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The impact of excess fat and high-calorie intake on the human body is an acute problem for many economically developed
countries. Modelling the effects on the health of rats of supplementing their diet with crushed seeds of Echinacea purpurea (L.)
Moench and Sylibum marianum (L.) Gaertn was carried out in a laboratory experiment. In the control group of animals, body
weight increased by 700 mg/day, with the addition of E. purpurea seeds — by 1394 mg/day and with the addition of S. marianum
seeds — by only 155 mg/day. A hypercaloric diet supplemented with E. purpurea caused a significant decrease in the relative
weight of the liver, thymus, spleen, stomach, and brain. The supplementation with S. marianum seeds to the diet of animals signifi-
cantly reduced only the relative weight of the thymus. Adding E. purpurea to the diet caused a strong increase in blood alkaline
phosphatase activity, an increase in the cholesterol content, and a sharp increase in the atherogenic index. The seeds of
S. marianum increased the alkaline phosphatase activity, reduced the glucose concentration, and triglycerides, significantly reduced
the atherogenic index and lowered the C-reactive protein concentration in the rats’ blood when compared with the control group.
The seeds of E. purpurea contributed to an increase in the erythrocyte and lymphocyte number in the blood, and the seeds of
S. marianum — to a decrease in the thrombocyte concentration. The research results show the possibility of wider use of S. maria-
num fiuits as a dietary supplement in the diet of patients with hypertension and impaired liver finction.

Keywords: relative mass of the organs; increase in the body weight; high-fat diet; milk thistle.

Introduction

According to the World Health Organization, coronary heart disease,
stroke and liver cirthosis are ranked third, fourth and tenth among all
causes of human death in 2019, respectively. And according to the same
organization, coronary heart disease and stroke are the first and second
leading causes of death in humans in 2019, respectively, in upper-middle-
income countries. One of the reasons for the development of these
diseases is the increased calorie intake and high-fat content in the human
daily diet (Pinto Junior & Seraphim, 2012). Increasing the role of medi-
cinal plants that are traditional in folk medicine for the treatment of
metabolic diseases is one of the trends in modem medicine (Wilson et al.,
2006; Yamada et al., 2011; Saad et al., 2017; Zazharskyi et al., 2020).
Despite the widespread use of distinct medicinal plants, their potential has
not been fully explored. In particular, this applies to widespread species
from the Asteraceae family — Echinacea purpurea and Silybum maria-
num. Currently, products containing them are very common: they can be
purchased in pharmacies, food stores and health stores — hundreds of
different commercial preparations are available (Saini et al., 2020).

Purple coneflower (Echinacea purpurea (L.) Moench) is a perennial
decorative and medicinal plant with large, up to 15 cm in diameter, purple-
pink inflorescences-baskets. A long flowering period (up to two months),
its high decorativeness and unpretentiousness to certain soil and hydro-
logical conditions contribute to the spread of this species in gardens, and
flowerbeds on most continents, although the birthplace of this plant is the
eastern part of the United States. Echinacea purpurea is a medicinal plant
with a long history of use in medicine, especially for infections (Kligler,
2003; Sharifi-Rad et al., 2018; Zazharskyi et al., 2019). It contains many
active substances, but the main active component of this plant is a mixture
of hydroxycinnamic acids: cichoric, ferulic, coumaric and caffeic. In ad-
dition, the plant contains polysaccharides (heteroxylans, arabinoramno-

galactans), essential oils (0.15-0.50%), flavonoids, tannins, saponins,
polyamines, echinacin (polyunsaturated acid amide), echinolone (unsatu-
rated keto-alcohol), echinacoside (glycoside containing caffeic acid and
catechol), organic acids, resins, phytosterols and other components.
Theplant is rich in macro- (potassium, calcium) and microelements
(selenium, cobalt, silver, molybdenum, zinc, manganese, etc.) (Barnes
etal., 2005).

As a medicinal plant, E. purpurea is safe and does not have signifi-
cant toxicity, does not show consequential interactions with other medi-
cinal plants and synthetic drugs, and has practically no contraindications
and unwanted side effects (Izzo & Emst, 2001; Block & Mead, 2003).
It has been widely studied in laboratory animals (Skaudickas et al., 2004;
Jiang et al., 2014; Boyko & Brygadyrenko, 2016; Cadiz et al., 2019; Gutyj
et al., 2022), and is also being continuously studied in humans for its
potential clinical applications (Sutovské et al., 2015; Stevenson et al.,
2016). Echinacea purpurea is used for various diseases: depression,
mental and physical fatigue, tonsillitis, inflammatory diseases of internal
organs, acute infectious diseases, wounds, ulcers and burns (Barrett, 2003;
Bames et al., 2005; AL, 2008; Arafa, 2010; Hudson, 2012). Regardless of
the extract type or preparation, E. purpurea is considered an immune
response enhancer, and its main indications are the prevention and treat-
ment of cold, flu, and infections of the upper respiratory tract or lower
urinary tract (Sperber et al., 2004; De Rosa et al., 2019; Cheng et al.,
2020). Echinacea polysaccharides are used as antioxidant agents (Hou
etal., 2020). In vitro, E. purpurea has shown direct antiviral activity
against enveloped viruses such as coronavirus, yellow fever virus, herpes
simplex virus, and parainfluenza virus (Aucoin et al., 2020; Bokelmann,
2022).

Echinacea purpurea is acknowledged to activate the immune system
by stimulating T-cell production, lymphocytic activity, phagocytosis, cel-
lular respiration, and suppressing the secretion of the hyaluronidase enzy-
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me. Only four main groups of compounds in echinacea preparations have
been determined to stimulate the immune response: the phenylpropanoids
related to caffeic acid derivatives (caftaric acid, cynarine, cichoric acid and
echinacoside), the alkylamides (2-ene and 2.4-diene), glycoproteins and
polysaccharides (Bauer, 1999; Dobrange et al., 2019). Among the descri-
bed mechanisms of the immunomodulatory effect, the evidence is the
activation of macrophages, polymorphonuclear leukocytes and natural kil-
lers, the ability to change the number and activity of T- and B-lympho-
cytes (Gurbuz et al., 2002; Barrett, 2003). The ability of E. purpurea to
improve the immune function of the organism due to the activation of in-
nate immune responses and the possibility of enhancing humoral immu-
nity has also been studied (Hall et al., 2007). Enhancement of cellular
immunity occurs with a 4-day administration of E. purpurea extract at a
dose of 0.6 mL/kg/day, which indicates the effect of the drugs only when
they are urgently used (Freier et al., 2003).

Despite numerous studies, the therapeutic effect of E. purpurea is
difficult to unequivocally attribute to any particular class of components.
In medical practice, as an immunostimulant, ethyl alcohol tincture of vari-
ous concentrations, water decoction and echinacea extract are used. In the
treatment of cold, E. purpurea can reduce the duration of the disease and
alleviate its course (Schulten et al., 2001; Sperber et al., 2004; David &
Cunningham, 2019), but this effect is pronounced at the onset of symp-
toms; its long-term use has also been explored (Block & Mead, 2003).
However, according to the review by Karsch-Volk et al. (2014), this plant
is not effective in preventing or treating the common cold.

The use of E. purpurea had a significant radioprotective and radio
recovery effect on the levels of lymphocytes, neutrophils, and monocytes
in blood during an experiment in gamma-irradiated mice (Abouelella
etal., 2007; Ramasahayam et al., 2011). [n vitro studies have shown that
the main component of echinacea, chicoric acid, inhibits the proliferation
of human colon cancer cells in a dose- and time-dependent manner.
It reduces telomerase activity and induces apoptosis in colon cancer cells.
In mice with leukaemia, it exerts a suppressive effect on leukemic cells
through IFN-y activity (Yao et al., 2019; Bokelmann, 2022).

A number of scientific works are devoted to the study of the
biological effect of echinacea on the farm animals organism (Bashchenko
et al., 2020; Hashem et al., 2020; Awad et al., 2021). In poultry farming,
chicoric acid, the main active component of echinacea, is used as a growth
stimulant with antioxidant, anti-inflammatory, antibacterial, hypoglycae-
mic and hepatoprotective effects. Chicoric acid can be used as an alterna-
tive to antibiotics and can improve meat quality and health in broiler
chickens (Saced et al., 2018). Echinacea purpurea extract positively
affects the production of antibodies against Newcastle disease during
vaccination and significantly reduces the mortality rate of chicks (Bozor-
gmehrifard et al, 2010). The use of chicoric acid also increases the
antibody titers against Newcastle disease, but the echinacea extract itself,
added to the diet of chickens, does not have a positive effect on growth
rates and intestinal histology during the growth period (Gurbuz et al.,
2010). The effect of the inclusion of dried E. purpurea grass as a feed
additive in the diets of sows, piglets and fattening pigs on their growth
rates, blood composition dynamics, plasma enzymes, including lympho-
cyte proliferation, antibody status, and the content of proteins and immune
globulins in colostrum was studied. Maass et al. (2005) concluded that
E. purpurea could be used as a feed additive to achieve immunostimu-
latory efficacy in pig production and improve feed conversion. The use of
Echinacea juice as a feed additive in the diet of laying hens and pigs has
shown that repeated two-day stimulation is sufficient to enhance the im-
mune response. Also, the use of juice did not affect the productivity of
chickens, but caused a significant change in the number of blood lympho-
cytes, the rate of phagocytosis and the antibody titers to Newcastle disease
(Bohmer et al., 2009). Echinacea purpurea extract at a dosage of 1.5 g per
head per day has a positive effect on the composition and physicoche-
mical parameters of rabbit meat quality and meat productivity (Voroshilin
etal., 2020). The effect of echinacea over significant periods of time on the
relative mass of animal organs has not been studied, there are only
fragmentary studies of the effect of echinacea on biochemical parameters
and the blood cell composition. Comprehensive assessments of the effects
of any Echinacea preparation in mammals under conditions of excess
caloric intake or high-fat diets are not available.
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Milk thistle (Sylibum marianum (L.) Gaertn.) is an annual or biennial
herbaceous plant, up to 2.5 m high. The leaves are large, up to 80 cm long,
with yellow spikes along the edge of the leaf and along the veins, the leaf
blade is shiny with bright white spots. The flowers are pink, collected in
cephalic inflorescence. Milk thistle is native to the Mediterranean (Egypt,
Israel, Turkey, Italy, Greece, France, Bulgaria, Albania, countries of the
former Yugoslavia, Spain and Portugal). The species is widely distributed
throughout the world: Europe, Africa, North and South America, Austra-
lia, Central and East Asia. It grows in weedy places, is bred in gardens,
orchards. It is classified as an aggressive weed. It is cultivated for medici-
nal raw materials and as a honey plant. For a long time, milk thistle was
not considered as a raw material for the production of pharmacological
preparations, however, it was found that the fiuits contain a group of
flavonolignans, the components of which are silibinin, silidianin and
silichristin, and also raw materials such as isosilibinin, silidianin, isosili-
christin, silimonin, silandrin. The chemical composition of the fruits
includes proteins, saponins, fatty oil (up to 25%), alkaloids, vitamin K,
macro- and microelements, tyramine, histamine, resins, mucus.

The main active ingredients of milk thistle are flavonoids and flavo-
nolignans under the general name silymarin. Silymarin is a complex
mixture of polyphenolic molecules, including seven closely related flavo-
nolignans (silibinin A, silibinin B, isosilibinin A, isosilibinin B, silichristin,
isosilichristin, silidianin) and one flavonoid (taxifolin). Silibinin, a semipu-
rified fraction of silymarin, is primarily a mixture of two diastereoisomers,
silibinin A and silibinin B, in a roughly 1:1 ratio. Silibinin is the
component with the highest degree of biological activity and makes up
from 50% to 70% of silymarin. Silymarin is found throughout the plant,
but its highest concentration is in the seeds. Silymarin acts as an anti-
oxidant, reducing the free radical formation and lipid peroxidation, has an
antifibrotic effect, and can act as a toxin blocker by inhibiting the toxins
binding to hepatocyte cell membrane receptors (Wesotowska et al., 2007).
Silymarin has been used to treat alcoholic liver disease, acute and chronic
viral hepatitis, and toxin-induced liver diseases (Abenavoli et al., 2010;
Kostek et al., 2012). Research also shows that silymarin and its active
ingredient, silibinin, work as antioxidants, scavenging free radicals and
inhibiting lipid peroxidation. They protect against genome damage,
increase protein synthesis in hepatocytes, decrease tumour promoter
activity, stabilize mast cells, chelate iron, and slow down calcium
metabolism (Flora et al., 1998). Neha et al. (2014) assessed the association
between high-fat diet-induced obesity and dementia, stating that silymarin
may play an important role in improving cognitive status in post-obesity
dementia through anti-inflammatory and antioxidant effects. According to
scientific research, the mechanisms by which silymarin exerts its influence
on the prevention and treatment of metabolic syndrome can be divided
into several groups. In diabetes mellitus, silymarin reduces plasma glucose
levels by reducing insulin resistance and restoring the beta cell of pan-
creatic insular islets (Yao et al., 2013). Silymarin regulates vascular tone
and prevents platelet aggregation, which regulates blood pressure in hy-
pertensive conditions. In diabetes and hypertension, silymarin prevents
urinary excretion of albumin, thereby reducing kidney damage (Fallah-
zadeh et al., 2012). The last two mechanisms focus on non-alcoholic fatty
liver disease and hyperlipidaemia, by which silymarin regulates the lipid
profile by reducing hepatic steatosis and improves liver function through
its antioxidant and cytoprotective effects (Detaille et al., 2008; Salomone
etal., 2012, 2015, 2017). Studies conducted on patients with type 2 diabe-
tes mellitus with severe hyperlipidaemia have shown the clinical efficacy
of silymarin in combination with berberine. Their use may improve
fasting blood sugar, total cholesterol, LDL, triglycerides, and hepatic trans-
aminases (Di Pierro et al., 2013, 2015; Derosa et al., 2015). A study on the
effect of silymarin on diabetic patients showed a significant increase in the
body’s total antioxidant capacity (Ebrahimpour Koujan et al., 2015).

2,3-Dehydrosilybin, which exhibits pronounced antioxidant proper-
ties, has been isolated from the seeds of S. marianum. Milk thistle meal
contains 5% silymarin (the sum of milk thistle flavonoids and flavono-
lignans). A valuable effect of flavonolignans is the ability to neutralize the
action of poisons in hepatocytes. The mechanism of action is direct
interaction with free radicals, which slows down the intensity of free
radical reactions, due to which one can observe a pronounced effect of
slowing down the effect of toxic substances and their derivatives on the
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structural components of hepatocytes (Torres et al., 2004). Scientists have
created hepatoprotective drugs based on the seeds of milk thistle, which
have antioxidant, and immunomodulatory properties, including a slight
choleretic effect. Produced drugs “Bonjigar”, “Silibor”, “Legalon”, “Kar-
sil”, “Gepabene”, “Zdravushka”, “Gepasil” contain a number of flavono-
ids and flavonolignans. This plant is used to treat diseases of the liver (he-
patitis, cirrhosis, toxic lesions), spleen, gallstones, jaundice, chronic cough
and others.

In medicine, milk thistle oil, squeezed from seeds, alcohol and water
extracts of milk thistle, milk thistle syrup are used. The fatty oil of the fruit
is characterized by regenerating and wound healing properties (Meddeb
etal,, 2018). Milk thistle is used in dietary nutrition: young shoots and
leaves are recommended to be soaked in cold water to remove bitterness
and added to salads or boiled like spinach dishes. Dried leaves and flowers
are crushed and added to meat dishes as a seasoning. Pharmacies sell
ground milk thistle fruits and fruit meal, which can be added to meat and
vegetable dishes or consumed in powder form. Tea bags with ground milk
thistle seeds are also on sale. Milk thistle seeds are also used in cooking for
the manufacture of functional foods. Biscuits with the addition of milk
thistle seeds as a source of fibre and an antioxidant ingredient at a dose of
5% reduce the calorie content, firmness and volume of the biscuit, but
have a higher fluidity (Bortlikova et al., 2019; Krystyjan et al., 2022).

The objective of this study was to determine the general effect of
adding crushed E. purpurea and S. marianum seeds to the diet of male rats
with excess calories and high fat content.

Materials and methods

The choice of animals for the experiment, research protocols, and
withdrawal of animals from the experiment was approved by the local
ethical committee of Dnipro State Agrarian and Economic University
(Dnipro, Ukraine). The maintenance, nutrition, care of animals and their
withdrawal from the experiment were carried out in accordance with the
principles set forth in the “European Convention for the Protection of
Vertebrate Animals used for Experimental or other Scientific Purposes”
(Strasbourg, France, March 18, 1986, ETS No. 123) and in Law of
Ukraine “On Protection of Animals from Cruel Treatment” (Kyiv,
February 21, 2006, No. 3447-1V).

For the experiment, three groups of outbred laboratory 1.5-month-old
male rats with an average weight of 200 + 10 g were used. The control
group (n = &) was kept on a high-fat diet with free access to water and
food for 30 days. Two experimental groups, consisting of 8 animals, also
received a high-fat diet for 30 days. The first experimental group was fed
with 5% crushed dry seeds of E. purpurea, and the second group — dry
crushed seeds of S. marianum. A high-fat diet was made on the basis of a
standard diet (75% grain mixture (corn, sunflower grain, wheat, barley),
8% root crops (potatoes, carrots), 2% meat and bone meal, 2% mineral-
vitamin complex) with the addition of 15% sunflower oil (Levchuk et al.,
2021). First, grain, meat and bone meal, mineral-vitamin complex were
ground in a mill, vegetable oil was added to the mixture, and granules
were made on a granulator (Feed granulator GKM-100, Tekhnomash-
stroy, Cherkasy, Ukraine, 2020) for each group at the amount of 4200 g
per 30-day period. For experimental groups, crushed plant seeds were
introduced into the mixture before granulation. Fresh root crops were
given every day in the appropriate amount. Animals had free access to
food and water throughout the day, the amount of food and water consu-
med was taken into account daily and at the end of the experiment.
Animals were kept in polycarbonate cages, 4 individuals per cage, indoors
(temperature 2022 °C, relative air humidity 50-65%, light regime
12 hours of light and 12 hours of darkness). Mature fruits of Echinacea
purpurea and milk thistle grown and collected from the Botanical Garden
of the Oles Honchar Dnipro National University (48.4355° N, 35.0431° E)
were used as medicinal raw materials.

Every day, each animal was observed and weighed, the daily weight
gain and the total weight gain of the rats fed the high-fat diet and
supplemented with the test plants were calculated. Live weight and abdo-
minal volume were determined on the first and 30th day of the experiment
(Lieshchova et al., 2018, 2019, 2020). The functional state of the nervous
system of the experimental animals was determined by determining their

orientation-physical activity and their emotional status in the “open field”
test at the beginning (days 1-4) and at the end of the experiment (days 26—
30). A square setup (1 m?) consisting of 16 squares was used. For 2 minu-
tes, the number of crossed squares from (peripheral and central) was
determined - physical activity was assessed; peripheral (with support on
the wall) and central (without support on the wall) racks — orientation
activity; number of acts of grooming, defecation and urination — to
determine emotional status (Lieshchova & Brygadyrenko, 2021).

Euthanasia of animals was performed on the 30th day of the expe-
riment under anesthesia (80 mg/kg ketamine and 12 mg/kg xylazine,
intraperitoneally) by total bloodletting from the heart. After autopsy, the
condition of the internal organs was visually assessed for the presence of
pathological changes. Selection of organs and tissues (heart, liver, lungs,
thymus, spleen, stomach, small and large intestines, kidneys) was perfor-
med with surgical instruments. The mass of intemnal organs was determi-
ned with an accuracy of + 10 mg.

Blood sampling was performed during the euthanasia of rats. After
anesthesia, blood was taken directly from the heart of the animals. Whole
blood (1.0-1.5 mL) was collected in one tube to obtain serum and further
conduct biochemical studies. 0.5-1.0 mL of blood was collected into a
disposable microtube with K2 EDTA anticoagulant (Chengdu Rich
Science Industry Co., Ltd, China) for further automatic blood cell coun-
ting and preparing blood smears for the leukogram.

Blood serum was obtained by keeping the blood for a certain time
and then centrifuging it in a CM-3M.01 MICROmed centrifuge
(3000 rpm, 5 minutes; MICROmed, Shenzhen, China). To evaluate the
parameters of the protein and mineral metabolism in the obtained blood
serum, the following were determined: total protein and its individual
fractions, albumin/globulin ratio, urea and blood urea nitrogen, creatinine,
total bilirubin, total calcium, non-organic phosphorus, ratio of Ca/P, C-re-
active protein. Carbohydrate metabolism was assessed by the level of glu-
cose (mmol/L). The state of lipid metabolism was assessed by the follo-
wing parameters: cholesterol, blood triglycerides, high density lipoprotein
(HDL) cholesterol (mmol/L) and low density lipoprotein (LDL) choles-
terol, atherogenic index of plasma. Changes in the enzymatic activity in
the blood plasma were determined by the activities of aspartate amino-
transferase (AST, U/L) and alanine aminotransferase (ALT, U/L), alkaline
phosphatase (U/L), gamma-glutamyltransferase (U/L). The De Ritis ratio
(U) was obtained as the ratio of the aspartate aminotransferase activity to
the alanine aminotransferase activity.

All studies of blood biochemical parameters were performed on a
Miura 200 automated analyzer (LS.E. Stl, Rome, Italy). When determi-
ning biochemical parameters, commercial reagent kits manufactured by
High Technology kits of reagents (High Technology Inc, North Attlebo-
rough, MA, USA), PZ Comay S. A. were used according to the
instructions for use (Cormay Diagnostics, Lublin, Poland) and Spinreact
S. A. (Spinreact, Girona, Spain).

The numbers of red and white blood cells in the rats’ stabilized blood
were determined using an automatic hematology analyzer MicroCC-
20Plus (High Technology Inc, North Attleborough, MA, USA). For the
leukogram, blood smears were prepared according to Pappenheim with
their further staining according to Romanovsky-Giemsa, following gene-
rally accepted methods.

The tables show results as x + SD (mean + standard deviation). Diffe-
rences between the control and experimental group values (calculated in
the program Statistica 7.1, StatSoft Inc., USA) were identified using the
Tukey test (with consideration of Bonferroni’s correction), where the dif-
ferences were considered as significant at P < 0.05.

Results

In control, the median body weight of rats fed a high-fat diet increased
to 110.2% relative to the initial weight of animals on the 11th day of the
experiment and did not exceed 112.0% until the 30th day of the experi-
ment (Fig. 1a). The seeds of E. purpurea and S. marianum caused multi-
directional changes in the body weight of the experimental animals
relative to the control group. Male rats fed on E. purpurea seeds did not
exceed 110.0% until the 13th day of the experiment, and by the 30th day
of the experiment they reached 118.2% of the initial animal weight
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(Fig. 1b). The seeds of S. marianum caused a slower increase in body
weight than in the control (Fig. 1¢): the median body weight of male rats
reached a maximum on the 29th day of the experiment — 107.3% relative
to the initial body weight of male rats.

126

Male rats supplemented with E. purpurea seeds drank 21.4% more
water (Table 1) and gained 99.2% more body weight compared to control
animals. This resulted in an increase in abdominal circumference of
17.7% compared to control animals.

124 b Control

122
120

124 +  E. purpurea

T
S. marianum

13 14 15 16 17 18 19 20 21 2 23 24 25

Fig. 1. Changes in body weight of the control variant («) and when ground seeds of Echinacea purpurea (L.) Moench (b) and Sylibum marianum (L.)
Gaertn were added to the animal diet (c): on the abscissa axis — the day of the experiment; on the ordinate axis — body weight of the animals (%) relative
to the initial body weight before the start of the experiment, taken as 100% for each of the experimental animals; small square — median, the upper
and lower boundary of the rectangle — 75% and 25% of the quartile, vertical line — minimum and maximum values, circles — outliers; n =8

The addition of S. marianum seeds to the diet of rats did not cause a
significant increase in water intake, but contributed to a decrease in the
amount of food consumed by 15.6% compared with the control group
(Table 1). This caused a decrease in daily body weight gain from
700 mg/day in control to 310 mg/day when the rats were fed a diet
supplemented with milk thistle; the abdominal circumference of this
group did not significantly differ from the control group.

Consuming E. purpurea (Table 2) significantly reduced the relative
weight of the thymus (to 58.7% of the control group), brain (73.9%),
stomach (77.7%), spleen (81.8%) and liver (to 89.1%). Eating seeds of S.
marianum did not cause a significant change in the relative mass of
organs, with the exception of the thymus relative mass ( to 58.7% of the
control group).

Seeds of E. purpurea in the animals’ diet contributed to a significant
increase in protein content (by 13.2% compared with the control group,
Table 3). Excessive consumption of calories and fats in the composition of
the feed led to excesses beyond the physiological norm for both the expe-
rimental and control groups. The concentration of albumin in all three
groups of rats was within the normal range and did not change under the
influence of medicinal plants. The use of E. purpurea increased the con-

centration globulins in relation to the physiological norm against the back-
ground of a high-fat diet.

The protein coefficient and urea content, did not go beyond the phy-
siological norm (Table 5). The use of E. purpurea in the feed reduced the
concentration of urea nitrogen below the physiological norm (to 81.3% of
the concentration in the control group), and caused an increase in the
creatinine concentration above the physiological norm (up to 118.0% of
the control group).

A high-fat diet caused an increase in the activity of aspartate and ala-
nine aminotransferases several times higher than the physiological norm
in all three experimental groups of animals (Table 3). It should be noted
that the activity of alanine aminotransferase significantly decreased to
60.9% of the values of this parameter in the control group of animals.
The De Ritis ratio of the three experimental groups was within the normal
range only in the group which was consuming S. marianum seeds. Alka-
line phosphatase activity significantly increased in the groups that con-
sumed E. purpurea seeds (up to 240.6% relative to the control group) and
S. marianum (up to 271% relative to the control group).

The blood total bilirubin concentration (Table 3) went beyond the
physiological norm when eating seeds S. marianum, but there were no
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statistically significant differences from the control group. The glucose
concentration was within the physiological norm in the three experimental
groups, although, in the group that consumed the seeds of S. marianum, it
decreased to 75.2% of the physiological norm. The concentration of blood

Table 1

calcium in animals did not differ from the control group and the physio-
logical norm (Table 3). The concentration of phosphorus with the use of
S. marianum seeds decreased to 74.0% of the control group levels, and
correspondingly, the Ca/P ratio increased to 137.3% of the control group.

Change in the body weight, food and water consumption of young male rats under the influence of Echinacea purpurea (L.) Moench
and Sylibum marianum (L.) Gaertn. addition to their ration (x + SD, n =8, duration of experiment — 30 days)

Parameter Control E. purpurea E m Cegn(:gi]gzmd S. marianum 5 mﬁg@m
Consumption of food by animals, g/day 20.09 2194 1092 1696 844
Consumption of water by animals, g/day 1842 22.36 1214 1920 1042
Change in body weight, ng/day 7004271 1394 & 340%** 199.2 310+ 155%* 442
Change in body weight, %/day 13.6+59 18.1£3.7 1332 53£2.6%%* 387
Abdominal volume, cm 140+05 16.5+0.8* 117.7 142+13 101.5

Note: *—P<0.05, **—P <0.01, ***— P <0.001, significant differences inside one line of the table according to the results of ANOV A with Bonferroni correction.

Table 2

Change in relative mass of the organs (%) of male rats under the influence of addition to their ration of Echinacea purpurea (L.) Moench
and Sylibum marianum (L.) Gaertn. (x + SD, n = 8, duration of experiment — 30 days)

E. purpurea compared . S. marianum compared

Organ Control E. purpurea to the control, % S. mariaman to the control, %
Brain 0.867+0.052 0.640 +0.049%** 739 0.826+£0.160 953
Thymus 0.285+0.046 0.167 £0.046%** 58.7 0.167£0.071** 587
Spleen 0.370+0.036 0.303 +£0.043* 81.8 0.382+0.071 103.2
Heart 0.352+0.023 0.330+0.032 93.7 0.382+0.035 108.6
Lungs 0.979+0.169 0.838+0.231 85.6 0.964+0.151 98.5
Right kidney 0.358+0.031 0.306+0.032 854 0.382+0.055 106.7
Left kidney 0.372+0.040 0.297+0.026 80.0 0.371+£0.039 999
Liver 408+0.17 363+0.18* 89.1 3.95+022 96.8
Stomach 0.699 +0.060 0.543 +0.038** 717 0.765+0.176 109.5
Small intestine 2.58+0.52 2.17+036 839 1.82+033 70.5
Cecum 0.509+0.176 0439+0.121 86.2 0444 +0.130 872
Colon 0.374+0.085 0.375+0.064 1004 0442 +0.238 1185
Rectum 0.398+0.073 0413+0.178 103.6 0.361+0.223 90.7
Note: see Table 1.

The addition of E. purpurea seeds to the diet almost halved the activi-
ty of gamma-glutamyltransferase relative to the control group.

Particular attention should be paid to the increase in the concentration
of cholesterol in the blood to the level of 160.1% of the control group in
the animals consuming the E. purpurea seeds. Both plant species caused a
significant decrease in blood triglyceride concentrations in the animals: to
46.2% of the control group levels with E. purpurea and to 34.2% with S.
marianum seeds.

Drastic changes were noted in the absolute concentration of high-
density lipoproteins (decrease to 25.6% from E. purpurea and increase to
240.0% from S. marianum) and low-density lipoproteins (increase to
281.0% from E. purpurea and no significant changes from S. marianum).
This was reflected in a sharp increase in the atherogenic index to 1723.6%
compared to the control group in animals consuming E. purpurea seeds,
and a corresponding decrease to 23.3% of the control group level in the
animals consuming S. marianum seeds (Table 3).

Less pronounced changes were noted in the cellular composition of
the blood (Table 4). Feeding with E. purpurea seeds led to a significant
increase in the content of erythrocytes in the blood up to 112.2% of the
control, and feeding with S. marianum seeds led to a significant decrease
in the concentration of platelets to 71.2% of the control (Table 4). Echina-
cea purpurea seeds also contributed to an increase in the concentration of
lymphocytes in the blood (up to 113.3% of the control group). There were
no significant changes in the open field test between groups and within
groups for the beginning and end of the experiment (Table 5). Significant
changes in physical activity (Fig. 2a) and orienting activity (Fig. 2b) were
not observed during the experiment. There was a tendency (without statis-
tically significant changes in animals at the beginning and at the end of the
experiment) to a decrease in the emotional status in the animals’ groups
fed on the seeds of E. purpurea and S. marianum (Fig. 2c).

Discussion

In most economically developed countries, obesity has become one
of the most pressing social problems. Even a moderate degree of obesity
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increases the risk of cardiovascular disease, diabetes, and dyslipidemia
(a component of the metabolic syndrome). Some progress has been made
in the treatment and prevention of obesity, and a number of schemes have
been proposed, including non-drug, drug and surgical methods. Thus,
among the medical methods widely used synthetic drugs that normalize
the hormonal background, suppress appetite, reduce digestion and more.
An altemative to synthetic drugs is medicinal plants, which often have a
similar mechanism of action, but are less toxic, have a relatively low cost
and do not harm the environment (Thyagarajan et al., 2002).

Metabolic syndrome is one of the growing global health and medical
concerns due to several clinical complications it can cause, such as an
increased risk of myocardial infarction and hypertension. On the other
hand, much attention has been directed to the value of herbal medicines.
For example, a well-known remedy with many scientific publications
confirming the preventive and therapeutic effects of silymarin, extracted
from the dried seeds of S. marianum, on various components of the
metabolic syndrome. It has been shown to have protective effects such as
reducing insulin resistance, regulating blood pressure and lipid profile, as
well as antioxidant and cytoprotective effects (De Avelar et al., 2017;
Tajmohammadi et al., 2018; Camini & Costa, 2020).

In order to select the most effective medicinal plants that can signifi-
cantly affect the normalization of metabolic processes, while not causing
morphological and functional disorders in the body, we conducted studies
of some medicinal plants — Origanum vulgare and Scutellaria baicalensis
(Lieshchova & Brygadyrenko, 2022), Salvia officinalis and S. sclarea
(Lieshchova et al., 2021), Lavandula angustifolia, Melissa officinalis and
Vitex angus-castus (Lieshchova & Brygadyrenko, 2021), as well as the
official spirit tincture Aralia elata (Brygadyrenko et al., 2019; Lieshchova
et al., 2022). In this study, we determined the effect of E. purpurea and
S. marianum seeds on the growth and development of laboratory animals
on a high-fat diet.

The results of studies indicated that these medicinal plants affect the
body weight gain of laboratory animals, and the addition of E. purpurea
seeds to the diet stimulated an increase in body weight up to 1394 mg/day,
and the consumption of S. marianum seeds significantly slowed down to
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155 mg/day compared with the control group, which received only a high- E. purpurea seeds sharply increased the intensity of body weight gain, and
fat diet (weight gain 700 mg/day). The addition of medicinal plant seeds by the end of the experiment, it was the rats of this group that had the
also changed the amount of feed and water consumed. Thus, eating the largest weight and abdominal volume, this is probably why the relative
seeds of E. purpurea increased the amount of water drunk by animals,and ~ weight of some internal organs was reduced comparatively to the para-
S. marianum reduced the amount of food eaten. Since the addition of ~ meters of the control group animals.

Table 3
Change in blood biochemical parameters of male rats under effect of addition to their diet Echinacea purpurea (L.) Moench
and Sylibum marianum (L.) Gaertn (x + SD, n =8, duration of experiment — 30 days)

E. purpurea compared S mariamm S. marianum compared

Parameters Control E. purpurea to the control, % to the control, %
Parameters of the protein and mineral metabolism
Total protein, g/L 770+49 87.2+£2.0%* 1132 799+42 103.7
Albumins, g/L 396+26 448420 1133 429425 108.3
Globulins, g/L 374+39 423+24 113.1 370+24 989
Albumin/Globulin ratio, U 1.10£0.15 092+£042 833 1.16+0.09 105.2
Urea, mmol/L 6.84+1.02 5.57+0.50 814 6.00+0.61 87.7
Blood urea nitrogen, mg/100 g 13.1+20 106+1.0 813 115+12 879
Creatinine, pmol/L 63.0+44 743+99 1180 683+£69 1084
Total bilirubin, pmol/L 6.07+1.67 448+1.79 738 849+1.92 139.8
C-reactive protein, mg/L 125+54 124+3.1 99.0 8.0+13* 63.6
Total calcium, mmol/L 2.53+0.09 238+0.18 943 2.57+0.13 101.7
Non-organic phosphorus, mmol/L 3.07+0.58 3.03+052 98.8 227+032* 74.0
Ratio of Ca/P 0.84+0.13 0.82+0.16 96.9 116 +0.16%* 137.3
Parameters of enzymatic activity in the blood
AST, UL 186+ 61 191+£32 1023 179+36 96.3
ALT,UL 131+41 173 +£45 132.6 80+ 13* 609
De Ritis ratio (AST/ALT), U 1.63+£0.78 1254030 76.8 229+044 1404
Alkaline phosphatase, U/L 129+ 64 310+ 107+** 240.6 350+ 63+ 271.0
Gamma-glutamyltransferase, U/L 93+26 5.0 1.2%k* 53.8 8.6+4.1 923
Parameters of lipid and carbohydrate metabolism

Cholesterol, mmol/L 127+0.14 2.04+0.17%%* 160.1 1.57+022 123.6
Blood triglycerides, mmol/L 2.13+0.55 0.98 +0.13%** 462 0.73 £0.21%** 342
High-density lipoprotein (HDL) cholesterol, mmol/L 0.65+0.13 0.17£0.16%** 256 1.56£0.15%** 240.0
Low-density lipoprotein (LDL) cholesterol, mmol/L 0.52+£029 1.45+035%#* 281.0 033+0.10 633
Atherogenic index of plasma, U 1.04+045 17.97 +8.84%** 1723.6 024 £0.13%** 233
Glucose, mmol/L 739+£1.04 587£122 794 5.56+ 034+ 752
Note: see Table 1.

Table 4

Change in blood cell count and leukogram of male rats under effect of Echinacea purpurea (L.) Moench
and Sylibum marianum (L.) Gaertn. addition to their diet (x + SD, n = 8, duration of experiment — 30 days)

E. purpurea compared . S. marianum compared
Parameter Control E. purpurea to the control, % S. marianum tothe contmf]‘%
Hemoglobin, g/L 1268+7.0 1347+68 106.2 119.7+45 944
Hematocrit, % 405+2.7 436+18 107.6 379+12 93.6
Erythrocytes, 10%/L 693+029 778 +£0.14%%* 1122 6.59+023 95.0
Erythrocyte sedimentation rate (ESR), mmvh 1.17+£037 1.00+0.00 85.7 1.14+035 9.0
Thrombocytes, 10°/L 339+66 37574 110.6 241 +£43* 712
Leukocytes, 10L 86+16 81+24 942 78+34 916
Leukocytic formula

Basophils, % 00+0.0 00+0.0 — 00+0.0 -
Eosinophils, % 1.50+£0.76 1.67+094 111.1 1.00+0.76 66.7
Mielocytes, % 0.0+0.0 00+0.0 - 0.0+0.0 -
Neutrophils, %o:

—young 0.0+0.0 0.0+0.0 - 0.0+00 -

—band 1.17+0.69 0.00+0.00%** 0.0 0.57+049 490

—with segmented nuclei 230+82 150+43 652 226+75 98.1
Lymphocytes, % 638+86 780+2.9% 1133 719470 1044
Monocytes, % 55+13 53+12 97.0 40+2.1 727
Note: see Table 3.
Table 5

Changes in the behavioral characteristics of the three rat groups over a 2-minute experiment,
to whose diet Echinacea purpurea (L.) Moench and Sylibum marianum (L.) Gaertn. were added (x + SD, n = 32, duration of the experiment was 30 days)

Characteristic Control, Control, E. purpurea, E. purpurea, S. marianum, S. marianum,
1-4th days 26-30th days 1-4th days 26-30th days 1-4th days 26-30th days

Number of visited peripheral squares 28.1+£18.0 243+145 23.0+10.6 228+104 193+104 13.6+94
Number of visited central squares 1.00+234 029+1.04 1.88+249 133+2.19 0.00+0.00 0.07+038
Number of racks in peripheral squares 5.58+4.53 379+3.13 3.58+147 317161 296+247 257+2.12
Number of racks in central squares 1294143 0.71+1.00 1.88+2.54 221+1.86 039+0.83 0.61+1.10
Number of grooming acts 0.58+0.83 0.58+£0.93 2674235 1.96+1.85 043+0.69 046+0.88
Number of faecal boluses 225+2.06 238+1.56 1.50+221 1.08+1.61 0.32+0.55 0.32+0.55
Number of urination 0.333+0482 0.375+£0495 0.125+£0.338 0.083+£0.282 0.107£0416 0.036+0.189

Notes: there were no significant differences between the groups in any of the studied parameters.
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Of particular interest is the fact of a decrease in the thymus relative
mass in both experimental groups of animals. In the group with the
addition of E. purpurea to the diet, this may indicate an active delympho-
tization of the organ due to the activation of cellular immunity, which is
also confirmed by a significant increase in the number of blood tympho-
cytes. Echinacea purpurea is widely known as a traditional remedy which
strengthens the body’s resistance to disease. Preclinical studies have con-
firmed the hypothesis that Echinacea acts through immune mechanisms.
A critical review by Barrett (2003) indicated that the ability of Echinacea
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extracts to activate macrophages, polymorphonuclear leukocytes and na-
tural killers, as well as to increase the number of T- and B-lymphocytes.
Echinacea purpurea extracts have also been clinically proven to be
effective as anti-inflammatory agents only at the onset of upper respi-
ratory symptoms; but long-term use of Echinacea preparations has not
shown positive results (Block & Mead, 2003). Study by Abouelella
etal. (2007) showed that the use of Echinacea increased the number of
lymphocytes, leukocytes and monocytes in the blood in gamma-irradia-
ted mice.

Physical activity
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Fig. 2. Changes in the physical (@), orientation activity (b), and emotional status (c) of male rats when ground seeds of Echinacea purpurea (L.) Moench
and Sylibum marianum (L.) Gaertn. were added to their diet: on the abscissa — animals’ groups (n = 8) on a diet with an excess fat content and the addition
of ground plant seeds (in parentheses are the days after the start of the experiment: 1-4th or 26-30th), the ordinate shows the absolute number of markers
of this type of behaviour for 120 seconds of the experiment: for physical activity, the number of visited squares of the “open field”’, for orientation activity —
the number of racks, for the emotional status — the number of grooming, defecation and urination acts; small square —median, upper and lower borders
of the rectangle — 25% and 75% quartiles, vertical line — minimum and maximum values, circles —outliers

In the group with the addition of S. marianum to the diet, the low
relative weight of the thymus is not accompanied by changes in the total
number of leukocytes and, in particular, blood lymphocytes; therefore, one
can assume an accelerated age-related involution of this organ. This issue
requires further histological and cytological studies (Carrio & Lopez,
2013).

Under the influence of E. purpurea, the content of total protein in the
blood serum increased (by 13.2%) due to the globulin fraction, which,
together with a high level of C-reactive protein and an increased content of
lymphocytes, may indicate the development of an inflammatory process
in the body (Inyakina, 2011).

It is well known that abnormal levels of cholesterol, triglycerides, or
free fatty acids are signs of a lipid disorder. Hyperlipidemia and hypercho-
lesterolemia, and especially high concentrations of low-density lipoprotein
cholesterol (LDL-C) in plasma, are the primary inducing factors in the
development of atherosclerotic lesions. In our experiment, both the high-
fat diet itself and the addition of E. purpurea and S. marianum seeds to it
caused significant dyslipidemia in the blood of rats. In the control group of
animals that consumed a diet with a high fat content (15%) for 30 days, an
increase in triglycerides and low-density lipoprotein cholesterol (LDL-C)
was found above the physiological norm. At the same time, the athero-
genic index of plasma remained at a rather low level. The addition of
E. purpurea seeds to the diet exacerbated dyslipidemia, causing an
increase in cholesterol, low-density lipoprotein (LDL-C) cholesterol and a
decrease in blood triglycerides and high-density lipoprotein (HDL-C)
cholesterol. As a result, the atherogenic index of plasma increased to
1723.6%. Sylibum marianum seeds had the opposite effect: high-density
lipoprotein (HDL-C) cholesterol increased, blood triglycerides decreased,
and cholesterol and low-density lipoprotein (LDL-C) cholesterol did not
change significantly, causing the atherogenic index of plasma to drop
below that of the control group. This suggests that it is S. marianum that
can be recommended for use in the treatment and prevention of diseases
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accompanied by lipid metabolism disorders. A study on the effect of long-
term use of silymarin in patients with type 2 diabetes mellitus showed an
antitriglyceride effect, but did not affect cholesterol levels and blood
pressure (Khalili et al., 2017).

The concentration of total calcium, total bilirubin, urea and creatinine
in the blood plasma of rats of the control and experimental groups did not
change and did not exceed the reference values. Analyzing the enzymatic
activity of blood plasma, we found that the seeds of E. purpurea and
S. marianum in the rats’ diet increased the activity of alkaline phosphatase
(up to 310% and 350% of the values of the control group). At the same
time, when S. marianum seeds were consumed, ALT activity decreased
(to 80% of the control group level), but not to physiological values, and
E. purpurea seeds reduced gamma-glutamyltransferase activity (to 53.8%
of the control group level). At the same time, AST activity indicators did
not differ significantly in the control and experimental groups, but were
increased relatively to the reference norm values (Abrashova et al., 2017).

Of interest is the revealed moderate hypoglycemic effect of the
studied plants seeds, found in rats of the experimental groups. Despite the
fact that the glucose level in the control group rats was at the upper limit of
the norm (7.39 mmol/L), additional consumption of E. purpurea and
S. marianum seeds reduced the glucose level (to 79.4% and 75.2% of the
control group value). The hypoglycemic effect of sitymarin in metabolic
syndrome, in particular in diabetes mellitus, is indicated in many scientific
publications.

Despite the fact that some studies indicated that both E. purpurea and
S. marianum themselves and their active substances in particular show ef-
fects aimed at stimulating the nervous system, reducing anxiety, increa-
sing performance, relieving fatigue, neuroprotective activity, in our study
no significant differences were found between groups of rats in the func-
tional state of their nervous system. At the trend level, a decrease in the
emotional status of animals was found when consuming S. marianum
seeds.
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Conclusions

The use of E. purpurea and S. marianum seeds as additions to a high-
fat diet in rats caused significant changes in physical activity and blood
biochemical parameters. Rats that consumed E. purpurea seeds increased
their body weight during the 30 days of the experiment up to 199.2% of
the weight gain in the control group, and S. marianum — only up to 44.2%
of the values of the control group. The addition of E. purpurea to the feed
did not affect the amount of food eaten, but increased the amount of water
drunk (up to 121.4%), contributed to a significant increase in abdominal
volume (up to 117.7% of the parameters of the control group rats).
Consumption of S. marianum reduced the amount of food eaten, but did
not affect water intake and abdominal volume.

Consumption of E. purpurea seeds for 30 days caused a decrease in
the liver relative weight (to 89.1% of the values of the control group),
spleen (to 81.8%), stomach (to 77.7%), and brain (to 73.9%). At the same
time, both E. purpurea and S. marianum equally reduced the thymus
relative weight (to 58.7% of the values of the control group).

The seeds of E. purpurea and S. marianum in the rats’ diet caused
significant changes in lipid metabolism. Echinacea purpurea in the blood
of experimental animals increased the concentration of cholesterol (to
160.1% of the values of the control group), decreased the concentration of
blood triglycerides (to 46.2%) and high-density lipoprotein (HDL-C)
cholesterol (to 25.6%) against the background of an increase in low-
density lipoprotein (LDL-~C) cholesterol (up to 281.0%), which caused a
sharp increase in the atherogenic index of plasma by more than 17 times.
When S. marianum seeds were consumed, the level of blood triglycerides
decreased (to 34.2% of the values in the control group of rats), but high-
density lipoprotein (HDL-C) cholesterol increased (to 240.0%), while the
content of low-density lipoprotein (LDL-C) cholesterol was within
physiological limits and below the value of the control group, which
caused a decrease in the atherogenic index of plasma (to 23.3% of the
values in the control group).

Excess fat in the diet and the addition of E. purpurea and S. maria-
num seeds to it caused changes in the blood enzymatic activity parameters
of animals. The addition of E. purpurea and S. marianum seeds to the diet
caused a sharp increase in alkaline phosphatase activity to 240.6% and
271.0% of the control, respectively, but at the same time, E. purpurea
reduced the activity of gamma-glutamyltransferase (to 53.8%), and S. ma-
rianum decreased the activity ALT (to 60.9% compared to the control
group of rats). Under the influence of E. purpurea, the content of total
protein in the blood serum increased (to 113.2%) due to the globulin
fraction. S. marianum caused a decrease in glucose and non-organic phos-
phorus levels compared to the values of control rats, but these values did
not go beyond the reference values of the norm.

Consumption of E. purpurea seeds caused an increase in the number
of erythrocytes in the blood (up to 112.2% of the control group) and
lymphocytes (up to 113.3%), and S. marianum — a decrease in the number
of platelets (to 71.2%) compared with the control group of animals.

We did not observe significant changes in the open field test between
groups of rats. An unreliable trend towards a decrease in the emotional
status of rats by the end of the experiment was noted.

In general, the results of our studies indicate that the use of E. pur-
purea seeds for the correction of health problems associated with a high-
fat diet and overweight is not recommended. The use of S. marianum
seeds is promising in the mild correction of lipid metabolism disorders and
the development of complex nutraceutical and pharmacological prepara-
tions. Further studies are needed to assess the effect of the dosage of these
plantspreparations, as well as the effect of their chemical composition on
the health status of model animals and humans.
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