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ABSTRACT

Introduction: Studied the antiprostatic activity of the sum of esters of sequiterpine alcohols obtained by ferula thin-braided
(ferule).

Objective: The purpose of the study was to substantiate the feasibility of using the developed new drug ferulene as a means of
antiprostatic action in the body.

Methods: To assess the effect of ferulene on androgen-dependent organs, the drug was administered to male rats orally using
a metal probe at doses of 1-5-10 mg/kg for 10 days. Each dose of the drug was tested on 10 rats.

Results: It was found that ferule has a pronounced ant prostatic effect when administered orally, reduces the mass of adreno-
genesis-dependent organs (ventral prostate, coagulating gland, seminal vesicles, and testes) and reduces the level of testoster-
one in the blood. In terms of ant prostatic activity, ferule is not inferior to surgical castration.

Conclusion: Long-term use of ferulene is well tolerated by experimental animals and does not have a toxic effect on the part of
biochemical parameters, a decrease in the mass of androgen-dependent organs (ventral prostate, coagulating gland, seminal
vesicles, testes) and a decrease in the content of testosterone in the blood associated with the specific activity of the drug about
target organs.
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INTRODUCTION the unresolved issues of its therapy. Drug therapy occupies

an important place in the treatment of patients with prostate

Prostate cancer (PC) is currently one of the most pressing  cancer and is based on the results of the latest research on
diseases in urology oncology. Survival outcomes for patients o pathogenesis of this disease. For the drug treatment of
with hormonal treatment are different. PC is a fairly com-  patients with prostate cancer, 5-o-reductase inhibitors, o1-
mon disease. On average, 71 cases per 100 thousand men  ggrenergic receptor blockers, polyene antibiotics, antian-

are registered per year. Moreover, in the last decade, there  qro0eng, estrogens, and preparations of plant and biological
has been an increase in the incidence of 3% annually. This origin are used.?

is an alarming signal that suggests an increase in the number

of registered cases by almost 2 times already by 2030. Treat-  Frostate cancer is one of the most common diseases of
ment of patients with prostate cancer is an important task ~Me0 of elderly and senile age, occupying the 2-3rd place
of modern urology due to the prevalence of the disease and in the structure of oncological diseases of the male popu-
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lation and showing a clear tendency to an increase in fre-
quency.*

The main functions of the gland are the partial production
of semen (about 30% of the total volume), as well as par-
ticipation in the process of ejaculation. A man’s ability to
retain urine is also related to prostate function.® Because of
the above, the creation of a new agent for the treatment of
adenoma and prostate cancer is a scientific novelty and an
urgent task.

Based on the esters of ferutinin (C,,H, O,), ferutin (C,,H,,O,),
tenuferin (C,H,,0,), tenuferidine (C,,H, O,) and fertidine
(C,H,0,) isolated from the roots of the finely dissected
ferula (Ferula tenuisecta celery), a new family has been cre-
ated. the drug “Ferulen” for the treatment of adenoma and

prostate cancer.’

Technology has been developed for the preparation of feru-
lene, which consists in the extraction of plant materials with
alcohol, thickening of the alcohol extract, dilution with water
and extraction of esters with ethyl acetate, treatment with 5%
potash solution, extraction of esters with 1% KOH solution,
acidification with sulfuric acid, extraction with ethyl acetate,
evaporation of ethyl acetate solution, chromatographic pu-
rification of esters on a column of silica gel (eluent - ethyl
acetate-hexane 1: 3) and drying of the esters by adding mi-
crocrystalline cellulose. The yield of the ferulene substance
is 18.6% by weight of the raw material, esters - 80% of the
content in the raw material.*’ The purpose of the study was to
substantiate the feasibility of using the developed new drug
ferulene as a means of antiprostatic action in the body.

MATERIALS AND METHODS

Animals and habitat
All animals were kept in stationary vivarium conditions on a
regular diet with free access to water. Experiments with them
were carried out by the rules adopted by the International
Convention for the Protection of Vertebrate Animals used for
Experimental Purposes.®®

Experimantal design

To assess the effect of ferulene on androgen-dependent or-
gans, the drug was administered to male rats orally using
a metal probe at doses of 1-5-10 mg/kg for 10 days. Each
dose of the drug was tested on 10 rats. The control group of
animals under similar experimental conditions was injected
with a solvent (distilled water with the addition of apricot
gum). After the end of the experiment, all experimental and
control animals were decapitated, the weight of the ventral
prostate, coagulating gland, seminal vesicles and testes was
determined; the content of testosterone in the blood serum
was determined by the radiomunal method on the counter

“Gamma-12” with kits for the in vitro radioimmunoassay
and the immunoenzyme (Human GmbH (Germany) kit “Di-
agnostiksistema”, Russia) by the method for the determina-
tion of testosterone in the blood serum of the Czech com-
pany “JMMUNOTECH as” Content of bioactive luteinizing
hormone in the blood plasma of male rats was determined
using the enzyme immunoassay analyzer MINDRAY-MR-
96A. (the work was carried out at the Research Institute of
Endocrinology, Ministry of Health of the Republic of Uz-
bekistan), histological studies were also carried out.

The study of the effect of ferulene on androgen-dependent
organs in comparison with surgical castration was carried
out on white male rats weighing 300-320 g. the drug was
administered orally using a metal probe at a dose of 10 mg/
kg for 10 days. Surgical castration (orchiectomy) was per-
formed with a longitudinal incision at the base of the scro-
tum, the skin and testicular membrane were dissected to the
albuminous. The testicle with the epididymis and part of the
spermatic cord was bluntly isolated. The rope was clamped
in parts with a clamp and crossed. The proximal part of the
transected cord was sutured with strong ligatures and the tes-
ticle and cord were removed. The control group of animals
was injected with a solvent under similar experimental con-
ditions. After the end of the experiment, all experimental and
control animals were decapitated, the weight of the ventral
prostate, coagulating gland, seminal vesicles and testes was
determined; determined the content of luteinizing hormone
and testosterone in the blood serum.**

The study of the chronic toxicity of the drug Ferulen was
carried out in experiments on 40 white outbred rats - males.
The drug was injected into the stomach daily at doses of 10-
25-50 mg/kg for 2 months. Each dose was tested in 10 rats.
The control group of animals was injected with the solvent
under similar conditions. All experimental and control ani-
mals were kept in the same conditions and on the usual diet.

Statistical analysis
The digital material obtained during the experiments was
statistically processed using the Student’s t-test.

RESULTS AND DISCUSSION

The results of the studies showed that oral administration
of ferulene at a dose of 1 mg/kg reduced the weight of the
ventral prostate, coagulating gland, seminal vesicles and
testicles compared with the control group of rats by 35%,
26.2%, 34% and 11%, respectively. With an increase in the
dose of the drug to 5 mg/kg, ferulene reduced the mass of
these organs by 56%, 39%, 41% and 23%, respectively. A
further increase in the dose of ferulene to 10 mg/kg reduced
the mass of the ventral prostate and the coagulating gland to
values close to post-castration and compared with the control
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group, the mass of the ventral prostate decreased by 73%,
the coagulating gland by 61%, seminal vesicles by 60% and
testes by 41% (Table 1).

The results of the studies carried out to assess the content
of luteinizing hormone and testosterone in the blood serum
showed that ferulene with 10 days of oral administration in
doses of 1-5-10 mg/kg leads to a decrease in testosterone,
compared with control animals by 19%, 28% and 54 % of
a luteinizing hormone by 24.5%, 31% and 47.13%, respec-
tively (Table 2).

The results of a histological study showed that the introduc-
tion of ferulene at a dose of 1 mg/kg caused in some animals
a slight decrease in the amount of secretion in the lumen of
the prostate, a decrease in the height of epithelial cells and
an increase in the connective tissue of the organ. In other
animals, the reaction to the introduction of ferulene at a dose
of 1 mg/kg was significantly stronger.

When the dose of ferulene was increased to 5 mg/kg, the
histological changes became permanent and deeper. The size

of the lumens of the end sections of the gland decreased,
even more, the volume of the cytoplasm of epithelial cells,
their shape changed, they became low-cylindrical or cubic.
Desquamation of the epithelium from a large area of the al-
veoli was observed. The connective tissue grew, replacing
the atrophied secretory parts of the gland. The cells of the
basal layer of the glandular epithelium had a pycnotic nucle-
us and an optically transparent cytoplasm. Hypertrophy and
hyperplasia of myocytes around the secretory glands were
observed.*™?

With a further increase in the dose of ferulene to 10 mg/kg
against the background of hyperplasia of connective tissue
and muscle elements, pronounced dystrophic and destructive
changes in the secretory epithelium were observed.

Thus, the results of the studies carried out have established
that, depending on the administered dose, ferulene, to vary-
ing degrees, reduces the mass of androgen-dependent organs,
causes dystrophic destructive changes in the prostate and re-
duces the content of luteinizing hormone and testosterone in
the blood serum of male rats (Table 1 and 2).

Table 1: The effect of ferulene on the relative mass of androgen-dependent organs in male rats mg / 100g body

weight in comparison with intact animals (n = 10)

Dose, Drug administration Ventral Coagulating Seed Seme
Groups mg / kg prostate gland Bubbles Nicky
The control into the stomach
(intact) Solvent 94.2%6.08 66.8+4.9 188.0+ 12.2 1205.0+82.7
Ferulen 1.0 into the stomach 61.4£4.2 49.243.5 124.4% 9.1 1075.0£45.1
Ferulen 5.0 into the stomach 41.8+3.3 40.6+3.4 110.6+7.9 925.2+ 51.9
Ferulen 10.0 into the stomach 25 26 75 705

Table 2: The content of testosterone and luteinizing hormone in the blood plasma of male rats under the
influence of ferulene 10 days after administration (n=10)

Conditions of the

experience

Method of administration

The control Solvent into the stomach
into the stomach

Ferulen 1.0 into the stomach
into the stomach

Ferulen 5.0

Ferulen 10.0

Testosterone Luteinizing hormone,
nmol/l IU/L

4.32£0.41 34.65+1.62

3.52+0.26 26.15+1.33

3.1+0.22 20.15%1.16

1.98+0.2 18.32+0.88

Note: the content of luteinizing hormone is expressed in units of the international standard LH69 / 104-ME; P<o0.05.

The results of the studies on the effect on the mass of andro-
gen-dependent organs in comparison with orchiectomy are
presented in Table 3. As can be seen from the table, feru-
lene at a dose of 10 mg/kg reduced the mass of the ventral
prostate and coagulating gland at the level of surgical castra-

tion, and compared with the control animals, the mass of the
ventral prostate decreased by 67%, the coagulating gland by
66%, seminal vesicles by 59%. and testicles by 35% (Tables
3,4 and 5).
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Table 3: Comparative study of ferulene and surgical castration for androgen-dependent organs in male rats
mg / 100g body weight (n = 10)

Experience Method of administration Ventral Coagulating Seed Seme
conditions Drug prostate gland bubbles Nicky
The control - Into the stomach 88.6+9.6 66.2+7.2 167.4+ 15.9 1110.0+108.2
Orchiectomy Into the stomach 31.3+3.8 19.8+2.3 41.9%5.2

Ferulen 10.0 Into the stomach 28 22 72 705

Table 4: The content of testosterone in the blood plasma of male rats under the influence of ferulene after 10
days of administration and orchiectomy (n = 10)

Experience conditions Dose Method of administration Testosterone

mg / kg nmol /1
The control Solvent into the stomach 3
Castration orchiectomy 0.4
Ferulen 10,0 into the stomach 2

* p < 0,001 versus control

The results of the studies have shown that long-term oral ad-  did not differ from control rats in general condition, in hae-
ministration of ferulene at doses of 10-25-50 mg/kg is well matological parameters (Tables 6 and 7).
tolerated by experimental animals. All experimental animals

Table 5: Biochemical data of the blood serum of rats receiving ferulene after the end of the experiment

Indicators 10 mg / kg 25 mg / kg 50 mg / kg Control
AlAt mmol / hl 1.34%0.14 1.4+0.12 1.5£0.19 1.46+0.08
ASAT mmol / hl. 3.17+0.14 3.6+0.18 3.2+0.16 3.16+0.09
Glucose mmol / 1 4.60+0.82 4.50+0.63 4.74+0.76 4.2240.57
Common protein g / | 77.0%£2.4 76.0£1.9 79.0£1.7 78.01.8
Urea mmol / 1 5.3+0.63 4.7+0.61 4.1+0.54% 5.9%0.61
-lipoproteins g / 1 0.52+0.03*** 0.56+0.02** 0.55+0.02*** 0.67+0.03
Cholesterol mg% 62.5%4.9 57.94.1 54.4+4.6* 69.4%4.6
Lipids g /1 172 142 1.52 2

* P <0,05 versus control

Table 6: A picture of the peripheral blood of rats receiving ferulene (10 days after the start of the experiment).

Indicators 1o0mg / kg 25 mg / kg 50 mg / kg Control
Hemoglobin g /1 133+10.8 123+11.1 127+9.8 130+8.8
Leukocytes thousand / pl 11.6+1.3 12,1115 12.8+1.0 10.841.3
Erythrocytes mln / pl 6.61+0.71 6.24+0.59 7.01+0.66 6.88+0.52
Lymphocytes% 61+2.1 60.0+2.0 59.0+2.15 63.5+1.8
Monocytes% 4.0£0.3 4.5+0.4 5.0%0.2 4.0%0.3
Eosinophils% 2.5+0.2 3.0%0.2 2.0%0.3 2.5+0.2
Segmented neutr. % 30.5%1.7 20.5+1.8 31.0%1.5 27.5+1.8
Stab neutrophils% 2.5+0.5 3.010.3 3.010.3 2.50.4

Note: the blood picture is within the physiological norm. The difference compared to the control group. Unreliable. P>0,05
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Table 7: The peripheral blood pattern of rats receiving ferulen in a chronic experiment (60 days after the start

of the experiment).

Indicators 10 mg / kg 25 mg / kg 50 mg / kg Control
Hemoglobing /1 138+8.8 140+9,5 139+7.7 141+8.9
Leukocytes thousand /pl 13.7+1.2 12.6+0.9 12.7£1.1 12.5+0.9
Erythrocytes mln / pl 7.0%0.4 6.7+0.4 6.5+0.4 7.15%0.2
Lymphocytes % 61.0+1.6 62.0%1.5 60.1+1.8 61.8+1.6
Monocytes % 4.240.22 4.8+0.25 5.0£0.2 4.20.22
Eosinophils % 2.5+0.3 2.7+0.25 2.20.24 2.8+0.2
Segmented neutrophils % 27.6+2.0 26.5+2.2 27.1+1.6 27.7+1.8
Rod neutrophils % 4.5%0.24 4.9+0.22 5.00.21 4.4+0.28

Note: there is no statistically significant differences.P>0,05

The results of the studies have shown that long-term oral ad- REFERENCES

ministration of ferulene at doses of 10-25-50 mg/kg is well
tolerated by experimental animals. All experimental animals
did not differ from the control rats in general condition, be-
haviour, and haematological parameters (Table 6 and7). On
the part of biochemical parameters, a decrease in urea was
noted, B- lipoproteins, cholesterol and lipids (Table 5).

CONCLUSION

The studies carried out in this work showed that ferulene has
a pronounced antiprostatic effect when administered orally,
reduces the mass of adrenogenesis-dependent organs (ven-
tral prostate, coagulating gland, seminal vesicles, testes) and
reduces the level of testosterone in the blood. In terms of an-
tiprostatic activity, ferulene is not inferior to surgical castra-
tion. When applied again, it does not accumulate. Long-term
use of ferulene is well tolerated by experimental animals
and does not have a toxic effect on the part of biochemical
parameters, a decrease in the mass of androgen-dependent
organs (ventral prostate, coagulating gland, seminal vesicles,
testes) and a decrease in the content of testosterone in the
blood associated with the specific activity of the drug con-
cerning target organs.
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