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The aim of research is to study the antitumor activity of aqueous and alcoholic extracts of Thymus marschallianus Willd. on 
male outbreed white rats with transplanted liver tumor PC-1.
Materials and methods. The object of study is crushed grass of Thymus marschallianus Willd. collected in the Saratov vicin-
ity in the flowering phase. Extracts from the specified plant material were made in two different ways: first way, water was 
used as an extractant, in the other, ethyl alcohol 95%. 15 male outbreed white laboratory rats weighing 200±50 were used in 
experiment. The subcutaneous injections of alveolar liver cancer RS-1 were made in scapula area. Animals with transplanted 
tumor were randomly divided into 3 groups of 5 rats: the first was a control (negative control) that did not receive extract; 
the second was an experimental one that receiving alcoholic extract of Thymus marschallianus Willd.; the third was an ex-
perimental one that receiving aqueous extract of Thymus marschallianus Willd. To study the pathomorphosis of the tumor, 
morphological and morphometric methods were used standard histological staining with hematoxylin and eosin.
Results It has been established that alcoholic and aqueous extracts of Thymus marschallianus Willd. have antitumor activity. 
Morphological examination of animal tumors showed a decrease in the number of preserved tumor cells in the view field, 
pronounced necrobiotic and atrophic changes in tumor cells, absence of mitosis, proliferation of connective tissue fibers 
corresponding to the II-III degree of tumor pathomorphosis. 
Conclusion. Thymus marschallianus Willd. aqueous extract showed more potent antitumor activity. Introduction into tumor 
tissue revealed morphological signs of apoptosis: the appearance of apoptotic bodies, karyopycnosis, and condensation of 
nuclear chromatin in tumor cells. It can be assumed that the more pronounced antitumor effect of the aqueous extract is 
due to the higher yield of flavonoids.
Keywords: extract; Thymus marschallianus Willd.; antitumor activity
Abbreviations: NCI – nuclear cytoplasmic index; WHO – World Health Organization; MTS – metastases; SP RF XIVed – State 
Pharmacopoeia of Russian Federation XIV edition.
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Цель. Изучить противоопухолевую активность водного и спиртового экстрактов тимьяна Маршалла (Thymus 
marschallianus Willd.) на самцах беспородных белых крыс с перевитой опухолью печени PC-1. 
Материалы и методы. Объект исследования – измельченная трава тимьяна Маршалла, которая собрана в окрестно-
стях города Саратова в фазе цветения. Экстракты из указанного растительного материала были приготовлены двумя 
разными способами: в одном, в качестве экстрагента использовали воду, в другом –спирт этиловый 95%-ный. В экспе-
рименте использовано 15 самцов беспородных белых лабораторных крыс массой 200±50 г, которым имплантировали 
подкожно, в область лопатки, альвеолярный рак печени – РС-1. Животные с перевитой опухолью методом случайной 
выборки были разделены на 3 группы по 5 крыс: первая, контрольная, не получавшая экстракт; вторая, опытная, по-
лучавшая спиртовой экстракт тимьяна Маршалла; третья, опытная, получавшая водный экстракт тимьяна Маршалла. 
Для изучения патоморфоза опухоли применялись морфологические и морфометрические методы с использованием 
стандартной гистологической окраски гематоксилином и эозином.
Результаты. Экспериментально установлено, что спиртовой и водный экстракты тимьяна Маршалла обладают про-
тивоопухолевой активностью. Морфологическое исследование опухолей животных показало снижение количества 
сохранных опухолевых клеток в поле зрения, выраженные некробиотические и атрофические изменения клеток опу-
холи, отсутствие митозов, разрастание соединительнотканных волокон, что соответствует II–III степени патоморфоза 
опухоли. 
Заключение. Водный экстракт тимьяна Маршалла проявил более сильную противоопухолевую активность. При его 
введении в опухолевую ткань выявлены морфологические признаки апоптоза: появление апоптотических телец, ка-
риопикноз и конденсация ядерного хроматина в опухолевых клетках. Можно предположить, что более выраженный 
противоопухолевый эффект водного экстракта обусловлен бóльшим выходом флавоноидов.
Ключевые слова: экстракт; Thymus marschallianus Willd.; противоопухолевая активность
Список сокращений: ЯЦИ – ядерно-цитоплазматический индекс; ВОЗ – Всемирная организация здравоохранения; 
MTS – метастазы; ГФ РФ XIV изд. – Государственная Фармакопея Российской Федерации XIV издания.

INTRODUCTION
According to the World Health Organization (WHO)1, 

cancer is the second leading cause of death in the world. 
In 2018, 9.6 million people died from this disease. Can-
cer is causing every sixth death in the world. The com-
mon methods of cancer treatments are surgery, chemo-
therapy and radiation therapy2. However, the antitumor 
activity of both individual natural compounds (alkaloids, 
terpenoids, quinones), and plant extracts, for example, 
Асоnitum baicalense Тurcz. ex Rapaics Ranunculaceae 
family [2], Kalanchoe daigremontiana Raym.-Hamet & 
H.Perrier Crassulaceae family, Aloe arborescens Mill. 
Asphodelaceae family [3], has been proven The drugs 
of this compounds are prescribed in the complex treat-
ment of cancer [1]. Flavonoids, polysaccharides, etc. are 
being studied as potential antitumor agents [1]. Herbal 
extracts are a promising subject of research in the field 
of cancer therapy. This is possible due for substances 
with a new mechanism of action that allows targeted 
action on tumor cells without damaging normal ones. 
The common chemical compounds of Thymus marschal-
lianus Willd. are essential oil, phenolic compounds, trit-
erpene compounds, polysaccharide complexes, mineral 
elements, amino acids, and organic acids [4–11], that 
makes this species promising in terms of antitumor ac-
tivity study. 

Previously, the antitumor activity was studied for spe-
cies of Thymus L. genus of different countries – T. alge-
riensis [12–13], T. vulgaris [12, 14–17], T. serpyllum, [12, 
18–19], T. caramanicus, T. carnosus Boiss., T. citriodorus, 
T. mastichina, T. pulegioides, T. satureioides, T. schimperi, 

1 World Health Organization. Cancer. 2021. Available from: https://
www.who.int/ru/news-room/fact-sheets/detail/cancer. 
2 Ibid.

T. zygis [12]. For example, MTT assay in vitro is used to 
show the antiproliferative effects of ethanol lyophilic ex-
tract and Thymus algeriensis Boiss & Reut. essential oil. 
The effects were evaluated on five human cancer cell 
lines: MCF-7 human adenocarcinoma cells and MDA-
MB-231, human cervical adenocarcinoma cells HeLa, hu-
man prostate cancer cell line PC3 and human leukemia 
cell line K56S [13]. Essential oil has been shown more ef-
fective growth suppression of cancer cells all lines than 
ethanol extracts. Thus, LD50 of ethanol extract was more 
than 10,000 µg/ml, LD50 of essential oil in range 300–1067 
µg/ml for various cancer cell lines used in this study. As 
a positive control, doxorubicin (an anticancer drug) was 
used, which demonstrated LD50 values in the range from 
1 to 20 µg/ml [13]. Another experiment [16] showed the 
antiproliferative effect of Thymus vulgaris L. essential 
oil on the MCF-7 and MDA-MB-231 cell lines using MTS 
colorimetric assays (to control cytotoxicity) and ELISA (to 
control cell proliferation). The results showed that thyme 
essential oil significantly reduced metabolic activity and 
subsequently cell survival in both tested cell lines: at a 
concentration of 0.12 µg/ml – MDA-MB-231 cell lines and 
0.13 µg/ml – MCF-7 cell lines [16]. It has been established 
that methanolic extract of Thymus serpyllum L. showed 
anti-cancer activity on the human cervical epithelial carci-
noma cell line (HCerEpC) in MTT assay. In the experiment 
cytotoxicity varied from 50 to 100% respectively in con-
centration range of 500–2500 µg/ml [18]. In addition, the 
ability of creeping thyme extract to induce apoptosis of a 
breast cancer tumor cell line (MCF-7 and MDA-MB-231) 
has been established. At the same time, it does not exhib-
it a cytotoxic effect on the human healthy breast cell line 
(MCF-10A) [19].

DOI: 10.19163/2307-9266-2021-9-6-476-484
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Thymus serpyllum L. is officinal species. On the ter-
ritory of the Saratov region occurs as a rare invasive 
species and has no resource value in the region. [20]. 
The most common closely related species in the terri-
tory of the Saratov region is a Thymus marschallianus 
Willd. Closely related plants species often exhibit a sim-
ilar pharmacological effect, because they have a similar 
chemical properties [21]. For example, wild-growing 
Thymus marschallianus Willd, previously showed expec-
torant, anti-inflammatory, angioprotective, antioxidant 
activity better then pharmacopoeial species – Thymus 
serpyllum L. The effects of these two types are similar 
[22]. At the same time, the quantitative content of es-
sential oils in the grass of Thymus marschallianus Willd 
exceeded the content of oils in the grass of Thymus ser-
pyllum L. [23].

It should be noted that the most experimental stud-
ies of antitumor activity Thymus genus representatives 
were based in vitro [12–15, 17–19], while in vivo [16] 
experiments number is very small. There is no informa-
tion in literature about the effect of extracts from raw 
Thymus marschallianus Willd on tumor cells.

THE AIM of the research is to study the antitumor 
activity of aqueous and alcoholic extracts of Thymus 
marschallianus Willd on male outbreed white rats with 
a PC-1 liver tumor.

MATERIALS AND METHODS
The object of research is crushed grass of Thymus 

marschallianus Willd. Сollected in flowering phase 
(June-July 2018) in the vicinity of Saratov. The species 
was determined according to the key of V. N. Gladkova 
and Yu. L. Menitsky “Flora of the European part of the 
USSR”3 [24]. The raw material was dried in well-venti-
lated place, then crushed to particles passing through a 
sieve with holes of 2 mm in size. 

Method of extracts preparation
Extracts from the specified plant material were 

made in two different ways:
1. According to the methodology of the State 

Pharmacopeia of Russian Federation XIVed (SP RF XIV) 
GPhM.1.4.1.0018.15 “Infusions and decoctions” 10 g 
of raw materials were placed in a glass preheated in a 
boiling water bath, 100 ml of water was poured at room 
temperature (the ratio of raw materials and extractant 
1:10), closed with a lid and insisted on water bath for 15 
minutes, then at room temperature – 45 minutes. The 
resulting extract was evaporated in a water bath until 
a thick extract was obtained (product yield – 1.0 ± 0.2 
g), then diluted with water for injection to concentration 
of 100 mg/ml. The technology of this extraction method 
is regulated by the SP RF XIV, validated and easily 
reproducible.

2. According to the patented technique [24], a 

3 Fedorov AA, Menitskiy YuL. Flora of the European part of the USSR. 
Leningrad: Nauka, 1978: 259 p. Russian

two-time extraction was carried out with ethyl alcohol 
95% (10 g of raw materials were poured with 100 ml of 
ethanol), boiled for 15 minutes. The obtained extract 
was drained, the remaining raw materials were again 
poured with 100 ml of alcohol, brought to a boil and 
drained for the first extraction. The obtained extract was 
evaporated in a water bath to the state of thick extract, 
diluted with distilled water, purified with chloroform, 
centrifuged for 15 minutes, then the purified aqueous 
fraction was evaporated in a water bath until thick 
extract was obtained (product yield – 0.4 ± 0.1 g), then 
diluted with water for injection to concentration of 100 
mg/ml. The obtained extract of Thymus marschallianus 
Willd. by this method previously show antimicrobial 
activity [25]. In addition, the obtained extract of Gratīola 
officinālis by this method previously shown antitumor 
activity [24, 26].

Work with laboratory animals
The work with laboratory animals was carried out 

in accordance with the research protocol that does 
not contradict Directive 2010/63/eu of the European 
Parliament and of the Council of the European Union of 
September 22, 2010 on the Vertebrate Animals used in 
experimental research. The aim and descriptions of the 
experiments were approved by the Ethical Commission 
of the Saratov State Medical University named after V.I. 
Razumovsky (Protocol No. 4, May 3, 2020).

Study design
The experiment was conducted in accordance 

with the guidelines for the experimental (preclinical) 
study of new pharmacological substances4. 15 male 
outbreed white laboratory rats weighing 200±50 g 
were injected subcutaneous in the scapula by 0.5 ml of 
25% tumor suspension of Hanks solution of the strain 
hepatic alveolar cancer RS-1, obtained from the bank 
of tumor strains of the N.N. Blokhin State Research 
Center of the Russian Academy of Medical Science. 
Animals with transplanted tumor were randomly di-
vided into 3 groups of 5 rats: the first was a control 
(negative control) that did not receive extract; the sec-
ond was an experimental one that receiving alcoholic 
extract of Thymus marschallianus Willd; the third was 
an experimental one that receiving aqueous extract of 
Thymus marschallianus Willd. After the tumor reached 
1 cm3 (on the 18th day from the beginning of exper-
iment), the rats in the experimental groups were in-
jected intraperitoneally by extract in dose of 100 mg/
kg, once a day for the next 14 days (18-31 day exper-
iment). After extract withdrawal laboratory animals 
were monitored for 7 days (32-38 day experiment). 
In connection, animals of all groups were withdrawn 
from the experiment ahead of schedule on the 32nd 

4 Mironov A.N., Bunyatyan N.D., Vasiliev A.N., et al. Guidelines for 
conducting preclinical studies of medicines. Moscow: Grif and K. 2012: 
944 p. Russian.
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day, because tumor has disintegrated in groups receiv-
ing alcoholic extract of thyme.

The dynamics of tumor growth was estimated by 
the change of volume according to the formula: 

V = A × B × C,
where: A is the tumor width; B is the thickness; C is 

the height of the tumor. 
Measurements were made with caliper every two 

days from the beginning of the experiment. To analyze 
the results, the true mass of the animal was calculated 
by subtracting the theoretical mass of the tumor (mul-
tiplying the volume of the tumor by density) from the 
weighing mass and true mass change:

Мtrue = Мanimal. – V × р,
where: М – is the weighing weight; V – tumor vol-

ume; р – the density of transplanted tumor 0,74 g/cm3 
[26]. 

The change in true weight of the animals (delta) 
body was determined by subtracting the mass of the ani-
mal before the start of experiment from true mass of the 
animal on experiment day and offered as a percentage. 
On day 32, the rats were removed from the experiment 
and samples of organ tissue, tumors, and blood were 
collected for additional studies. 

To study the pathomorphosis of the tumor, morpho-
logical and morphometric methods were used standard 
histological staining with hematoxylin and eosin. In the 
study of tumor tissue, the presence of dystrophic and 
necrobiotic changes was assessed, as well as morpho-
metric indicators such as: the diameter of the tumor 
cell, the ratio of the diameters of the tumor cell and its 
nucleus, the nuclear cytoplasmic index (NCI). The calcu-
lation was carried out on 100 cells in 10 view fields of 
each micropreparation using medical transmitted light 
Microvizor μVizo-101 (LOMO, Russia).

Statistical processing of results
Statistical processing of results was performed using 

the application Software package Statistica 10.0 (Stat-
Soft Inc., USA). The normal distribution of quantitative 
features and the equality of general variances were 
checked using the Shapiro-Wilk test and the Fisher’s 
exact test. Descriptive statistics of quantitative traits 
were presented in the form of central tendency, medi-
an (Me), interval (minimum and maximum values of the 
studied trait), and interquartile range (25 and 75 percen-
tiles). In the text, these indicators were specified as Me, 
[min-max], (LQ; UQ). The difference of the groups was 
determined using the Kruskal-Wallis test and also the 
Mann-Whitney U-test. The significance of the null statis-
tical hypothesis was 0.05.

RESULTS AND DISCUSSION
In the middle of the experiment a noticeable growth 

of the tumor was observed in animals receiving ethanol 
extract of Thymus marschallianus Willd, but significant 

differences from the control are not found (P = 0.427). 
The dynamic of changes in the tumor volume of rats 
receiving aqueous extract, was comparable to the mea-
surements in the control group and did not differ from 
it (P = 0.919).

Animals of all groups gained maximum weight be-
fore the tumor became 1 cm3 in volume (at 11 day). 
During the experiment, fluctuation in the dynamic of the 
animals true mass were observed: in the control group, 
this change was 4.6%.The dynamic vibration of the true 
weight of animals were also observed when introducing 
extracts of Thymus marschallianus Willd (18–31 days). 
In the group receiving ethanol extract, the true body 
weight of rats increased by 2.7% in the end of the exper-
iment, but these changes in compared with the control 
were unreliable (P = 0.835).  In animal group receiving 
aqueous extract, it increased by 14.4%, relative to the 
weight at the beginning of the experiment compared 
with the control group (P = 0.037) (Table 1). 

These changes indicate that in the animal group 
receiving aqueous thyme extract, body weight loss oc-
curred more slowly than in the control group and the 
group receiving ethanol extract.

The morphological examination revealed that the 
transplanted tumor in the control group consisted of cel-
lular structures of different shapes and sizes, separated 
by thin layers of connective tissue (Fig. 1). Tumor cells of 
oval or rounded shape, in the cytoplasm are large vacu-
oles containing mucus and pushing the oval nucleus to 
the periphery of the cell. The number of mitoses was 6 
in one visual field. Single tumor cells of necrosis were 
noted. 

During the morphological and morphometric study 
of the tumor tissue in the rats group receiving alcohol-
ic thyme extract, attention was paid to the pronounced 
pathomorphosis mainly in the central parts of the tu-
mor. A large number of “shadow cells”, a decrease in the 
size of tumor cells, and extensive zones of necrosis were 
noted. The intact tumor cells are represented by small 
rounded cells with rounded or bean shaped nuclei with 
single small vacuoles containing mucus. The tumor cells 
are located in cells formed by thickened connective tis-
sue partitions with a large number of thin-walled blood 
vessels. Connective tissue fibers are infiltrated by lym-
phocytes. Mitosis was determined only in one case of 
observation (Fig. 2).

In the group of rats receiving aqueous extract of 
thyme, the tumor is represented by small rounded 
cells with a reduced flattened nucleus located on the 
periphery of the tumor tissue. The central parts are 
represented by extensive necrotic foci, a large num-
ber of “shadow cells” and thickened connective tis-
sue partitions with a large number of blood vessels, 
as well as extensive clusters of tumor cells with signs 
of karyopycnosis, nuclear chromatin condensation 
and karyorexis, and a large number of apoptotic cells  
(Fig. 3, 4).

DOI: 10.19163/2307-9266-2021-9-6-476-484
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Figure 1 – Histological tumor structure of the control 
group

Note: the tumor cells are separated by thin layers of connective 
tissue. Stained with hematoxylin and eosin. Magnification 246.4×.

Figure 2 – Histological structure of the transplanted 
hepatic cancer in the group receiving alcohol extract 

of Thymus marschallianus Willd.
Note: dystrophic and necrotic changes in tumor cells, “shadow 

cells” (black arrow), thickening of connective tissue partitions (white 
arrow). Stained with hematoxylin and eosin. Magnification 246.4×.

Figure 3 – Histological structure of transplanted 
hepatic cancer in the group receiving aqueous extract 

of Thymus marschallianus Willd.
Note: necrotic foci of tumor tissue (black arrow), thickening of 

connective tissue partitions (white arrow). Stained with hematoxylin 
and eosin. Magnification 246.4×.

Figure 4 – Histological structure of transplanted 
hepatic cancer in the group receiving aqueous extract 

of Thymus marschallianus Willd. 
Note: nuclear chromatin condensation and karyorexis in tumor cells 

(white arrow). Stained with hematoxylin and eosin. Magnification 
246.4×

10 µm

10 µm 10 µm

10 µm

Table 1 – Dynamic of changes in the volume of the transplanted tumor of rats RS-1 and true body weight  
of experimental animals

Group

Indicator

Control group Alcoholic thyme 
extract

Aqueous thyme 
extract

Р* Р**Ме
(LQ; UQ)

[min-max]

Tumor volume
11087; 

(3678–22210);
[162–62350]

15150;
(4863.5–20736);

 [180–95040]

9948; 
(3072–19941); 
[160–49910]

0.583 0.329

Change in the true body 
weight of animals

6.53; 
(3.7–6.9); 

[–5.7–11.5]

0.7; 
(–2.1–8.7); 
[–3.1–9.4]

15.4;
(11.3–16.4);
[8.0–20.7]

0.000 0.037

Note: Me – median, LQ – lower quartile, UQ – upper quartile; [min-max] – the minimum and maximum values of the defined attribute; Р* – the 
significance of the differences between the groups was assessed using the Kruskal-Wallis test; Р** – the significance of the differences between 
the two experimental groups was assessed using the Mann-Whitney test.
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The morphometric study determined the decrease 
in the average number of intact tumor cells in the field 
of view. In compared with the control group a decrease 
was observed 2.2 times in the rat groups receiving etha-
nol extract of thyme, and 7.8 times in the group receiv-
ing aqueous extract.

The reducing of tumor cells size was observed in 
both experimental groups compared to the control 
group. Thus, in the rats group receiving alcoholic thyme 
extract, the average diameter of the tumor cell was 1.86 
times, and in the group receiving aqueous extract - 1.99 
times less than in the control group. In addition, the re-
ducing of nucleus diameter in the tumor cells and also 
the values of the nuclear-cytoplasmic ratio was noted in 
both the animal groups receiving ethanol extract (0.43) 
and aqueous thyme extract (0.38) compared to the con-
trol group (0.6) (Table 2).

Previously Kubatko P. et al. [16] studied the antitu-
mor activity of Thymus vulgaris L. on models of breast 
carcinoma in vivo. Chemoprophylaxis (NMU-induced 
breast caтncer model in female rats) and therapeutic 
use (4T1 adenocarcinoma model in female mice) were 
studied experimentally. The animals were fed pellets of 
thyme grass (the grass was crushed to particles of 2 mm 
in size and processed using a “cold granulation proce-
dure”) in two concentrations of 1 g/kg and 10 g/kg. The 
pellets were given to rats a week before the carcinogen 
would been administered on and continued for up to 
15 weeks of the experiment. For mice – from the day of 
inoculation of carcinoma cells and up to 15 days. Food 
intake during the experiment was monitored four times 
in rats and twice in mice for 24 hours. The average daily 
dose of thyme for rat was 16.27 mg (thyme 1 g/kg) and 

172.00 mg (thyme 10 g/kg), for mouse – 2.06 mg (thyme 
1 g/kg) and 15.13 mg (thyme 10 g/kg). Thyme dose of 
10 g/kg significantly inhibited the formation of breast 
cancer by 53% compared with the control, but the la-
tency of the tumor and average volume does not signifi-
cantly change. The chemoprophylactic efficacy (tumor 
frequency) observed in this rats group significantly cor-
related with tumors reduced, i.e. a small number of new 
tumors that grew longer were noted. Thyme at dose of 
1 g/kg doesn’t show any significant changes compared 
with control. The volume of tumors was significantly 
smaller in the two experimental groups receiving thyme 
compared with control: 85% in group receiving pellets 
at concentration of 1 g/kg and 84% in group receiving 
pellets at concentration of 10 g/kg. Moreover, thyme in 
both doses significantly reduced the necrosis ratio of en-
tire tumor area –77% (thyme 1 g/kg) and 81% (thyme 10 
g/kg) compared with control, as well as the mitotic ac-
tivity index –31.5% (thyme 1 g/kg) and 25% (thyme 10 g/
kg) compared with the control (with adenocarcinomas). 

Our in vivo experiment conducted on rats, alveolar 
hepatic cancer PC-1 was used. Thymus marschallianus 
Willd. herb extracts were administered intraperitoneal to 
animals at dose of 100 mg/kg (0.1 g/kg) for 14 days after 
the tumor became 1 cm3. We studied the effectiveness 
of the therapeutic use of Thymus marschallianus Willd. 
extracts. In the article Kubatko P. et al. [16], the general 
condition of animals (changes of animal weight, appe-
tite) was not described. This does not allow us to com-
pare the antichectic activity of common thyme granules 
and studied Thymus marschallianus extracts. It should 
be noted that the rats chemocarcinogen-induced breast 
carcinogenesis in, thyme granules at dose of 10 g/kg  

Table 2 – Morphometric parameters of transferable hepatic cancer cells

Group

Indicator

Control group Alcoholic thyme 
extract

Aqueous thyme 
extract

Р* Р**Ме
(LQ; UQ)

[min-max]

Cells number in the view field 
90

(82–96);
[68–123]

39
(34–47);
[24–64]

11
(9–15);
[6–18]

0.000 0.000

Number of necrotic cells
1

(1–2);
[0–4]

20.05
(11–34);
[7–47]

42
(38–44);
[28–54]

0.000 0.000

Diameter of t tumor cell
14

(13–15);
[12–21]

7
(6–8)

[6–12]

7
(6–8);
[6–10]

0.000 0.065

Diameter of the tumor cell 
nucleus

8
(7–9);
[6–10]

3
(3–4)
[2–5]

3
(2–3);
[2–3]

0.000 0.000

Nuclear-cytoplasmic ratio
0.6

(0.5–0.6);
[0.5–0.8]

0.43
(0.38–0.5);
[0.3–0.83]

0.38
(0.33–0.43);

[0.2–0.5]
0.001 0.001

Note: Me – median, LQ – lower quartile, UQ – upper quartile; [min-max] – the minimum and maximum values of the defined attribute; Р* – the 
significance of the differences between the groups was assessed using the Kruskal-Wallis test; Р** – the significance of the differences between 
the two experimental groups was assessed using the Mann-Whitney test.

DOI: 10.19163/2307-9266-2021-9-6-476-484



482

ISSN 2307-9266   e-ISSN 2413-2241

Volume IX, Issue 6, 2021

 RESEARCH ARTICLE

significantly reduced the incidence of tumors (about 
53%). That proves the effectiveness of thyme granules 
use as a chemoprophylactic agent. it is difficult to as-
sess the key parameters of the therapeutic effect (tumor 
volume) of this experimental model, since the rats with 
effective chemoprophylaxis had a relatively small num-
ber of new tumors compared to the control group. The 
model of carcinoma transplantation in mice [16], as in 
our experiment, makes it possible to evaluate the ther-
apeutic effect of the investigated substances, since their 
action is directed against existing cancer cells. Our ex-
periment was show that the volume of tumors in experi-
mental groups changed in the same way as in the control 
group, however, histological tumors analysis of animals 
receiving extracts at dose of 100 mg/kg We revealed a 
decrease in the number of intact tumor cells in the field 
of view, pronounced necrobiotic and atrophic changes in 
tumor cells, the absence of mitosis, proliferation of con-
nective tissue fibers, due to which, probably, the volume 
of tumors did not decrease. At the same time, the aque-
ous extract of Thymus marschallianus Willd. showed a 
more pronounced antitumor effect, since morphological 
signs of apoptosis were revealed when it was adminis-
tered. 

In the experiment Kubatka P. et al. [16] the volume of 
tumors in mice receiving thyme granules in two studied 
doses (1 g/kg and 10 g/kg) was less than in the control 
group. The results described by the authors are demon-
strated several mechanisms of antitumor action studied 
in the experiment – proapoptotic, antiproliferative, anti-
angiogenic, antioxidant [16]. Thus, our experiment and 
research Kubatka P. et al. [16] demonstrated significant 
anti-cancer activity in vivo of species of the Thymus L. 
genus (Thymus marschallianus and Thymus vulgaris), 
but despite the fact that these species are closely re-

lated, the nature of the effects manifested is different. 
It can be assumed that the different changes in the vo- 
lume of tumors and the different nature of the structural 
tumor changes of the two experiments are due to the 
different sensitivity of cancer cells in vivo to phytochem-
icals, the variability of the chemical composition of the 
studied plant species, as well as dose dependence. 

CONCLUSION
The growth dynamic of tumor volume under 

the influence of both alcoholic and aqueous extracts 
of Thymus marschallianus Willd. was similar to the 
measurements in the control group (no significant 
differences from the control group were found). At the 
same time, in both experimental groups receiving thyme 
extracts, along with necrotic changes, there was an 
overgrowth of connective tissue fibers, which probably 
explains the unreliability of changes in the volume of 
tumor formations in groups. 

Morphological analysis of the tumor tissue showed 
antitumor activity of both alcoholic and aqueous extracts 
Thymus marschallianus Willd. herb, and this is evidenced 
by a decrease in the number of preserved tumor cells 
in the view field, pronounced necrobiotic and atrophic 
changes in tumor cells, the absence of mitoses, and 
the growth of connective tissue fibers corresponding 
to the II-III stage of tumor pathomorphosis [27]. It 
should be noted that the aqueous extract of Thymus 
marschallianus Willd showed stronger antitumor activity, 
since morphological signs of apoptosis were revealed: 
the appearance of apoptotic bodies, karyopycnosis and 
condensation of nuclear chromatin in tumor cells. It 
can be assumed that the more pronounced antitumor 
effect of the aqueous extract is due to the high yield of 
flavonoids.
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