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ABSTRACT
Background. Pharmacological correction of a high-fat diet is of great interest to prevent the development of obesity and 
hypertension. More and more research is being done on the preventive use of medicinal herbs for excess caloric intake.
Objective. The aim  of this study was to determine the general physiological effect of I. helenium rhizomes and 
M. chamomilla inflorescences used in the diet of male rats consuming excess amounts of fat and calories in the daily diet.
Material and methods. In a 30-day experiment, we determined the effect of I. helenium rhizome and M. chamomilla 
on the physiological activity and metabolic processes of laboratory rats consuming a high-fat diet. The physical activity 
was evaluated according to the mass gain of animals and change in the relative mass of the internal organs, and also the 
functional conditions of the central nervous system. The influence on the metabolic processes was revealed by biochemical 
and clinical blood analyses.
Results. In a laboratory experiment on male rats, it was found that the addition of dry crushed rhizomes of Inula helenium L. 
and inflorescences of Matricaria chamomilla L. to the diet caused opposite changes in body weight. In the control group, 
the animals slightly increased their body weight (up to 111.5% of the initial weight by the end of the experiment); the 
rhizomes of I. helenium caused a decrease in body weight gain (up to 105.5% on the 30th day of the experiment compared 
to the initial weight); rats fed M. chamomilla inflorescences gained 123.2% of their initial body weight during the month 
of the experiment. The rhizomes of I. helenium caused an increase in the stomach relative mass. A decrease in the 
thymus relative weight was observed when animals were fed M. chamomilla inflorescences. The rhizomes of I. helenium 
stimulated an increase of blood protein concentration (mainly due to globulins), an increase in the alkaline phosphatase 
activity and cholesterol, and a decrease in the triglycerides concentration. M. chamomilla inflorescences reduced the blood 
urea concentration and increased the activity of alkaline phosphatase, causing strong changes in fat metabolism. Under 
the influence of the diet with the addition of M. chamomilla inflorescences, the atherogenic index increased in animals by 
6.5 times relatively to the control group (due to a decrease in the concentration of high-density lipoprotein cholesterol and 
an increase in the concentration of low-density lipoprotein cholesterol, an increase in the total cholesterol concentration). 
When M. chamomilla was added to the diet, the blood triglycerides concentration in animals decreased sharply and the 
concentration of leukocytes increased. The concentration of monocytes exceeded the limits of the physiological norm 
both in the control group and in the group of animals fed on M. chamomilla inflorescences. 
Conclusions. The results of the studies show the promise for further research of I. helenium rhizomes in the prevention 
of hypertension and also indicate strong risks when using M. chamomilla inflorescences for preventive purposes during 
high-fat and hypercaloric diet.

Key words: relative organs’ mass, increase in the bodyweight, high-fat diet, pharmaceutical chamomile, elecampane, 
phytotherapy, weight loss.

INTRODUCTION

Excessive fat intake is one of the major health 
problems at the global level [27, 52, 65]. High-calorie 
food causes metabolic changes, disturbances in the 
digestive and endocrine systems, and most importantly, 
stimulates the vascular diseases development [7, 19, 
46]. Problems of excess dietary energy are often 

addressed by adding spices, aromatics and medicinal 
herbs to human food [18, 50]. However, their use can 
not only cause positive health changes in the body but 
can also stimulate an increase in pathological changes 
caused by excess calorie intake [24, 33, 35, 37]. Some 
of the most widely used plants in traditional folk 
medicine and modern medical practice are elecampane 
and chamomile [70].
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Elecampane (Inula helenium L.) has an expectorant 
and anti-inflammatory effect, reduces intestinal 
motility and secretion of gastric juice. Tavares and 
Seca [58] in their study with Inula L. identified the 
most promising secondary metabolites in the treatment 
of human diseases associated with oxidative stress. 
The most promising metabolite was β-caryophyllene, 
as it showed the highest antioxidant activity, even in 
comparison with ascorbic acid [62, 75]. 

The main biologically active substance of 
elecampane is believed to be alantolactone and 
associated terpenoids [32]. Studies have been 
conducted on alantolactone, obtained from the I. 
helenium rhizomes, which showed the effectiveness 
of this substance against tumor cells [3, 12, 67, 74]. 
Koc et al. [31] revealed antioxidant and antitumor 
activity of I. helenium extract. Alantolactone has also 
been shown to have anti-inflammatory activity by 
enhancing the phagocytic activity of macrophages 
[22, 49]. The essential oil of I. helenium rhizomes has 
bactericidal and fungicidal properties [26, 29]. In folk 
medicine, tinctures and rhizome’s extracts are used 
for malaria, oedema, urolithiasis, hypoacid gastritis, 
migraine, whooping cough, bronchial asthma, as 
a haemostatic, diuretic, and anti-inflammatory agent 
for skin diseases [10, 19, 64].

Since ancient times, chamomile (Matricaria 
chamomilla L.) has been known as a valuable 
medicinal plant, which is used both in traditional 
medicine as well as in the official pharmacopoeia of 
26 countries [57, 58]. Chamomile contains a number 
of phytochemicals: flavonoids and other phenolic 
compounds, essential oil, polysaccharides, amino 
acids, fatty acids and mineral elements [39, 44, 53]. 

Due to the diverse composition of active 
substances, chamomile preparations have numerous 
pharmacological effects. Chamazulene has anti-
inflammatory, sedative, antiallergic and local 
anaesthetic properties [26], it activates the function 
of immune organs, and enhances regenerative 
processes. There have been shown antidiabetic and 
hypocholesterolemic effects of chamomile extract 
in animal studies [47, 71, 72]. Zand et al. [73] 
showed weak estrogenic and progestogenic effects 
of chamomile extract at high concentrations, and 
Kabiri et al. [28] compared the effect of chamomile 
syrup and cabergoline in reducing the blood prolactin 
concentration in patients with idiopathic prolactinemia.

Chamomile preparations have a pronounced effect 
on the nervous system [54]. It has been experimentally 
shown that chamomile essential oil enhances reflex 
activity, stimulates the medulla oblongata, strengthens 
and quickens breathing, increases heart rate, dilates 
the blood vessels of animals’ brain, but in large doses 
can cause central nervous system depression and 
muscle tone decrease [16, 51].

Preparations made from chamomile are often used 
externally primarily as an anti-inflammatory agent, but 
the infusion of chamomile inflorescence inflorescence 
has a haemostatic, antiseptic, mild astringent, 
analgesic, sedative, anticonvulsant, diaphoretic, and 
choleretic effect [25]. Research with animals suggests 
antispasmodic, anxiolytic, anti-inflammatory and 
some antimutagenic and cholesterol-lowering effects 
for chamomile [45].

Thus, both medicinal plants – elecampane and 
chamomile – are recommended for the treatment of 
certain pathological changes amid hypertension, are 
widely used in folk and official medicine, and are used 
by people in everyday life. However, comprehensive 
studies of changes in the body against the background 
of excessive fat consumption have not yet been carried 
out for the herbal preparations I. helenium and M. 
chamomilla.

The objective of this study was to determine the 
general physiological effect of I. helenium rhizomes 
and M. chamomilla inflorescences used in the diet 
of male rats consuming excess amounts of fat and 
calories in the daily diet.

MATERIAL AND METHODS

Ethics. 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 (Decision No. 3/20-21 of 20.09.2020). 
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, 18th March, 1986, 
ETS No. 123) and in Law of Ukraine “On protection 
of animals from cruel treatment” (Kyiv, 21st February, 
2006, No. 3447-IV).

Animals. The experiment used 24 adult white 
outbred male laboratory rats, weighing 200 ± 10 g. 
The rats were divided into a control group and two 
experimental groups (n = 8). The rats were kept in 
groups of 4 in polycarbonate cages with steel mesh 
lids and a food recess. The temperature in the room 
where the experimental animals were located was 20–
22 °C, relative air humidity was 50–65%, and the light 
regime was 12 hours light/12 hours dark.

Diet. Animals received water and food ad libitum. 
The diet of all animals had an excess fat content (3600 
kcal/kg). The high-fat diet was based on a standard 
diet (75% grain mixture (corn, sunflower grain, wheat, 
barley, soybeans), 8% root vegetables (potatoes, 
carrots), 2% meat-and-bone meal, 2% mineral-vitamin 
complex) with the introduction of 15 % sunflower oil. 
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The control group of animals received a high-fat diet, 
and the experimental group received a semi-synthetic 
diet, to which a dry medicinal plant of 5% of the feed 
weight was added. In the first experimental group, 5% 
of dry I. helenium crushed rhizomes of the second 
year of life were additionally added to the high-fat 
diet. The raw materials were collected in mid-August. 
The rhizomes were washed in water, cut into pieces 
5–7 mm thick, and dried at room temperature without 
direct sunlight. The second experimental group had 
5% of crushed dry chamomile inflorescences to the 
high-fat diet, which were collected manually as 
the flowers bloomed on the plants. They were dried 
without direct sunlight at room temperature.

The main ingredients of the diet were ground 
in a mill (grain, meat-and-bone meal, mineral and 
vitamin complex, dry rhizomes and inflorescences of 
medicinal plants) and mixed, then sunflower oil was 
added and granules were made at the rate of 4,200 g 
for each group for the entire period of the experiment 
(30 days). Root vegetables in appropriate quantities 
were additionally given fresh every day. During the 
experiment, we took into account the amount of food 
consumed by each group per day and the total amount 
of food consumed during the entire period of the 
experiment.

Morphometric parameters (live weight, abdominal 
volume) were determined on days 1–4 and on days 
26–30 of the experiment. The total increase in 
animal weight and daily increase in live weight were 
calculated. Orientation-physical activity and the 
emotional state of experimental animals were studied 
in the “open field” test [55]. We used an installation 
consisting of 1 m2 square area, divided into 16 
squares and limited by an opaque wall 20 cm high. 
The experiment was carried out in complete silence 
with intense lighting of the field itself. The animal, 
taken from a cage in a previously darkened room, was 
placed in the centre of the field. The exposure time 
was 2 minutes. Animals were tested for four days 
(days 1–4) at the beginning of the experiment and four 
days at its end (days 26–30). The number of crossed 
squares was counted: peripheral and central – physical 
activity was assessed; peripheral (with support on the 
wall) and central (without support on the wall) racks 
– orientation activity; the number of grooming acts, 
defecation and urination – emotional state [34, 36].

Animals were euthanized on the 30th day of the 
experiment under anaesthesia (80 mg/kg ketamine and 
12 mg/kg xylazine, intraperitoneally) by total bleeding 
from the heart. After the autopsy, the condition of the 
internal organs was visually assessed for the presence 
of pathological changes, organs were selected and 
weighed (heart, liver, lungs, thymus, spleen, stomach, 
small and large intestines, kidneys). The mass of 

internal organs was determined with an accuracy of 
10 mg [8].

Biochemical studies of blood serum were carried 
out on an automatic analyser Miura 200 (Italy) using 
reagent kits High Technology (USA), PZ Cormay 
S.A. (Poland) and Spinreact S.A. (Spain). Total 
protein was determined using the biuret method; 
globulins and protein coefficient - by calculation; 
albumin concentration – by reaction with bromocresol 
green; activity of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) – by a kinetic 
method based on the Warburg optical test; alkaline 
phosphatase – enzymatically by reaction with 
p-nitrophenyl phosphate; glucose – using the glucose 
oxidase method [11].

Characteristics of lipid metabolism. The 
concentration of total cholesterol was determined 
enzymatically using cholesterol oxidase; triglycerides 
– after cleavage by lipoprotein lipase with detection 
by the Trinder reaction; HDL and LDL – using 
selective detergents with subsequent staining of the 
enzymatic reaction products, the atherogenic index 
was calculated.

On the biochemical markers of inflammation, 
C-reactive protein was determined by 
immunoturbidimetry.

The number of red and white blood cells, haematocrit 
and haemoglobin content were determined in the rats’ 
blood after the addition of K3EDTA using a PCV-80 
Vet automatic haematology analyser. For leukogram, 
blood smears were prepared according to Pappenheim.

The data were analyzed using Statistica 8.0 program 
(StatSoft Inc., USA). The tables demonstrate the 
results as x ± SD (x ± standard deviation). Differences 
between the values of the control and experimental 
groups were determined using the Tukey test (with 
consideration of Boniferroni’s correction), where the 
differences were considered significant at P < 0.05. 

RESULTS

The addition of dry crushed rhizomes of Inula 
helenium L. and inflorescences of Matricaria 
chamomilla L. to the diet of rats caused opposite 
changes in the dynamics of the animals’ body weight. 
If in the control group the weight of male rats increased 
up to 110.0% of the weight on the first day of the 
experiment, slightly increasing to 111.5% by the end of 
the experiment, then the rhizomes of I. helenium caused 
a decrease in the body weight of animals to 95.0% of 
the initial weight on the 13th day of the experiment 
(Figure 1a). On the 26th day, the weight of the rats 
reached a maximum (107.9% from the beginning of 
the experiment), decreasing to 105.5% by the 30th day. 
Rats fed M. chamomilla inflorescences increased their 
body weight relatively evenly, reaching 123.2% of 
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their body weight at the beginning of the experiment 
(Fig. 1b). Thus, the addition of I. helenium rhizomes to 
the diet reduced the weight of animals by 6.0% by the 
end of the experiment compared to the control, and the 
addition of M. chamomilla inflorescences increased it 
by 11.7% compared to the control group (Figure 1).

Probably, the bitter taste of the rhizomes of I. 
helenium caused a decrease in food consumption in 
male rats to the level of 81.9% of the control group, but 
we did not observe any changes in fluid consumption 

by the animals (Table 1). It is interesting that with 
a significant increase in body weight in animals 
fed on M. chamomilla inflorescences (1505 ± 198 
compared to 700 ± 271 mg/day in the control group), 
their food consumption did not increase (96.0% of the 
control group), there was only slightly increased water 
consumption (105.1% of the control group, Table 1). 
Abdominal volume also increased when rats ate M. 
chamomilla inflorescences and amounted to 111.2% of 
the control group, remaining unchanged on the diet 
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Figure 1. Changes in the rats’ body weight when adding crushed rhizomes of Inula helenium L. (a) and Matricaria 
chamomilla L. inflorescences (b) to the diet of animals: the x-axis is the day of the experiment, the y-axis is the animals’ 
body weight (% relative to the initial body weight of each animal, taken as 100% at the beginning of the experiment); 
small square – median, upper and lower borders of the rectangle – 25% and 75% quartiles, vertical line – minimum and 
maximum values, circles – outliers; n=8

Table 1. Change in the body weight and fodder consumption of young male rats under the impact of Inula helenium L. and 
Matricaria chamomilla L supplementation to their diet (x ± SD, n = 8, duration of experiment – 30 days) 

Parameter Control I. helenium
I. helenium 
compared  

to control, %

M. 
chamomilla

M. 
chamomilla 
compared  

to control, % 
Consumption of food by animals, g/day 20.09 16.46 81.9 19.29 96.0
Consumption of water by animals, g/day 18.42 17.27 93.8 19.36 105.1
Change in body weight, µg/day 700 ± 271 325 ± 208* 46.4 1505 ± 198*** 215.0
Change in body weight, %/30 day 13.6 ± 5.9 5.3 ± 3.5* 38.9 22.9 ± 2.9** 167.6
Abdominal volume, сm 14.00 ± 0.46 14.50 ± 0.56 103.6 15.57 ± 0.68** 111.2

Note: * – P < 0.05, ** – P < 0.01, *** – P < 0.001 probability of differences compared to control within one line of the table 
according to the results of comparison using the ANOVA with Bonferroni correction.
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supplemented with I. helenium rhizomes (103.6% of 
the control group, Table 1).

The rhizomes of I. helenium caused an increase 
of up to 138.3% of the control group in the relative 
weight of the stomach (Table 2). A significant decrease 
in the relative weight of the thymus to 42.7% of the 
control group was observed when animals were fed 

M. chamomilla inflorescences (Table 2). The relative 
weight of other organs did not change statistically 
significantly compared to the control group.

The rhizomes of I. helenium in animals’ diet 
increased the blood total protein concentration to 
117.0% (mainly due to globulins, which reached a level 
of 123.6% of the control group, Table 3). I. helenium 

Table 2. Change in relative organ mass (%) of male rats under the influence of Inula helenium L. and Matricaria chamomilla 
L. addition to their diet (x ± SD, n = 8, duration of experiment – 30 days) 

Organ Control I. helenium
I. helenium 
compared  

to control, %
M. chamomilla

M. chamomilla 
compared  

to control, % 
Heart 0.352 ± 0.023 0.345 ± 0.031 98.0 0.355 ± 0.012 101.0
Liver 4.08 ± 0.17 4.23 ± 0.24 103.7 4.15 ± 0.47 101.7
Lungs 0.979 ± 0.169 0.846 ± 0.153 86.4 0.952 ± 0.327 97.3
Thymus 0.285 ± 0.046 0.210 ± 0.076 73.7 0.122 ± 0.065*** 42.7
Spleen 0.370 ± 0.036 0.353 ± 0.050 95.6 0.334 ± 0.035 90.4
Stomach 0.699 ± 0.060 0.966 ± 0.126*** 138.3 0.599 ± 0.069 85.6
Small intestine 2.58 ± 0.52 2.60 ± 0.31 100.7 2.17 ± 0.24 83.9
Cecum 0.509 ± 0.176 0.458 ± 0.124 90.0 0.392 ± 0.084 77.0
Colon 0.374 ± 0.085 0.388 ± 0.065 103.8 0.315 ± 0.050 84.3
Rectum 0.398 ± 0.073 0.381 ± 0.109 95.6 0.368 ± 0.089 92.4
Right kidney 0.358 ± 0.031 0.313 ± 0.030 87.4 0.341 ± 0.035 95.2
Left kidney 0.372 ± 0.040 0.303 ± 0.032 81.4 0.333 ± 0.026 89.5
Brain 0.867 ± 0.052 0.829 ± 0.065 95.7 0.613 ± 0.253 70.7

Note: see Table 1 

Table 3. Changes in blood biochemical parameters of male rats under effect of Inula helenium L. and Matricaria chamomilla 
L supplementation (x ± SD, n = 8, duration of experiment – 30 days) 

Parameters Control I. helenium
I. helenium 
compared  

to  control, %
M. chamomilla

M. chamomilla 
compared  

to control, % 
Total protein, g/L 77.0 ± 4.9 90.1 ± 6.2** 117.0 67.6 ± 27.7 87.8
Albumins, g/L 39.6 ± 2.6 43.9 ± 2.6 110.9 41.2 ± 2.0 104.0
Globulins, g/L 37.4 ± 3.9 46.3 ± 4.5* 123.6 37.7 ± 2.1 100.6
Albumin/Globulin ratio, U 1.10 ± 0.15 0.83 ± 0.32 75.0 1.10 ± 0.10 100.0
Urea, mmol/L 6.84 ± 1.02 6.06 ± 1.24 88.6 3.97 ± 0.40*** 58.0
Creatinine, µmol/L 63.0 ± 4.4 65.5 ± 7.3 104.0 69.5 ± 5.3 110.3
AST, U/L, 186 ± 61 183 ± 54 98.4 171 ± 31 91.6
ALT, U/L 131 ± 41 186 ± 77 142.0 111 ± 16 84.7
Alkaline phosphatase, U/L 129 ± 64 330 ± 90*** 255.6 525 ± 101*** 407.0
Total bilirubin, µmol/L 6.07 ± 1.67 6.96 ± 1.91 114.7 4.00 ± 1.42 65.9
Glucose, mmol/L 7.39 ± 1.04 6.88 ± 0.85 93.1 7.43 ± 0.88 100.6
Total calcium (Ca), mmol/L 2.53 ± 0.09 2.38 ± 0.19 93.9 2.43 ± 0.11 96.2
Inorganic phosphorus (P), mmol/L 3.07 ± 0.58 2.99 ± 0.84 97.3 2.78 ± 0.35 90.6
Gamma-glutamyl-transferase, U/L 9.29 ± 2.60 9.38 ± 2.60 101.0 7.33 ± 0.94 79.0
Cholesterol, mmol/L 1.27 ± 0.14 1.55 ± 0.17* 121.9 1.57 ± 0.21* 123.2
Blood triglycerides, mmol/L 2.13 ± 0.55 0.98 ± 0.37*** 45.8 0.65 ± 0.11*** 30.5
HDL cholesterol, mmol/L 0.650 ± 0.128 0.575 ± 0.348 88.5 0.212 ± 0.047*** 32.6
LDL cholesterol, mmol/L 0.517 ± 0.290 0.733 ± 0.305 141.6 1.460 ± 0.158*** 282.3
C-reactive protein, mg/L 12.5 ± 5.4 19.0 ± 10.6 151.6 8.8 ± 1.9* 70.2
Atherogenic index of plasma 1.04 ± 0.45 2.69 ± 1.88 258.0 6.76 ± 1.92*** 648.9

Note: see Table 1. 
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rhizomes also greatly increased alkaline phosphatase 
activity (up to 255.6% of the control group), cholesterol 
concentration (up to 121.9% of the control group) and 
decreased triglyceride concentration (up to 45.8% of 
the control group). Despite the increase in the average 
atherogenic index value by 2.58 times (Table 3), but 
this change was statistically insignificant, since it was 
not observed in all animals in this group.

M. chamomilla inflorescences (Table 3) had little 
effect on blood albumins and globulins and their 
ratio, but reduced the blood urea and urea nitrogen 
concentrations in animals by up to 58.0% of the control 
group. Under the influence of M. chamomilla, alkaline 
phosphatase activity increased to 407.0% of the control 
group. However, the most dramatic changes occurred 
in fat metabolism: under the influence of a diet with 
M. chamomilla inflorescences supplementation (Table 
5), the atherogenic index increased in male rats up 
to 648.9% relatively to the control group (both due 
to a decrease in the concentration of high-density 
lipoprotein cholesterol (HDL) to 32.6%, and due to 
an increase up to 282.3% in low-density lipoprotein 
cholesterol concentration (LDL)). The cholesterol 
concentration also significantly increased (up to 123.2% 
of the control group level). When M. chamomilla was 
added to the diet, the blood triglycerides concentration 
in animals sharply decreased – to 30.5% of the level of 
the control group (Table 3).

When supplementing with I. helenium rhizomes, we 
did not observe significant changes in the rats’ blood 
cytological composition (Table 4). The addition of M. 
chamomilla inflorescences to the diet (Table 4) also 

generally did not cause significant changes in complete 
blood count and leukogram, except for a sharp increase 
in the leukocytes concentration up to 162.5% of the 
control group level (however, the concentration of 
leukocytes was still within the physiological norm). It 
should be noted that being on a hypercaloric diet with 
the addition of I. helenium rhizomes caused a decrease 
in haematocrit. The number of monocytes under the 
I. helenium rhizomes influence tended to decrease, 
however, it was not considerable due to the significant 
individual indicator variability (Table 4).

The physical activity (Figure 2a) of the animals did 
not change significantly by the end of the experiment 
when fed crushed rhizomes of I. helenium and 
inflorescences of M. chamomilla. Under the influence 
of the same plants, the orientation activity of male rats 
did not change significantly (Figure 2b). Important 
changes in emotional state were also not observed 
during the experiment, however, in the animals group 
fed the diet supplemented with I. helenium crushed 
rhizomes, a tendency towards a decrease in emotional 
state was recorded, especially noticeable towards 
the end of the experiment (Figure 2c). No significant 
changes in the open field test were observed between 
the groups of rats with I. helenium and M. chamomilla 
in the diet and the control group at the beginning and 
end of the experiment (Table 5).

DISCUSSION

The use of elecampane rhizome ethanol extract 
(Inula helenium L.) in doses from 0 to 1000 mg/kg of 

Table 4. Change in complete blood count and leukogram of male rats under effect supplementing with Inula helenium L. 
and Matricaria chamomilla L. (x ± SD, n = 8, duration of experiment – 30 days) 

Parameter Control I. helenium
I. helenium 
compared to 
control, %

M. chamomilla
M. chamomilla 

compared to 
control, % 

Hemoglobin, g/L 127 ± 7 117 ± 13 92.4 116 ± 14 91.8
Hematocrit, % 40.5 ± 2.7 36.5 ± 4.3 90.2 40.6 ± 6.8 100.3
Erythrocytes, 1012/L 6.93 ± 0.29 6.48 ± 0.73 93.5 6.88 ± 0.79 99.3
Erythrocyte sedimentation 
rate (ESR), mm/h 1.17 ± 0.37 1.00 ± 0.00 85.7 1.00 ± 0.00 85.7

Thrombocytes, 109/L 339 ± 66 272 ± 93 80.3 298 ± 67 88.1
Leukocytes, 109/L 8.6 ± 1.6 8.6 ± 4.3 100.1 13.9 ± 3.3*** 162.5
Leukocytic formula – – – – –
Basophils, % 0.0 ± 0.0 0.0 ± 0.0 – 0.0 ± 0.0 –
Eosinophils, % 1.50 ± 0.76 0.50 ± 0.50 33.3 0.60 ± 0.49 40.0
Neutrophils, %: – – – – –
     – band 1.17 ± 0.69 1.13 ± 0.78 96.4 0.60 ± 0.80 51.4
     – with segmented nuclei 23.0 ± 8.2 22.8 ± 7.3 98.9 18.6 ± 3.2 80.9
Lymphocytes, % 68.8 ± 8.6 72.9 ± 7.7 105.9 71.0 ± 8.1 103.1
Monocytes, % 5.5 ± 1.3 2.8 ± 2.2 50.0 5.6 ± 2.1 101.8

Note: see Table 1. 
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Figure 2. Changes in physical (a) and orientation activity (b), as well as emotional state (c) of male rats when crushed 
rhizomes of Inula helenium L. and inflorescences of Matricaria chamomilla L. were added to their diet: along the x-axis 
– animals’ group (n = n1 * n2 = 32: n1 = 8 animals, n2 = 4 experiments with each animal), on a diet with excess fat and 
the addition of plants (the days after the start of the experiment are indicated in parentheses: 1–4th – start or 26–30 - 
end), along the ordinate - the absolute number of markers of this behavior type during 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 
emotional state - the number of grooming, defecation and urination acts; small square – median, upper and lower edges 
of the rectangle – 25% and 75% quartiles, vertical line – minimum and maximum values, circles – outliers; Tukey’s test 
results showed no significant (P<0.05) differences between animal’s groups.

Table 5. Changes in behavioral characteristics of three rats groups over a 2-minute experiment, to whose diet Inula 
helenium L. rhizomes and Matricaria chamomilla L inflorescences were added (x ± SD, n = 32, duration of the experiment 
was 30 days) 

Характеристика Control,  
1–4th days

Control,  
26–30th days

I. helenium,  
1–4th days

I. helenium  
26–30th days

M. chamomilla,  
1–4th days

M. chamomilla,  
26–30th days

Number of visited 
peripheral squares 28.1 ± 18.0 24.3 ± 14.5 31.9 ± 15.0 27.3 ± 15.9 24.8 ± 12.8 22.8 ± 11.9

Number of visited 
central squares 1.00 ± 2.34 0.29 ± 1.04 1.00 ± 1.50 1.34 ± 2.50 0.50 ± 1.17 0.25 ± 0.70

Number of racks in 
peripheral squares 5.58 ± 4.53 3.79 ± 3.13 5.56 ± 2.90 4.44 ± 3.22 3.61 ± 2.67 2.86 ± 2.19

Number of racks in 
central squares 1.29 ± 1.43 0.71 ± 1.00 2.22 ± 1.72 2.22 ± 2.11 1.50 ± 1.86 1.29 ± 1.63

Number of grooming 
acts 0.583 ± 0.830 0.583 ± 0.929 0.438 ± 0.801 0.375 ± 0.907 0.714 ± 1.150 0.679 ± 1.020

Number of faecal 
boluses 2.25 ± 2.03 2.38 ± 1.56 1.16 ± 1.73 1.00 ± 1.74 1.93 ± 1.72 2.25 ± 1.96

Number of urination 0.333 ± 0.482 0.375 ± 0.495 0.063 ± 0.246 0.031 ± 0.177 0.071 ± 0.262 0.000 ± 0.000
Notes: No significant differences (P<0.05) were found between the groups for all studied parameters according to the 
results of the Tukey test.

diet causes a linear increase in broiler chickens’ weight 
gain due to an increase in the digestibility of feed 
dry matter, but the level of its consumption remains 
unchanged [1, 2]. Our studies noted a decrease in food 
consumption and, accordingly, a decrease in body 
weight in rats. This is likely due to the bitter and pungent 
aftertaste characteristic of the I. helenium rhizomes 

[38], which could cause a decrease in animals’ appetite. 
Inula helenium contains sesquiterpene lactones, 
which, depending on the dose, can cause both an anti-
inflammatory and a local irritant effect [14]. This may 
probably explain the increase in stomach weight in rats 
fed the roots and rhizomes of I. helenium (considering 
that C-reactive protein level both on average in the 
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group and in individual animals was higher than in 
the control group, although changes were reliable). At 
the same time, the WBC number under the influence 
of I. helenium did not change, which also indicates the 
absence of a pronounced inflammatory process.

The RBC number, as well as hemoglobin 
concentration and hematocrit in the animals’ blood of 
all groups were within the reference values [20]. At the 
same time, the use of M. chamomilla inflorescences 
led to a significant increase in the WBC number, 
which was also noted by Alsaadi et al. [4] in rabbits 
when they used an aqueous solution of chamomile 
inflorescences, as well as when they injected 
a methanolic extract of this plant into mice [21]. The 
noted changes were accompanied by a trend towards 
an increase in the concentration of lymphocytes, which 
was also noted by Shwaikh et al. [56]. It is possible 
that stimulation of the humoral immune system by 
the chamomile inflorescences active substances also 
caused a decrease in thymus mass in these animals, 
although this effect requires further study.

The number of monocytes in the rats’ blood 
of the control group and animals that received M. 
chamomilla inflorescences did not differ significantly. 
Although the number of these blood cells was within 
the reference level [15], it was close to its upper 
limit. At the same time, the noted tendency towards 
a decrease in the concentration of monocytes under 
the influence of I. helenium rhizomes can be regarded 
as a positive phenomenon for health due to a possible 
reduction in the risk of developing atherosclerosis. The 
high monocytes concentration in the pigs’ blood [30] 
correlates with their adhesion level to the endothelium 
of large arterial vessels, which subsequently leads 
to the appearance of atherosclerotic changes in the 
circulatory system.

Changes in the blood cellular composition and 
organs morphological features of rats on a high-fat diet 
should be assessed taking into account biochemical 
parameters, which are largely the first to undergo 
changes.

Total protein concentration was higher in rats fed I. 
helenium. Significant changes were due to a significant 
increase in the content of globulin protein fractions. 
According to Petterino and Argentino-Storino [43], 
the total protein and albumin blood concentration 
in rats is 58–81 and 24–41 g/L, respectively. The 
noted increase in globulin concentration under the 
I. helenium influence may be associated with the 
immunostimulating effect of phenolic compounds and 
alantolactone, which are part of elecampane rhizomes 
[23].

Transamination enzymes, AST and ALT, are 
considered to be biomarkers of liver damage. An 
increase in their blood serum concentration is 
characteristic of the hepatocyte cytolysis process [66]. 

Our studies showed high activity of both enzymes 
compared to reference values [66], with no significant 
differences between animals’ groups. Obviously, the 
reason for this is the development of non-alcoholic 
fatty liver disease (NAFLD), which is characteristic 
of animals and humans on a high-fat diet [5, 41, 
63]. NAFLD is either a cause or a consequence of 
the metabolic syndrome development, which is 
characterized by a combination of risk factors for 
cardiovascular disease and type 2 diabetes [48].

Cholesterol is an essential component of cell 
membranes, ensuring their permeability and fluidity. 
In addition, cholesterol is a precursor to steroid 
hormones, bile acids, and vitamin D [69]. Our work 
noted an increase in the concentration of cholesterol in 
the blood serum both under the I. helenium rhizomes 
and M. chamomilla inflorescences influence. More 
importantly, there was an increase in the cholesterol 
level that is part of low-density lipoproteins amid 
a decrease in the content of high-density lipoprotein 
cholesterol. A relationship has been established between 
an increase in LDL-C levels, a decrease in HDL-C 
and the risk development of cardiovascular diseases 
due to the development of vascular atherosclerosis [13, 
40], which is confirmed by a significant increase in the 
atherogenic index in experimental animals. Reducing 
serum LDL cholesterol concentrations is not always 
prophylactically effective due to high triglyceride 
concentrations [9]. Therefore, the decrease we noted in 
the concentration of triglycerides under the influence of 
the elecampane and chamomile active ingredients can 
be regarded as a positive factor, since triglycerides and 
their metabolites can contribute to the development of 
atherosclerosis by modulating inflammation, oxidative 
stress and foam cells formation [68].

Some chamomile components like flavonoids 
have effects on the central nervous system through 
neurotransmitter (GABAergic, serotonergic, 
noradrenergic and dopaminergic) and have sedative, 
anxiolytic and antidepressant effects [6, 42, 61]. In 
our experiment, the consumption of the studied plants 
amid a high-fat diet did not affect the physical and 
orientation activity of the animals. In the group of 
animals that received I. helenium in addition to a high-
fat diet, by the end of the experiment a tendency 
towards a decrease in emotional state was revealed, 
which indicates the need to continue further research 
about the elecampane and its active substances effects 
on behavioural reactions and the nervous system as 
a whole.

CONCLUSIONS

When rats were kept on a hypercaloric diet, a number 
of characteristic features were noted indicating 
the development of metabolic syndrome in them, 
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accompanied by an increase in body weight, as well 
as an increase in the transamination enzymes activity, 
indicating the manifestation of non-alcoholic fatty liver 
disease syndrome. The introduction of elecampane 
rhizomes into their menu leads to a decrease in the body 
weight gain intensity with a simultaneous increase in 
the stomach size, apparently due to the specific taste 
qualities and the presence of irritating substances in 
the plant composition itself. The active substances 
of elecampane rhizomes stimulate an increase in the 
concentration of total protein globulin fractions in the 
blood serum, which may be a consequence of the plant 
immunomodulatory effect.

The active ingredients of chamomile inflorescences 
have the most pronounced effect on the rats’ body 
receiving a high-fat diet, which is manifested by an 
increase in rats’ body weight against the background 
of an increase in abdominal volume, nitrogen retention 
in the body, and an increase in the activity of bone 
tissue cellular components. In addition, we have 
established an increase in the WBC concentration due 
to stimulation, presumably, of the immune system’s 
humoral component.

A number of morphological and physiological-
biochemical changes that we noted, together with 
a positive effect on the body of rats, indicate the 
possibility of increasing the risk of cardiovascular 
diseases amid the long-term oral use of chamomile 
inflorescences and elecampane rhizomes due to the 
development of dyslipidaemia. However, this requires 
additional research, given the decrease in triglyceride 
concentrations under the influence of herbal remedies 
from both plant species.
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