MeguuuHa

UDC 616.314:664.315

Anatoly LEVYTSKY

Doctor of Biological Sciences, Professor, Professor of the Department of Grain and compound feed Technology,
Odesa National Technological University, Kanatnastr., 112, Odesa, Ukraine, 65039 (irina.selivanskaya@gmail.com)
ORCID: 0000-0002-1966-542X

SCOPUS: 7004258441

RESEARCHER ID: B-2672-2016

Iryna SELIVANSKA

Candidate of Technical Sciences, senior lecturer of the Department of Clinical Chemistry and Laboratory Diagnostics,
Odesa National Medical University, Valikhovsky Lane 2, Odesa, Ukraine, 65000 (irina.selivanskaya@gmail.com)
ORCID: 0000-0002-9273-4401

SCOPUS: 57223324301

RESEARCHER ID: HWR-8720-2023

Vladyslav VELYCHKO

Candidate of Medical Sciences, physician-surgeon, Department of invasive methods of diagnosis and
treatment of the Odesa Regional Clinical Hospital, Akademika Zabolotny str., 26/32, Odesa, Ukraine, 65000
(vlvelichkol3@gmail.com)

ORCID: 0000-0001-5038-8312

To cite this article: Levitsky A., Selivanska I., Velychko V. (2024). Kompleksne biohimichne vyznachennja
likuval"no-profilaktychnoi' efektyvnosti fitozasobiv pry urazheni pechinky shhuriv, jaki spozhyvaly smazhenu
sonjashnykovu oliju [Integrated biochemical determination of the therapeutic and preventive effectiveness of
herbal remedies for liver damage in rats that consumed fried sunflower oil]. Fitoterapiia. Chasopys — Phytotherapy.
Journal, 3, 86-91, doi: https://doi.org/10.32782/2522-9680-2024-3-86

INTEGRATED BIOCHEMICAL DETERMINATION OF THE THERAPEUTIC
AND PREVENTIVE EFFECTIVENESS OF HERBAL REMEDIES FOR LIVER DAMAGE
IN RATS THAT CONSUMED FRIED SUNFLOWER OIL

Actuality. For an objective assessment of the therapeutic and preventive effectiveness of phytopreparations, especially when
developing new drugs, it is necessary to use several markers of pathogenicity. It is established that a number of factors take part in
the development of the pathological process in the body: microbes, peroxidation processes, activation of proteolysis, reduction of the
level of protective systems (antioxidant, protease inhibitors, immune system). The nature of changes in indicators of these systems and
factors makes it possible to evaluate the therapeutic and preventive effect of herbal preparations for various diseases.

The aim of the study. To conduct a comparative assessment of the therapeutic and preventive effectiveness of new multifunctional
anti-dysbiotic phytopreparations in the liver of rats that consumed fried sunflower oil.

Material and methods. Fried sunflower oil (FSO) was obtained by thermal peroxidation in the presence of a catalyst. FSO was
added to the feed in the amount of 2 g/kg. As phytopreparations, we used multifunctional anti-dysbiotic agents with the content of
prebiotics, antioxidants, protease inhibitors and lysozyme, namely kvertulin, lequin, lekasil and lysozyme-forte.

Rats received FSO during the 75 days of the experiment, and herbal preparations in a dose of 300 mg/kg, starting from the
31st day of the experiment. After euthanasia of the animals, on the 76th day of the experiment, the level of biochemical indicators
of pathogenicity was determined in the liver: activity of urease, elastase, and malondialdehyde (MDA) content, as well as the level
of biochemical indicators of protective systems: activity of lysozyme, catalase, and the antioxidant-prooxidant index of API. The
percentage of increase in the level of pathogenicity markers and the percentage of decrease in the level of protection markers were
calculated. The sum of these indicators (in%) testified to the state of pathology of the liver under the conditions of the action of FSO.
Similarly, the state of pathology was determined under the action of phytopreparations against the background of consumption of
FSO. Therapeutic and preventive effectiveness (TPE) was estimated according to the formula TPE = PE P, 100%, where: PE, —is the
pathogenic effect of FSO; PE, — is the pathogenic effect of FSO against the background of the phytoprepdration.

Research results. The use of phytopreparations to a certain extent reduces the growth of pathogenicity indicators, inhibits the
decrease in the level of protection markers. According to the sum of these indicators, lysozym-forte (32,8%), followed by kvertulin
(20,4%) and lekasil (18,9%) revealed the largest TPE.

Conclusion. 1t is recommended to use phytopreparations lysozyme-forte or kvertulin for the prevention of liver damage when
consuming FSO. Further research is needed to develop more effective phytopreparations.

Key words: liver, fried oil, phytopreparations, methods of determining therapeutic and preventive effectiveness.
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KOMIIVIEKCHE BIOXIMIYHE BU3HAYEHHS
JIKYBAJIBHO-IPO®LIAKTHYHOI EGEKTUBHOCTI ®ITO3ACOFIB
IIPU YPAXKEHHI NEYIHKH YPIB, AKI CIIOKUBAJIU CMAKEHY COHAIIHUKOBY OJITIO

Axmyanvricms. /{15 06 exmuenol oyinku 1iKy8anbHO-npoginakmuunol echexmuernocmi himonpenapamis, 0coonuso nio uac pos-
pobnenns HogUX npenapamis, HeoOXIOHO BUKOPUCMOBYBAMU 0EKibKA MApKepie namoenHocni. Yemanogneno, wjo y po3gumky namo-
JI02iuH020 npoyecy 8 opeanizmi bepe yuacmv HU3KA YUHHUKIG: MIKpOOU, npoyecu nepokcuoayii, akmueayis npomeonisy, SHUMCEeHHs
PIBHSA 3aXUCHUX cucmeM (AHMUOKCUOaHmuU, IHei6imopu npomeas, IMyHHa cucmema). Xapaxmep 3MiH NOKA3ZHUKIE YUX cucmem i YUHHU-
Ki6 0ae MOJCIUBICIb OYIHIOBAMU NIIKYBATIbHO-NPOGLIaKmuyHy 0ito (himonpenapamie npu pisHUX 3axX60PHO6AHHSIX.

Mema 0ocnidsycenna — npogecmu NOPiGHANbHY OYIHKY JMIKYEANbHO-NPOPINIAKMUYHOT egheKmusHocmi HOBUX NONIDYHKYIOHATLHUX
AHMUOUCOIOMUYHUX imonpenapamis y nevinyi wjypis, Ki CHONCUBATU CMANCEH) COHAUHUKOBY OIII0.

Mamepian i memoou. Cuadsiceny consiunurxogy onito (CCO) ompumysanu wiaxom mepmonepokcuoayii y npucymmocmi kamari-
samopa. CCO 6800unu 0o cknady kopmy 6 kinokocmi 2 e/ke. Ak ¢himonpenapamu uxopucmano po3poodieHi Hamu noaiQyHKYioHATbHI
aHmMuoOucOiomuyHi 3acoou 3 yMicmom npediomuxie, aHMUOKCUOAHMIS, T30yumMy ma iH2iOimopie npomeas, a came: KGepny/iH, J1eK6iH,
nexkacun i rizoyum-gopme.

Lypi ompumysanu CCO enpooogac 75 Onie docnioy, a gpimonpenapamu — y 003i 300 me/xe, nouunarouu 3 31-20 OHA 00Cnioy.
Iicna eemanaszii meapun Ha 76-ui OeHb 00CAIY 8 NeUiHYl BUHAUANU PIGeHb OIOXIMIYHUX NOKAZHUKIE NAMOL02II: AKMUSHICMb ypeasu,
enacmasu ma emMicm ManiorHo8o2o oianvoezioy (MIA), a maxooic pieeHb OIOXIMIUHUX NOKAZHUKIE 3AXUCHUX CUCTEM: AKMUBHICMb 1i30-
yumy, kKamanasu i GHMUOKCUOaHmuo-npookcuoanmuuil inoexc AIIl. Pospaxogysanu 6iocomok 30inbuieHHs pieHa Mapkepie namonozii
ma 8i0COmMoK 3HudICeH s piens mapkepie 3axucnty. Cyma yux noxkasHuxie (v%) ceiouuna npo cman namonozii neuinku 6 ymosax oii
CCO. Ananoziyno eusnauanu cman namozennocmi 3a 0ii pimonpenapamis na mai cnosxcusanns CCO. Jlikysanvno-npoghinaxmuumy
eppexmusnicmo (JIIIE) oyintosanu 3a ¢opmynor JINE = @- 100%, pe. [/, — namozenna ois CCO; I/, — namozenna dis CCO na
mni ¢himonpenapamy. e

Pezynomamu docniocennn. Yemanosneno, wo nio uac cnosxcusanus CCO y neuinyi wypie 3uauno (v comui pasis) spocmae
AKMUBHICMb ypeasu, wjo ceiouums npo Mikpoone oOCIMeHIHHA, | CYMmMEBO 3pOCMAE pisens npoyecie nepoxkcuoayii 1inidis, npo sxe
ceiouumo 36inbwents emicmy MIA ma 3nudicenns piens inoexcy AIll.

3acmocysanns gpimonpenapamis nesHoI MIpoIO 3HUNCYE PIC NOKA3HUKIE NAMO2EHHOCHI, 2ANbMYE 3HUICEHHS PIGHA MApKepie
saxucmy. 3a cymoro yux noxaznuxie nauoinewy JIIE eussue nizoyum-popme (32,8%), nomin — xeepmynin (20,4%) i naiimenuty —
nexacun (18,9%).

Bucnoeok. Pexomenodosano guxopucmogysamu 0is npogpinaxmuru ypasicensb neyinku nio yac cnosicusanns CCO ¢gimonpenapamu
nizoyum-gpopme abo keepmyniny. Heobxioni nooanvuii 0ocnioxcenta 01 po3podnents 0inbiu eghekmuenux gpimonpenapamis.

Knrwouosi crosa: neuinka, cmadxcena onisi, ghimonpenapamu, Memoou 6U3HAYEHHs IIKY8AIbHO-NPOPLIAKMUYHOL eeKmUusHOCMI.
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Actuality. High-temperature fatty cooking always
leads to the formation of various toxic products (trans
isomers, aldehydes, ketones) from unsaturated fatty
acids (Levitsky, 2021). It has been shown that these
products cause the development of pathological inflam-
matory processes in the animal body, activation of lipid
peroxidation (LPO), disruption of histo-hematic barri-
ers, and a decrease in the level of non-specific immunity.

In our previous studies, it was established that the
consumption of thermoperoxide fats, especially fried
sunflower oil, causes damage to almost all organs and
tissues, and the liver is the most affected (Levitsky,
2021). As a result of the consumption of fried sunflower
oil in the liver, LPO and proteolysis are activated, the
level of protective systems decreases: antioxidant, anti-
microbial, non-specific immunity, reparation (Marcellin,
Kutala, 2018).

In this work, we used the following biochemical indi-
cators of the pathological state: elastase enzyme activity,
urease enzyme activity, and malondialdehyde (MDA)
content (Levitsky et al., 2018).

In a pathological condition, the level of biochemical
markers of pathology not only increases, but also decreases
the level of biochemical markers of protective systems, the
total reduction of which (PE ) is also determined by this
formula, but in this case, the indicator in the pathological
condition is subtracted from the control indicator.

For the prevention and treatment of complications
arising from the consumption of thermoperoxide fats,
we offered the so-called polyfunctional anti-dysbiotic
agents (PFADA), which include prebiotics, antioxi-
dants, protease inhibitors, vitamins and calcium salts
(Gozhenko et al., 2013; Levitsky et al., 2014).

In this work, we used 4 PFADA preparations, namely
kvertulin, lequin, lekasil and lysozyme-forte, the com-
position of which is presented in table 1.

The aim of the study. The purpose of this work was
to determine the therapeutic and preventive effective-

Table 1
Characteristics of tableted forms
of polyfunctional antidysbiotic remedies

Product Composition Regulatory documentation

Quercetin, TC 10.8-13903778-040:2012

Kvertulin inulin, calcium | Conclusion MPU Ne 05.03.02-
citrate 06/44464 ot 17.05.2012
Lecithin, TC 10.8-37420386-003:2016

Lequin quercetin, inulin, | Conclusion MPUNe 05.03.02-
calcium citrate 08/8400 ot 21.03.2016
Lecithin, milk TC 10.8-37420386-005:2017

Lekasil thistle meal, Conclusion MPU Ne 602-123-
calcium citrate [ 20-2/12102 ot 25.04.2017

— LZ:?:;?le}nulin TC 10.8-37420386-004:2016

fg . Y qelatin ot | Conclusion MPU Ne 602-123-
gelatm, 20-2/5734 01 22.12.2016
citrate
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ness of the above drugs in relation to liver damage in
rats that received fried sunflower oil with food.

Material and methods. White Wistar rats (males,
7-8 months, 240-260 g) were used in the work, which
were fed fried sunflower oil (FSO) at a dose of 2 g/kg
for 75 days. Fried sunflower oil was obtained accord-
ing to the method (Levitsky, 2021). There were a total of
6 groups of rats with 7 heads in each: 1st—intact control, 2nd,
3rd, 4th, 5th and 6th groups received food with FSO from
the first to the 75th day of the experiment. The 3rd group
additionally received the drug Kvertulin from the 31st day
of the experiment until the 75th day, the 4th group similarly
received the drug Lequin, the S5th — the drug Lekasil, and the
6th — the drug lysozyme-forte. All drugs were administered
with food at a dose of 300 mg/kg body weight.

After euthanasia of the animals on the 76th day of the
experiment under thiopental anesthesia, by total bleed-
ing from the heart. In the homogenate of liver, the activ-
ity of elastase, urease, catalase, lysozyme, MDA content
was determined, and the antioxidant-prooxidant index of
API was calculated based on the ratio of catalase activity
and MDA content. All these methods were carried out
in accordance with the methods described in the mono-
graph (Levitsky et al., 2018).

Based on the obtained results, the percentage of
increase in the level of pathogenicity markers (elastase,
urease, MDA) and the percentage of decrease in the
level of protection markers (lysozyme, catalase, API)
were calculated.

The therapeutic and preventive effectiveness (TPE) of
phytopreparations was calculated according to the formula

PE, — PE
TPE=——"2

PE, 2.100%, where -

PE, — the sum PE +PE | in the liver of rats that
received FSO for 75 days (2nd group);

PE, — the sum PEp+PEpr in the liver of rats, which
additionally received a phytopreparation from the
31st day of the experiment.

Statistical processing of the research results was carried
out on a computer using the licensed software product Sta-
tistica 7.0. The Student's t test was used for comparative
analysis of the results of independent groups of experi-
ments. Results with p<0.05 were considered reliable.

Research results. Tables 2 and 3 presents the results
of determining the level of biochemical markers of path-
ogenicity, which indicate a significant increase in the
activity of the microbial enzyme urease in the liver of
rats after long-term consumption of FSO. Urease is an
indicator of microbial insemination. To a lesser extent,
indicators of the inflammatory process increase, namely
the content of MDA and the activity of the proteolytic
enzyme elastase.

All investigated herbal preparations inhibited the
growth of elastase activity and MDA content, but had

Ne 3, 2024




MeguuuHa

little effect on the growth of urease activity, with the
exception of the drug lysozyme-forte, which reduces
the increase in the activity of this bacterial enzyme by
1.5 times. Lysozym-forte proved to be the most effective
in terms of the total pathogenic effect of FSO on the liver.

Tables 4 and 5 presents the results of determining the
influence of FSO and herbal preparations on biochemical
indicators of protective systems. It can be seen that the anti-
oxidant-prooxidant index of API decreases to the greatest
extent, and catalase activity to the least. The use of the drug
kvertulin even increased the level of API, which is proba-
bly due to the ability of quercetin, which is part of this drug,

to inhibit LPO (Levitsky et al., 2014). Kvertulin turned out
to be better in terms of the amount of pathogenic effect of
SFO on indicators of protection markers.

Table 6 presents the results of determining the total
pathogenic effect on the state of the liver of rats consum-
ing FSO and herbal preparations. From these data, it can
be seen that the drugs lysozyme-forte and kvertuli reduce
the pathogenic effect of FSO to the greatest extent.

The figure shows the results of determining the ther-
apeutic and preventive effectiveness of the herbal prepa-
rations used by us, from which it can be seen that the use
of the drug lysozyme-forte reduces the pathogenic effect

Table 2

The effect of herbal preparations on the level of biochemical markers of pathogenicity in the liver of rats
that received of fried sunflower oil

Ne Ne Group Elastase, mk-kat/kg Urease, mk-kat/kg MDA, mmol/kg
1 | Control 335,4+16,8 0,032+0,014 24,98+2,10
2 | Fried sunflower oil (FSO) 445,0+£21,6 p<0,01 0,176+0,023p<0,05 52,12+1,32p<0,001
3 |FSO + kvertulin 343,8+20,1p>0,3; p1<0,01 | 0,127+0,026 p<0,05; p1>0,05 | 38,02+2,76 p<0,05; p1<0,05
4 | FSO + lequin 359,6+25,0 p>0,3; p1<0,05 | 0,129+0,017 p<0,05; p1>0,3 | 40,00+1,37 p<0,05; p1<0,05
5 |FSO + lekasil 360,3+9,8 p>0,3; p1<0,05 | 0,100+0,021 p<0,05; p1>0,05 | 35,02+2,10 p<0,05; p1<0,01
6 |FSO+ lysozyme-forte 354,1+17,9 p>0,3; p1<0,05 | 0,091+0,024 p>0,05; p1<0,05 | 38,97+1,17 p<0,05; p1<0,01

p — in comparison with group Ne 1; p, —in comparison with group Ne 2.

Table 3

Increase in the level (%) of biochemical markers of pathogenicity in the liver of rats treated with
phytopreparations against the background of consumption of fried sunflower oil (FSO)

Indexes FSO FSO + kvertulin FSO + lequin FSO + lekasil FSO+ lysozyme-forte
Elastase 32,8 10,1 13,7 13,7 12,4
Urease 450 4222 4233 406,8 340,3
MDA 108,4 81,3 85,1 75,6 75,2
PEp 591,2 513,6 522,1 496,1 4279

Table 4

The effect of herbal preparations on the level of biochemical markers of protection in the liver of rats that
received of fried sunflower oil

Ne Ne Group Lysozyme, unit/kg Catalase, mkat/kg API, unit/kg
1 | Control 86,0+4,0 5,56+0,07 2,2340,13
2 |Fried sunflower oil (FSO) 52,4+4,0 p<0,01 4,87+0,08 p<0,01 0,93+0,11 p<0,01
3 |FSO + kvertulin 60,0+5,0 p<0,05; p1>0,05 5,54+0,08 p>0,3; p1<0,05 1,45+0,14 p<0,05; p1<0,05
4 FSO + lequin 62,0+8,0 p<0,05; p1>0,05 5,15+0,07 p<0,05; p1<0,05 1,29+0,10 p<0,05; p1<0,05
5 | FSO + lekasil 55,0+3,0 p<0,01; p1>0,3 5,26+0,13 p<0,05; p1<0,05 1,50+0,13 p<0,05; p1<0,05
6 | FSO+ lysozyme-forte 72,0+6,0 p>0,05; p1<0,05 5,54+0,08 p>0,5; p1<0,01 1,42+0,11 p<0,05; p1<0,01

p — in comparison with group Ne 1; p, —in comparison with group Ne 2.

Table 5
Decrease in the level (%) of biochemical markers
of protection in the liver of rats that received
phytopreparations against the background
of consumption of fried sunflower oil (FSO)

Table 6
The effect of herbal preprations on the total pathogenic
effect on the liver fried sunflower oil (FSO)

indexes | £SO | FSO* |FSO+| FSO+ [ FSO Ilysozyme- Group Phytopreparation X PEp+PEpr
kvertulin | lequin | lekasil forte 2 FSO 699,6
Lysozyme | 395 | 241 | 203 | 33, 1,0 3 FSO + kvertulin 556,8
Catalase | 10,6 | 425 | 48 | 5.1 5.1 4 FSO + lequin 589,3
API 583 | 33.6 | 421 | 227 363 5 FSO + Iekasil 567,6
PEpr 1084 432 67,2 61,5 42,4 6 FSO + lysozyme-forte 470,3
®itorepanis. Yaconuc Ne 3, 2024 g9 mm
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of FSO by 32,8%, kvertulin by 20,4%, and Lekasil by
only 18,9%, possibly due to the absence of quercetin in
its composition (fig. 1).

40 -

32 -
24 -

TPE

16 -

[=Ree]

1 2 3 4

Fig. 1. Therapeutic and prophylactic effectiveness
(TPE) of phytopreparations on the pathological
condition of the liver of rats that consumed fried

sunflower oil (1 — kvertuline, 2 — lequin, 3 — lekasil,

4 — lysozyme-forte)

Discussion. Different body systems take part in the
development of pathological processes, the state of
which is determined mainly by biochemical indicators.

In our work, we used the following indicators as
markers of the pathogenic state: the activity of the bac-
terial enzyme urease, which is an indicator of microbial
insemination (Levitsky, 2019), the activity of the prote-
olytic enzyme elastase, which is secreted by leukocytes
(Levitsky, 2019) and the content of the final product of
lipid peroxidation — malondialdehyde (MDA ). All these
indicators reliably increase in the liver of rats that con-
sumed fried sunflower oil (FSO).

As biochemical markers of protective systems, we
used the following indicators: the activity of the antimi-
crobial enzyme lysozyme, the activity of the antioxidant
enzyme catalase, and the complex indicator antioxi-
dant-prooxidant index AP

All these markers are significantly reduced in the
liver of rats that consumed FSO.

Guided by the law of dialectical philosophy about the
transition of quantity into quality, we determined the total
change of biochemical markers for the purpose of greater
objectivity in the assessment of the pathological condition.

All four phytopreparations that were used in our
work contained calcium citrate, prebiotic inulin, and a
polyphenolic compound, the most effective of which
was quercetin (Levitsky et al., 2014). Only one remedy,
namely Lysozyme-forte, contained lysozyme. This drug
turned out to be the most effective, which gives reason to
consider the microbial factor as the main reason for the
development of the pathological process in the liver of
rats that consumed FSO (Levitsky, 2021).

Conclusions

1. Long-term consumption of thermoperoxide
sunflower oil by rats significantly increases the level
of biochemical markers of the pathological condition
in the liver, namely elastase activity by 32.8%, MDA
content by 108.4%, and urease activity by 450%.

2. Long-term consumption of thermoperoxide
sunflower oil by rats significantly reduces the level
of biochemical markers of protection in the liver,
namely the activity of catalase by 10.6%, lysozyme
by 39.5%, and the API index by 58.3%.

3. The proposed complex biochemical method
(CBM) for determining the therapeutic and preven-
tive effectiveness of new phytopreparations.

4. Lysozyme-forte was the most effective of the
tested phytopreparations due to the presence of
quercetin bioflavonoid and lysozyme enzyme in it.

5. It is necessary to continue the work on the
development of new phytopreparations with greater
therapeutic and preventive effectiveness.
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