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The effect of the Brassica oleracea extract on the structural
components of mucous cells of the stomach in its ulcerative
damage

Aim. To study the effect of the Brassica oleracea extract on the total content of proteins and lipids of mucous cells
of the stomach in the experimental ulcer.

Materials and methods. On the model of alcohol-prednisolone ulcer in rats the effect of the Brassica oleracea
extract on the content of proteins and lipids of the mucous cells of the stomach was studied. To study the phospholipid
content of membranes the lipid fraction was separated by Folch method. Separation of phospholipids into separate
fractions was carried out by thin layer chromatography on silica gel. The protein spectrum of the stroma was studied
by gel chromatography.

Results and discussion. The mechanism of the reparative action of the Brassica oleracea extract in the experi-
mental gastric ulcer consisted in formation of a new fraction of proteins with the molecular mass of 36 kDa and restora-
tion of the lipid content of the gastric mucosa. It was accompanied with normalization of the structural and functional
state of the mucosa by the restitution type with complete restoration of the mucous membrane.

Conclusions. The Brassica oleracea extract in ulcerative damage of the stomach promotes the processes of
regeneration of proteins and lipids on the mucous cells of the stomach leading to reparation.
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H. M. KoHoHeHko, M. T. Mip3anies, M. O. Octaneup

Bnnue eKcTpakTy KanycTu ropoAHbOI Ha CTPYKTYPHI KOMMOHEHTU KNiTUH CNU30BOI
OOONOHKM WNYHKa Npu it BAPAa3KOBOMY YpPaXKeHHi

Meta — focnifpkeHHs BNNUBY KCTPaKTy KanycTu ropoAHbOi Ha 3aranbHui cknag GinkiB Ta ninigis KMiTuH crin3oBoi
ODOMOHKM LUMYHKa NpY eKCnepuMeHTarnbHiln BMpasLi.

MaTepianu Ta meToau. Ha mogeni cnupTo-npeaHi30NoHOBOI BUPa3kM Y LLypiB AOCHIAXEHO BNINB €KCTPaKTy
KanycTn ropoaHboi Ha BiNkoBWUIA | NiNIQHUIA CKNaa KNiTUH crim3oBoi 060MoHKK WwnyHKa. [Anga BuB4eHHA docdoninig-
HOro cknagy mMemb6paH BigokpemsoBanu ninigHy dpakuito 3a metonoM Ponya. Po3gineHHs docdoninigis Ha okpemi
dpakuii NpoBoAMIM METOAOM TOHKOLLApPOBOI XpoMaTorpadii Ha cunikareni. binkoBuin cnekTp cTpoMu Jocnigxysanu
3a A0MNOMOrOH0 refib-xpomatorpadii.

Pe3ynbTaTy Ta ix 06roBopeHHA. MexaHiam penapaTuBHOI Aji eKCTpakTy KanycTu ropogHbOi Mpu ekcnepumeH-
TanbHil BYpasLi LWTyHKa Nonsrae B yTBOPEHHi HOBOI chpakuii 6inkiB 3 monekynspHoto macoro 36 k[la Ta BiAHOBMEHHAM
ninigHoro cknagy knituH COLL, wo cynpoBoaxyBanocs Hopmanisauieto CTPYKTYPHO-GPYHKLIOHANbHOro CTaHy Crmn3oBoi
06OMOHKM 32 TUMOM PEeCcTUTYLT — 3 NOBHWUM i1 BiZHOBNEHHSIM.

BucHoBKu. EKCTpaKT KanycTu ropogHbOI NpY BUPA3KOBOMY YPaXeHHi LUyHKa ChpUsie npouecam pereHepadii
6inkiB Ta NiNigiB y KNiTMHax cnyM3oBoi 060MOHKM LLUNYHKa, WO NPUBOAMTL A0 ii penapadii.

Knrovoei cnoea: ekcmpakm; Karycma 20p00HSI; supaska wiiyHka, binku; ninidu; penapau,is

H. H. KoHoHeHko, M. T. Mup3anues, M. A. OcTaney,

BnusiHne akcTpakTa KanycTbl Oropo4HeN Ha CTPYKTYPHbIe KOMMNOHEHTbI KIeToK
CNMU3MCTON OOOIOYKM XKernyaKa Npy ee A3BEHHOM MopaXXeHuu

LUenb — nccnegoBaHune BrMSHUA SKCTPaKTa KanyCTbl OrOPOAHON Ha obLWwmin coctaB GEnkoB 1 NUMNUAOB KMNEeTOK
CNM3NCTON 0BOMNOYKU XKenyaka Npu 3KCnepMMeHTarnsHON S3Be.

MaTepuanbl u metoabl. Ha Mogenu cnupTo-npeaHN305IoHOBOW 513Bbl Y KPbIC MCCNeA0BaHOo BMUSIHUE 3KCTPaKTa
KarnycTbl OropoaHoN Ha 6enKoBbIN U NMNUAHBIV COCTaB KIETOK CIN3MCTON 000MnoYkmM xenyaka. [Ans naydyenns docdo-
NMNUZHOrO cocTaBa MeMbpaH oTAensany NunuaHyo dppakuuo no metoay ®onyva. Pasgenenne dpocgonnnuaos Ha OT-
AernbHble hpakumMn NpoBoOAMIM METOAOM TOHKOCIIOMHOW XpomaTtorpadum Ha cunukarene. benkoBbi CNekTp CTpoMmbl
nccnegoBany ¢ NOMOLLLIO refnb-XpomaTtorpagoum.

Pe3ynbraThl  nx obcyxaeHune. MexaHn3am penapaTMBHOIO AeNCTBUSA 9KCTPaKTa KarnyCTbl OrOPOAHOW NPy 3KCne-
pPUMEHTarnbHOW A3Be Xenyaka 3aknoyaeTcsl B 00pa3oBaHMM HOBOW chpakummn 6enkoB ¢ MornekynsipHow maccoin 36 k[da
1 BOCCTaHOBMEHWM nunuaHoro coctaea knetok COXK. OTo conpoBoxaanocb Hopmanuaaumen CTpyKTypHO-(OYHKLMO-
HanbHOrO COCTOSIHWS CNU3UCTON 0BOMNOYKU MO TUMY PECTUTYLMUNM - C NMOSHBIM BOCCTAHOBIIEHWEM CIM3UCTON 06OMOYKN.

BbiBoAbl. QKCTPAKT KanyCTbl OFOPOAHOM NpY I3BEHHOM MOPAXXEHUM XenyaKka cnocobCTBYeT npoLeccam pereHe-
pauun 6enkoB 1 NMNMAOB B KINETKax CrM3ncTon 060Mnoykm xxenyaka, Yto NpMBOAUT K ee penapauuu.

Knroyeenie crioea: akcmpakm; kariycma o20po0Has; si3ea xernyoka; bernku; nunudkl; penapayus
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Gastric and duodenal ulcers are the most common
diseases of the internal organs, according to the data of
the world statistics they are distributed in about 10 % of
the adult population.

The leading role in initiating ulcer belongs to disor-
ders of physicochemical and biochemical processes at
the level of the epithelial mucous cells of the stomach
(MCS). Proteins and lipids are the main structural com-
ponents of cells in the cellular metabolism; they play a
key role in reception, general regulation of intracellular
processes. The basis of the cell structure disorders is a
complex of interconnected and interdependent processes
covering both the protein and lipid phases. It is clear
that the change in the viscosity of cellular lipids deter-
mines the structural lability of proteins [1]. Therefore,
the studies of the protein and lipid content of MCS are
the necessary aspect in treating gastric ulcer disease.

Antioxidants have a positive effect on the metabo-
lism and regenerative processes. They neutralize the ac-
tivation of lipid peroxidation processes and restore the
structural composition of membranes [2]. Phenolic com-
pounds, being natural synergists of ascorbic acid, occupy
a significant place among of numerous antioxidants and
are widely represented in the plant world [3].

In official medicine, the register of anti-ulcer drugs
from plants, which effectiveness has been confirmed by
the experimental and clinical studies, is quite limited.
The data of folk medicine concerning the gastroprotec-
tive properties of plant sources gives the wide opportu-
nities for researchers to create new drugs that have not
found application in practice of treating patients with
peptic and duodenal ulcers yet.

The Brassica oleracea extract was obtained at the
Department of Chemistry of Natural Compounds of the
National University of Pharmacy. This extract contains
vitamins: C, P, B1, B2, B6, K, D, carotene, retinol, thiamine,
phenols, bioflavonoids, enzymes, mineral salts, micro-
elements, lysozyme, glucobrassicin, neoglucobrassicin,
amino acids, hormonal substances, phytoncides, and others.

The aim of our work was to study the effect of the
Brassica oleracea extract on the total content of pro-
teins and lipids of mucous cells of the stomach in the
experimental ulcer.

Materials and methods

Experiments were conducted on 30 nonlinear male
rats weighing 200 £+ 10 g. Animals was kept under vi-
varium conditions at constant temperature and humidity.
The rats were divided into 3 groups. Group 1 was intact
animals. The gastric ulcer was modeled in rats of group
2 (control), it was reproduced by the combined intro-
duction of prednisolone and ethyl alcohol [4]. Animals
were kept on a starvation diet with free access to water
for 24 hours. After the specified time rats were injected
prednisolone in the dose 20 mg/kg and 80 % ethyl alco-
hol in the dose of 0.6 ml/100 g of the animal’s body
weight. Prednisolone was pre-dissolved in alcohol. Star-
ting from the second day after the ulcer modeling the ani-
mals of group 3 were introduced the Brassica oleracea
extract in the dose of 50 mg/kg. Euthanasia was performed

by overdosing etheric anesthesia in all series of the experi-
ment on day 16 after the beginning of the experiment.

To study the phospholipid content of membranes the
lipid fraction was separated by Folch method. [5]. The
principle of the method is in that phospholipids are more
polar compounds than neutral lipids. They are poorly
soluble in weakly polar solvents such as ether, hexane,
chloroform, and separated from neutral lipids when dis-
solving in the mixture of chloroform and methanol (2 : 1).
The following reagents were used: activated silicic acid;
the chloroform-hexane-diethyl ether mixture of solvents
(2 : 1 :1); the mixture of chloroform-methanol (2 : 1);
the 1-st solvent system: diethyl ether-benzene-ethanol-
acetic acid (40 : 50 : 20 : 0.2); the 2-nd solvent system:
diethyl ether-hexane (6 : 94). Silicic acid was used to
separate phospholipids from neutral lipids.

The following procedure was used. To the centri-
fuge tube add 1 g of activated silicic acid and 50 mg of
lipids dissolved in 4 ml of the mixture of chloroform-
hexane-diethyl ether (2 : 1 : 1), stir for 15 min and centri-
fuge for 10 min at 3000 rpm. Then wash the layer con-
taining silicic acid with 5 ml of the chloroform-hexane-
ether mixture (2 : 1 : 1), while the neutral lipids are wa-
shed with the solvent. Remove phospholipids adsorbed
in silicic acid by 3-time rinsing with 20 ml of chloro-
form-methanol mixture (2 : 1).

Separation of phospholipids into separate fractions
was carried out by thin layer chromatography on silica
gel using the solvent system of chloroform-methanol-
acetic acid-water (60 : 50 : 1 : 4).

The concentration of cholesterol was determined by
the enzymatic method [6] on a chemical analyzer. The
colorimetric determination of free fatty acids is in ob-
taining the corresponding copper salts and their subse-
quent reaction with diethyl dithiocarbamate.

The protein spectrum of the stroma was studied by
gel chromatography [7, 8]. Separation of proteins from
the stroma was performed using Sephadex G-200. The
chromatographic column with the size of 2.5 x 50 cm
was filled with sephadex swollen in 1 % solution of so-
dium dodecyl sulfate (DDC-Na). The empty volume of
the column determined by blue dextran was 57.6 ml.
The cellular stroma dissolved in the presence of DDC-Na
(the sample volume of 4.5 ml, the protein concentration
of 25 mg/ml) was applied on the column, the elution
rate was set to 20 ml/g (the eluent — 1 % DDC-Na solu-
tion), and fractions of 2.5 ml were collected by special
micropipettes. The molecular mass of proteins in the co-
lumn eluent was calculated according to the formula of
G. Determan:

Ig M = 6.698-0.987 (Ve/Vo),

where: M — is the molecular mass; Ve — is the volume of
the yeild; Vo — is the blank volume [8].

The fractions were removed from the detergent by
dialysis with 50 % ethanol and distilled water, then they
were concentrated with dry sephadex. The data obtai-
ned were processed using Student t-test.
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Table 1
The content of neutral lipids (Mkg/mg of protein) in MCS of rats in gastric ulcer on day 16 of the experiment
(X+S, n=10)
Experimental conditions Cholesterol Triacylglycerol Fatty acids
Intact rats 13.8+0.7 461.3 £5.1 162.0+2.3
Control group (ulcer without treatment) 8.5 + 0.4* 160.2 + 3.4* 626.7 + 4.8*
Ulcer + the Brassica oleracea extract 14.5 + 0.8** 396.0 £ 3.9%/** 274.0 + 3.4%/**
Notes: * — p < 0.05 compared to the intact animals; ** — p < 0.05 compared to the control group.
Table 2
The content of phospholipids (Mkg/mg) in MCS of rats in gastric ulcer on day 16 of the experiment
(X+Sy, n=10)
Experimental conditions LPH Pl PEA
Intact rats 20.1£0.5 458+ 1.2 67.9+1.8
Control group (ulcer without treatment) 37.8+0.9*% 18.1 £ 0.5% 25.8 +1.2*%
Ulcer + the Brassica oleracea extract 21.3+£0.7** 31.2 + 0.6%/** 50.1 £+ 0.8%/**

Notes: * - p < 0.05 compared to the intact animals; ** — p < 0.05 compared to the control group.

Results and discussion

When studying the protein content of MCS in ani-
mals with gastric ulcer it was found that the total protein
content varied compared to intact rats. Thus, there was
disappearance of protein fractions with the molecular
mass of 72, 89, 95 and 99 kDa.

The results obtained indicated degradation of high
molecular weight proteins in MCS in ulcer; it led to disor-
ders of the regenerative capacity of the mucous memb-
rane. After introduction of the Brassica oleracea extract
a statistically significant recovery of proteins with the
molecular mass of 89, 95 and 99 kDa in the total MCS
fraction was determined. In this case, the protein with
the molecular mass of 72 kDa was not restored. In con-
trast, in the experimental model of ulcer molecular pro-
teins with the mass of 19 kDa disappeared when intro-
ducing the Brassica oleracea extract, along with this a
new group of proteins with the molecular mass of 36 kDa
appeared. In our opinion, formation of a new fraction
of proteins when introducing the Brassica oleracea ex-
tract is due to inclusion of auxiliary mechanisms that ac-
celerate the reparative regeneration of MCS. Probably,
the drug contributes to emergence of regulatory stimuli
that cause the discovery of certain genes and, therefore,
the synthesis of new proteins.

Cholesterol and phospholipids are the main struc-
tural components of cellular biomembranes. Cholesterol
controls packaging and mobility of fatty acid chains in
phospholipids, and it determines selective permeability
of membranes. The complex study of the lipid content
of MCS: the content of fractions of neutral lipids and
phospholipids in the experimental gastric ulcer was con-
ducted. Our studies have shown that in ulcer there are
multidirectional changes in the lipid content, and it con-
firms participation of the lipid metabolism in develop-
ment of metabolic disorders in this pathology. Thus, there
was a decrease in the content of cholesterol by 1.6 times

and triacylglycerol by 2.9 times (Tab. 1). The introduc-
tion of the Brassica oleracea extract to the rats resulted
in normalization of the content of cholesterol to the le-
vel of intact animals and increased the content of tria-
cylglycerol by 2.5 times compared to control.

The study of the phospholipid content of MCS in
rats on day 16 of the experiment showed a decrease of
the main fractions of phospholipids — phosphatidyl ino-
sitol (PI) and phosphatidyl ethanolamine (PEA) by 2.5
and 2.6 times, respectively (Tab. 2), at the same time,
the content of fatty acids increased in MCS by 3.9 times
(Tab. 1). In the control group it was also determined that
there was the increased content of lysophosphatidylcho-
line (LPH) in MCS by 1.9 times due to activation of the
processes of lipid peroxidation.

The introduction of the Brassica oleracea extract re-
sulted in decreasing of the content of fatty acids by 2.3 ti-
mes, LPH by 1.8 times, and increasing the content of PI
and PEA by 1.7 and 1.9 times, respectively, compared
to the control rats.

Thus, the results obtained indicate that the mecha-
nism of the reparative action of the Brassica oleracea
extract in the experimental gastric ulcer consisted in for-
mation of a new fraction of proteins with the molecu-
lar mass of 36 kDa and restoration of the lipid content
of MCS. It was accompanied with normalization of the
structural and functional state of the mucosa by the res-
titution type with complete restoration of the mucous
membrane.

CONCLUSIONS

The Brassica oleracea extract in ulcerative damage
of the stomach promotes the processes of regeneration
of proteins and lipids on mucous cells of the stomach
leading to reparation; it leads to restoration of the struc-
tural and functional state of the mucous membrane.

Conflict of Interests: authors have no conflict of
interests to declare.



ISSN 2415-8844 (Online) VISNIK FARMACIT 1 (93) 2018 ISSN 1562-7241 (Print) 57

REFERENCES
1. MaprunoBuy, . I OxucauTeIsHO—BOCCTaHOBUTENBHBIEC Tipoliecchl B kineTkax / I. I. Maprunosuy, C. H. Uepenkesud. — MH : BI'Y,
2006. — 154 c.

2. OKHCIUTENBHBIN CTpecc : maronorndeckue cocrosuus u 3abonesanus / E. b. MensmukoBa, H. K. 3enkos, B. 3. Jlankun u np. — Hoo-
cubupck : APTA, 2008. — 284 c.

3. 3enkoB, H. K. AHTHOKCHIaHTHEIC U POTHBOBOCHAIUTEIBHBIC CBOMCTBA HOBBIX BOJOPACTBOPUMBIX CEPOCOICPKAIINX (DEHONBHBIX CO-
equaenunii / H. K. 3enkos, E. b. Mensiukosa, H. B. Kanganunnesa // buoxumust. —2007. — T. 72, Boim. 6. — C. 790-798.

4. Slxonesa, JI. B. EkcriepumeHTansHe BUBUCHHS HOBHX MPOTHBUpa3KkoBHX npemnaparis / JI. B. SIkosnesa, I. B. O6onenuesa, JI. I1. Bproz-
rinoBa // JIOKIiHIYHI JOCTIKEHHS JTIKapChKUX 3ac00iB : METOA. pek.; 3a pex. wi.—kop. AMH VYkpainu O. B. Credanosa. — K. : ABinen-
Ha, 2001. — C. 321-333.

5. Folch, J. A simple method for the isolation and purification of total lipids from animal tissues / J. Folch, V. Less, G. H. Slean Stanley //
J. Biol. Chem. — 1957. — Vol. 226, Issue 2. — P. 494-509.

6. Bespyxkosa, I. A. VccnenoBanme gpepmeHToB B uTpaTHOH 1uta3me kposu / I A. bespykosa, B. 1. Py6un, O. M. Anucumosa // Jlabopa-
TopHoe feno. — 1991, — Ne 3. — C. 29-31.

7. Laemmli, U. K. Cleavage of structural proteins during the assembly of the head of bacteriophage T 4 / U. K. Laemmli // Nature. — 1970. —
Vol. 227, Issue 5259. — P. 680—685. doi: 10.1038/227680a0

8. Herepman, I. Tenb—xpomarorpadus / I. lerepman. — M. : Mup, 1970. — 252 c.

REFERENCES

Martinovich, G. G., Cherenkevich, S. N. (2006). Okislitelno—vostanovitelnye protcesy v kletkakh. Minsk: BGU, 154.

2. Menshchikova, E. B., Zenkov, N. K., Lankin, V. Z. et al. (2008). Okislitelnyi stress: patologicheskoe sostoianie i zabolevanie. Novosi-
birsk: ARTA, 284.

3. Zenkov, N. K., Menshchikova, E. B., Kandalintceva, N. V. (2007). Biokhimiia, 72 (6), 790-798.
Yakovlieva, L. V., Obolentseva, H. B., Briuzhinova, L. P. (2001). Doklinichni doslidzhennia likarskykh zasobiv. K.: Avitsena, 321-333.

5. Folch, I, Less, V., Slean Stanley, G. H. (1957). A simple method for the isolation and purification of total lipids from animal tissues.
J.Biol. Chem., 226 (2), 494-509.

Bezrukova, G. A., Rubin, V. 1., Anisimova, O. M. (1991). Laboratornoe delo, 3, 29-31.

7. Laemmli, U. K. (1970). Cleavage of Structural Proteins during the Assembly of the Head of Bacteriophage T4. Nature, 227 (5259),
680-685. doi: 10.1038/227680a0

8. Determan, G. (1970). Gel-khromatografiia. Moscow: Mir, 252.

Information about authors:
Kononenko N. M., Doctor of Medicine (Dr. habil.), professor, head of the Department of Pathological Physiology, National University of Pharmacy.
E-mail: kononenkonn76@gmail.com
Mirzaliev M. T., postgraduate student of the Department of Pathological Physiology, National University of Pharmacy
Ostapets M. O., Candidate of Medicine (PhD), teaching assistant of the Department of Pathological Physiology, National University of Pharmacy.
E-mail: marina.ostapets.22@gmail.com
Bigomocrti npo aBropiB:
Kononenko H. M., 1-p mex. Hayk, nmpodecop, 3aBigyBau kadeapu narosoriunoi ¢isionorii, HanionansHuii (hapMalieBTHYHUN yHIBEPCUTET.
E-mail: kononenkonn76@gmail.com
Mip3sanie M. T., acnipant xadeapu naronoriaxoi ¢isiomnorii, Harionansunii GpapmaneBTuaHmii yHiBepcuTeT
Ocranenp M. O., kauJ. MeJl. HayK, acHCTEHT Kadepu narosoriunoi ¢izionorii, Hanionansuuii GapmareBTHUHINA yHIBEPCHTET.
E-mail: marina.ostapets.22@gmail.com
Caeiennsi 00 aBTOpax:
Kononenxo H. H., 1-p mex. Hayk, npodeccop, 3aBeayiomas kadeapoii naronoruyeckoit puznonorun, HaunonanbHbii GpapMaleBTHUECKHI yHHBEPCHTET.
E-mail: kononenkonn76@gmail.com
Mup3sanues M. T., actiupanT kadeapbl natogoruyeckoit pusnonaorun, HannoHanbHbli apManeBTHYSCKU YHUBEPCHTET
Ocraner; M. A., kaH/. MeJl. HayK, aCCHCTEHT Kadeapsl matonorndeckoit pusnonorun, HanmonanbHbli GapManeBTHUeCKHi YHHBEPCUTET.
E-mail: marina.ostapets.22@gmail.com
Haoiiwna 0o peoaxyii 16.11.2017 p.



