the animals of the experi-
mental groups III and IV revealed not deep erosions
injuring only gastric superficial-foveolar epithelium.
Single erosions penetrated into half of the muscular
layer of mucous tunic. Leucocytic infiltration around
erosions was marked moderately. Vessel dilatation in
microvasculature along with erythro- and leucosta-
sis and small areas of plasmarrhage and diapedetic
hemorrhages were noted.

The extract of F. hystrix prepared with the use of
30 and 40% ethanol combination demonstrated more
marked gastro-protective effect. The number of all de-
structions per one animal in the given experimental
group was 2.5 (Table 1) that was 3.6 times less than
that of the control group. No stripe-like erosions were
found. Small and large erosions were noted respec-
tively in 7 and 5 animals out of 10; the Pauls’ index
was 3.6 and 6.0 times lower than that in animals of
the control group. Patho-histological studies of the
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stomach wall in animals of the group VI revealed de-
structive alterations only in the gastric superficial-fo-
veolar epithelium; its desquamation resulted in small
erosions with slight leucocytic infiltration. The ves-

sels of microvasculature were moderately dilated and
plethorical with signs of erythrostasis and erythrodi-
apedesis; no sludge phenomenon and plasmarrhages
were noted.

Table 1

The effect of Ferulopsis hystrix on the severity of lesions in the gastric mucosa of white rats in ethanol-induced gastropathy

Groups of animals
. Experi- Experi- Experimental Experimental Experi- Experimental
Indices Conrol, mental, | mental Il it "I menalV, | VI
n=10 n=38 n=10 n=10 n=10 n=10
. 5 6 3 4.5 5 2.5
o oo e 0y |y @:8) @:8) 23) 2:8) @7 (0:4)
’ V=3 i p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Small erosions
Number of animals with 100 60 100 80 80 100 70
erosions, %
. 2 2
Number of destructions, 4 35 35 (1:3) (2:4) 3 2%
Me (03 Q) (3:5) (2:4) (2:4) 005 005 (3:4) (0:3)
Pauls’ index 4.0 1.9 3.3 1.4 2.1 34 1.6
Large erosions
Nun?ber oof animals with 30 70 75 60 20 20 50
erosions, %
Number of destructions, 3 2.5 2 1 2 2 0.5
Me (Q; Q) (24 04 ©:3) 0;1) p<0.05 (1;3) (1;2) (0;1) p<0.05
Pauls’ index 2.4 1.5 1.3 0.6 1.6 14 0.4
Stripe-like erosions
Number of animals with 60 30 25 0 0 0 0
erosions, % p=<0.01 »=<0.01 »=0.01 »=0.01
Number of destructions, 1 0 0 0 0 0 0
Me (05 0)) (0;3) O;1) (0;,2) p<0.05
Pauls’ index 0.84 0.12 0.125 0 0 0 0

Note: n — number of animals included in the analysis.

The gastro-protective effect of the medicinal
forms from the roots and rhizomes of F. hystrix is due
to the content of phenolic compounds, particularly,
coumarins and flavonoids, which have antioxidant,
anti-inflammatory, anticoagulant and other effects.
Coumarins inhibiting the enzyme COX-2 in the le-
sion suppress the synthesis of inflammation mediators
(histamine, serotonin), proinflammatory cytokines —
IL-1B, TNF-a and other biological substances; due to
this, they have an anti-inflammatory effect promoting
the decrease of vascular permeability and leucocyte
migration [14, 15]. The vessel-dilating effect of cou-
marins is due to the decrease of intracellular calcium
concentration in smooth myocytes in microvascula-
ture vessels. The decrease of thromboxane B2 synthe-
sis in thrombocytes due to cyclooxygenase inhibition
plays an important role in the mechanism of coumarin
anti-coagulating effect [16]. Hence, the inhibition of
thrombocyte aggregation indirectly promotes micro-

circulation in the stomach mucosa, which, together
with the vessel dilating and anti-inflammatory effects
of coumarins, explains the presence of gastro-protec-
tive activity of F. hystrix in ethanol-induced stomach
injury in white rats. This gastro-protective effect is
probably due to antioxidant properties of coumarins
and flavonoids contained in F. Aystrix and their capa-
bility to chelate mixed-valent metal ions participating
in the reactions of free radical formation [17], bind
formed radicals [9] and increase the resistance of cell
membranes [11].

CONCLUSION

Thus, the decoction and dry extracts from rhizomes
and roots of F. hystrix prepared with the use of vari-
ous solvents have gastro-protective effect increasing
the resistance of the stomach mucosa to the impact of
ethanol, limiting the development of dystrophic and
necrotic processes in the gastric superficial-foveolar
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and glandular epithelia and preventing the develop-
ment of inflammatory processes in the stomach wall
of white rats. The given medicinal forms may be ar-
ranged according to their pharmacological efficiency
in ascending order: water extract of F. Aystrix < ex-
tract of F. hystrix prepared with the use of 70% eth-
anol; < extract of F. hystrix prepared with the use of
40% ethanol < extract of F. hystrix prepared with the
use of 30% ethanol < extract of F. hystrix prepared
with the use of 40 and 30% ethanol.
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