%\X 3epHoBi npoxykTH i kombikopmu, Vol.20, |. 2 (78) / 2020

@ i.i 1 ONAFT
UDC 612.197.23: 587.11: 616.03 @-::J 1-'lzL Open Access

DOI: https://doi.org/
A. Levitsky', Dr of Biological Sciences, Professor, E-mail: flavan@mail.ru
Scopus ID 7004258441, ORCID 0000-0002-1966-542X, Researcher ID: B-2672-2016
A. Lapinska', PhD. Sc., Associate Professor, E-mail: alocnka.onaft@gmail.com
ORCID 0000-0003-4217-2516, Researcher ID: B-6483-2016
Department of technology Feed and Biofuel Technologies, Tel. +38048 7124013
'Odessa National Academy of Food Technologies, 112, Kanatna Str., Odessa, 65039, Ukraine
I. Selivanskaya’, PhD. Sc., Associate Professor, E-mail: irina_selivansky@mail.ru
’Odessa National Medical University, Odessa, Ukraine
I. Khodakov’, research officer
State Establishment “The Institute of Stomatology and Maxillo - facial Surgery NAMS"

DEVELrOPMENT OF AN EXPERIMENTAL MOI;EL OF
AVITAMINOSIS F

Abstract

The article analyzes the role of essential polyunsaturated fatty acids (PUFA), especially omega-3 series in humans and ani-
mals. The biosynthesis of essential PUFA in humans and animals is very limited, so they must be consumed with food (feed). The
ratio of omega-3 and omega-6 PUFA is very important. Biomembranes of animal cells contain about 30% PUFA with a ratio of w-6/
w-3 1-2. As this ratio increases, the physicochemical properties of biomembranes and the functional activity of their receptors
change. The regulatory function of essential PUFA is that in the body under the action of oxygenase enzymes (cyclooxygenase,
lipoxygenase) are formed extremely active hormone-like substances (eicosanoids and docosanoids), which affect a number of physio-
logical processes: inflammation, immunity, metabolism. Moreover, w-6 PUFA form eicosanoids, which have pro-inflammatory, im-
munosuppressive properties, and -3 PUFAs form eicosanoids and docosanoids, which have anti-inflammatory and
immunostimulatory properties. Deficiency of essential PUFA, and especially w-3 PUFA, leads to impaired development of the body
and its state of health, which are manifestations of avitaminosis F. Prevention and treatment of avitaminosis F is carried out with
drugs that contain PUFA.

To create new, more effective vitamin F preparations, it is necessary to reproduce the model of vitamin F deficiency.

An experimental model of vitamin F deficiency in white rats kept on a fat —free diet with the addition of coconut oil, which is
almost completely free of unsaturated fatty acids, and saturated fatty acids make up almost 99 % of all fatty acids was developed.

The total content of w-6 PUFA (sum of linoleic and arachidonic acids), the content of w-3 PUFA (a-linolenic,
eicosapentaenoic and docosahexaenoic acids) in neutral lipids (triglycerides and cholesterol esters) defined. The content of w-6
PUFA under the influence of coconut oil decreased by 3.3 times, and the content of w-3 PUFA - by 7.5 times.

The influence of coconut oil, the content of w-6 PUFA decreased by 2.1 times, and the content of w-3 PUFA - by 2.8 times.
The most strongly reduces the content of w-3 PUFA, namely eicosapentaenoic, coconut oil, starting from 5 %. Consumption of FFD
with a content of 15 % coconut oil reduces the content of eicosapentaenoic acid to zero, ie we have an absolute deficiency of one of
the most important essential PUFAs, which determined the presence of vitamin F deficiency.

Key words: essential fatty acids, coconut oil, vitamin F deficiency, w-6 PUFA, w-3 PUFA, fatty nutrition.

Introduction 1-2 [1]. As this ratio increases, the physicochemical
Avitaminosis F — is a deficiency of essential poly- properties of biomembranes and the functional activity of
unsaturated fatty acids (PUFA), especially omega-3 se- their receptors change.
ries [1].It is known that the composition of PUFA in- The regulatory function of essential PUFA is that
cludes fatty acids, the radical of which is two, three, four, in the body under the action of oxygenase enzymes (cy-
five or six double bonds and which are divided depend- clooxygenase, lipoxygenase) are formed extremely active
ing on the location of the double bond in the third from hormone-like substances (eicosanoids and docosanoids),
the terminal methyl group of the carbon atom or in the which affect a number of physiological processes: in-
sixth from the terminal methyl group of the carbon atom. flammation, immunity, metabolism [3].
Omega-3 PUFA include a-linolenic acid (Cig3, ®-3), Moreover, -6 PUFA form eicosanoids, which
eicosapetaenoic (Cy.5, ®-3) and docosahexaenoic (Cy,. ¢, have pro-inflammatory, immunosuppressive properties,
®-3). Omega-6 PUFA include linoleic (Cig,, ®-6), y- and ®-3 PUFAs form eicosanoids and docosanoids,
linolenic (C,g3, ®-6), arachidonic (Cyp.4, ®-6). which have anti-inflammatory and immunostimulatory
The biosynthesis of essential PUFA in humans properties.
and animals is very limited, so they must be consumed Deficiency of essential PUFA, and especially ®-3
with food (feed). PUFA, leads to impaired development of the body and its
Essential PUFA have two main functions: struc- state of health, which are manifestations of avitaminosis
tural and regulatory. The structural function of PUFA is F. Prevention and treatment of avitaminosis F is carried
that they are necessary for the construction of out with drugs that contain PUFA.
biomembranes, without which there is no cell of the To create new, more effective vitamin F prepara-
body. Moreover, the ratio of omega-3 and omega-6 tions, it is necessary to reproduce the model of vitamin F
PUFA is very important [2]. Biomembranes of animal deficiency.
cells contain about 30 % PUFA with a ratio of ®-6 / ®-3 The aim of our work was to develop an experi-
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mental model of vitamin F deficiency in white rats kept
on a fat —free diet with the addition of coconut oil, which

Table 2 - The total content of PUFA in neutral lipids of rat
liver, whoreceived FFD with the addition of coconut oil (%)

is almost completely free of unsaturated fatty acids, and
saturated fatty acids make up almost 99 % of all fatty
acids [4].

Materials and methods of research

White Wistar rats were used. Rats were fed a 30-
day fat-free diet (FFD) supplemented with 5, 10, or 15%
coconut oil. The content of w-6 PUFA (linoleic and
arachidonic) and ®-3 PUFA (eicosapentaenoic and
docosahexaenoic) in gas and liquid chromatography was
determined in neutral lipids of the liver and blood serum.

The experiments were performed on 24 Wistar
rats (males, 3 months), which received a fat-free diet

Ne Group ¥ -6 PUFA[E ©-3 PUFA| ©-6/m-3

1 || FFD 14,3+1,8 | 0,75+0,24 19,1

2 | FFD + 5 % 5,9£1,0 0,25+0,19 23,6
coconut oil

3 || FFD + 10 % 4,5+0,9 0,17+0,08 26,5
coconut oil

4 || FFD + 15 % 4.3+1,1 0,10+0,06 43,0
coconut oil

Table 3 - The total content of PUFA in neutral serum lipiq
of rats,who received FFD with the addition of coconut oil (%

(FFD) [5], the composition of which is presented in table
1. All rats were divided into 4 equal groups: Ne Group X -6 PUFAY 0-3 PUFAl 0-6/0-3
Table 1 - The composition of the fat-free diet for rats [5] 1 FFD 14,6:2,0 | 0,78+0,23 18,7
Ne Component Content, g/ kg
1 Maizestarch 660 2 FFD + 5 % 10,2£1,4 | 0,72+0,24 14,2
2 Soybeanmealisdefatted 150 coconut 0(1]1
3 Ovalbumin 30 3 || FFD+ 10 A; 7,6+1,1 0,40+0,19 19,0
coconut oil
4 Sugar 90
5 N i 20 4 (| FFD+15% 6,9+0,9 0,28+0,14 24.6
ineralmixture coconut oil
6 Vitaminmixture 10

Ist - control, which received FFD, 2nd received
FFD with the addition of 5% coconut oil (instead of
starch), 3rd received FFD with the addition of 10 % co-
conut oil and 4th - with the addition of 15 % coconut oil.
The duration of the experiment was 30 days.After eutha-
nasia, the animals were isolated liver and received serum.
In the neutral lipids of all tissues, the content of PUFA
was determined by gas chromatographic method [6].

Results and discussion

Consumption of coconut oil dose-dependently re-
duces the total amount of PUFA in neutral lipids of liver
and serum. The content of ®-6 PUFA is reduced in the
liver by 3.3 times and in the serum by 2.1 times when
consuming a diet of 15 % coconut oil. The content of ®-3
PUFA is reduced in the liver by 7.5 times, in the serum
by 2.8 times.

Under these conditions, the
eicosapentaenoic acid decreased to zero.

The total content of ®-6 PUFA (sum of linoleic
and arachidonic acids), the content of -3 PUFA (o-
linolenic, eicosapentaenoic and docosahexaenoic acids)
in neutral lipids (triglycerides and cholesterol esters) of
rat liver is shown in the table 2, what does the content of
®-6 PUFA under the influence of coconut oil decreased
by 3.3 times, and the content of ®w-3 PUFA - by 7.5
times.

content of

The ratio of ®-6 / ®-3 increases by 1.3 - 2.3 times
and for the group with the addition of 15 % coconut oil is
43,0.

Similar figures, but for neutral serum lipids, are
presented in table 3, which shows that under the influ
ence of coconut oil, the content of w-6 PUFA decreased
by 2.1 times, and the content of ®-3 PUFA - by 2.8
times.
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The ratio of ®-6 / -3 increases by 1.32 times and
for the group with the addition of 15 % coconut oil is
24.6.

The most strongly reduces the content of ®-3
PUFA, namely eicosapentaenoic, coconut oil, starting
from 5 % (Fig. 1).

< 1,4
g 121
Q
£ 1
22 0817
g O 6./-
% H
2 04
-2
o 0,217]
O+
0 5 10 15
Oliver Oblood serum 9% coconut oil

Fig. 1 - The effect of coconut oil on the content of
eicosahentaenoic acid inneutral lipids

Consumption of FFD with a content of 15 % coconut oil
reduces the content of eicosapentaenoic acid to zero, ie
we have an absolute deficiency of one of the most im-
portant essential PUFAs, which determined the presence
of vitamin F deficiency.

Conclusions

An experimental model of vitamin deficiency F
(PUFA deficiency) was developed, which consists in
feeding rats FFD with the addition of 15 % coconut oil
for least 30 days. Fat-free diet does not eliminate the
presence of PUFA in the body.

The consumption of coconut oil (in an amount of
15 %) in a fat-free diet causes the development of exper-
imental deficiency of vitamin F.

http://grain-feed.onaft.edu.ua
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PO3POBKA EKCIIEPUMEHTAJIBHOI MOJIEJII ABITAMIHO3Y F

Anomauis

Y emammi npoananizosano pone nezaminnux noninenacuuenux scupnux kuciom (IIHXK), ocobnueo epynu omeza-3 ons ao-
Oeti ma meapun. Bbiocunmes nezaminnux ITH)KK y moounu i meapun Oyoice odmedicenuti, momy ix HeoOXiOHO 8icusamu pasom 3
iicero (kopmom). Cnisgionowenns omeea-3 ma omeea-6 IIHKK ¢ oyoce sasicnusum. Biomembpanu kaimun meaputn micmsamo 01u3b-
ko 30 % ITH)KK y cnigsionowenni w-6 / w-3 1-2. 3i 36invuennam ybo2o cnig8ionowents Qizuxo-ximiyni enacmugocmi 6iomemopan
ma Qynkyionarbha akmugnicmos ix peyenmopis 3minoiomucs. Peeymoioua ¢ynxyis ITH)KK nonseae 6 momy, wo 6 opeanizmi nio
Oi€lo epmenmis oxcucenasu (YUKIOOKCULEHA3U, NINOKCULEHA3U) YMBOPIOIOMbCA HAO38UUAUHO AKMUEHI 2OPMOHONOOIOHI peuosuHu
(etiko3anoiou ma 00K03aHOiOu), AKi GNIUAIONb HA HU3KY (DI3I0N02i4HUX npoyecig: 3ananenHs, iMynimem, oOMin peyogun. Biivuie
moeo, w-6 PUFA ymeopioioms eliko3anoiou, AKi mMaroms npo3anaivti, iMyHocynpecusHi enacmueocmi, a @-3 PUFA ymeopioroms
elKO3aHoiou ma 00K03aHoIoU, SIKi MAlOMs NPOMU3ANALHI ma iMyHocmumymodi enracmusocmi. Jepiyum naisasxciusiwoi ITHXKK,
a ocobnuso w-3 ITHXKK, npuzeooums 00 nopyuieHHs po3gumky opeamizmy ma tio2o camonouymms, wjo € nposgamu agimaminosy F.
Ipoghinakmuxa ma nixysauns agimaminosy F 30iicnoemocs npenapamamu, wo micmame ITHKK.

[l cmeopenns nogux, 6inbu epekmugnux npenapamie gimaminy F neobxiono eiomeopumu mooenv degiyumy gimaminy F.

B pobomi 6y10 po3pobiaeno excnepumenmanvhy mooens oediyumy gimaminy F y 6inux wypis, wjo 3Hax00UmCy Ha Jcuposii
diemi 3 000a8aHHAM KOKOCOBOI 01, AKA Maiidice NOGHICMIO He MICMUmMb HEeHACUYEHUX JICUPHUX KUCTOM, A HACUYEHUX JICUPHUX
Kuciom cmanosums maiidice 99 % ycix srcuphux Kuciom.

Busnaueno 3azanonuii emicm w-6 IIHKK (cyma ninonesoi ma apaxioonosoi xuciom), émicm -3 ITH)XXK (a-ninonenosa,
eliK03aneHmaeno8a ma O0OK03a2eKCACHO8A KUCIOMU) 8 HeUmpanbHux ainioax (mpueniyepuou ma cKAAOHI e@ipu Xonrecmepumy).
Bmicm w-6 PUFA nio éntusom koxocoeoi onii smenwuecs 6 3,3 pasu, a emicm w-3 PUFA -y 7,5 pasa.

Bnaus xoxocosoi onii, emicm w-6 ITHXKK 3menwuecsa 6 2,1 pasu, a emicm -3 ITHKK - y 2,8 pasu. Haiibinew cunvho
sHudicyemvbea emicm -3 PUFA, a came elikozanenmaenoeoi, nouunarouu 3 5 % kokocoeoi onii, CROJCUBAHHA KOPMY 3 8MiCIHOM
KoKoco6oi onii 15 % 3menutye emicm elko3aneHmacHosol Kuciomu 0o Hyas, moomo mu Maemo abcomomuull degiyum ooHici 3
nausasicnusiwux nezaminnux ITHXKK, sika eusnavana nasenicmo oegiyumy eimaminy F.

Knwuogi cnoea: nezaminni scupni kuciomu, kokocosa onis, degiyum simaminy F, w-6 IIHXKK, w-3 ITHKK, scupose xap-
YYBaAHHSL.
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