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Abstract. Purpose. Evaluation of the possibility of using silicon, silicon-zinc, silicon-zinc organoboron compounds and com-
positions based on them for the treatment and prevention of inflammatory and non-inflammatory diseases in agricultural and 
small domestic animals. Method. There was carried out a clinical trial of various medicinal compositions with a base in the 
form of organic compounds of silicon, zinc, boron, both containing antimicrobial components and environmentally friendly 
agents. For this purpose, groups of animals were formed on the principle of analogs. The multiplicity and administration of 
drugs depended on the studied pathology. Results. The obtained results showed a high efficiency of the studied compositions, 
in particular, in the treatment of postpartum diseases of the uterus of an inflammatory nature, the effectiveness of the application 
was 95.5 %, with conservative treatment of the retention of the placenta – 100 %. Also, these funds are highly effective for the 
treatment of hyperkeratosis of the udder nipples, without changing the technology of milking. On average, the effectiveness 
of the compositions reached 86.1 % when the funds were used for 7 days. The study of an antimicrobial composition based 
on organosilicon glycerohydrogel in the treatment of purulent-necrotic lesions in the distal part of the extremities in cows can 
reduce the frequency of procedures and the duration of treatment by 6 days compared to animals in the control group. Scientific 
novelty. New functional biologically active pharmacological agents based on silicon-, silicon-zinc-, silicon-zinc boron glycero-
hydrogels have been developed and clinically tested for the treatment of cows with postpartum uterine diseases, in particular, 
postpartum endometritis and retention of the placenta, hyperkeratosis of the udder nipples, purulent-necrotic diseases of the 
distal also necrotic skin lesions of small domestic animals.
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Introduction
Diseases of the reproductive system organs, mammary 

gland, and extremities cause significant economic damage to 
the dairy farming industry and significantly reduce the prof-
itability of the dairy farming industry [1, p. 59], [4, p. 35], 
[8, p. 38]. An analysis carried out by a number of researchers 
showed a high degree of spread of both diseases of the breast 
and the reproductive system [2, p. 201], [5, p. 64], [12, p. 37], 
[13, p. 119]. At the same time, the use of antimicrobial drugs 
for the treatment and prevention of these diseases is associated 
with the forced rejection of milk for the period of treatment of 
animals. An analysis carried out by a number of researchers 
showed a high degree of spread of both diseases of the breast 
and the reproductive system [2, p. 201], [5, p. 64], [12, p. 37], 
[13, p. 119]. At the same time, the use of antimicrobial drugs 
for the treatment and prevention of these diseases is associated 
with the forced rejection of milk for the period of treatment of 
animals. In this regard, the development of modern and envi-
ronmentally friendly therapeutic and prophylactic agents is an 
urgent task for specialists in various fields of activity [6, p. 85; 
7, p. 25, 16, p. 1877]. In particular, one of the modern areas of 

chemical and pharmacological science is the development of 
agents based on organosilicon compounds.

Until 2013 Department of Surgery, Obstetrics and Micro-
biology under the leadership of Professor Anna F. Kolchina 
with the Institute of Organic Synthesis named after I. Ya. Post-
ovsky, in particular, Doctor of Chemistry Tatyana G. Khonina 
has been studying the effectiveness and possible applications 
of biologically active organosilicon compounds in veterinary 
practice for more than 10 years [3, p. 18], [10, p. 62], [15, 
p. 1881].

Due to the fact that the basis can have a significant effect 
on the effectiveness of a drug, the development of its optimal 
composition remains an urgent issue. In particular, a modern 
and promising direction of research is the synthesis of organic 
compounds based on essential trace elements, in particular 
silicon, zinc and boron. Institute of Organic Synthesis named 
after I. Ya. Postovsky of the Ural Branch of the Russian Acad-
emy of Sciences for a number of years has been engaged in 
the synthesis of organosilicon compounds, in particular, the 
employees of the institute have patented silicon glycerolates 
with transcutaneous conductivity of drugs, as well as hy-
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drogels based on them: silicon-containing glycerohydrogel 
Si (C3H7O3)4 ∙ 6C3H8O3 ∙ 24H2O (Patent RF 2255939, 2005), 
substance: (2,3-dioxypropyl)-ortho-silicate glycerohydrogel: 
preparation “Silativit”, water-soluble dimethylglycerolates 
of silicon (CH3)2Si (C3H7O3)2 ∙ хC3H8O3, х = 0.25–1.0 (Pat-
ent RF 2382046, 2010), silicon-zinc-containing glycerohydro-
gel 2Si (C3H7O3)4 ∙ ZnC3H6O3 ∙ 14C3H8O3 ∙ 80H2O (RF Pat-
ent 2520969, 2014), silicon-containing glycerohydrogel 
Si (C3H7O3)4 ∙ HB (C3H6O3) 2 ∙ 8C3H8O3 ∙ 28H2O (Patent 
RF 2601312, 2016), silicon-zinc-boron-containing glycerohy-
drogel 3Si(C3Н7O3)4 ∙ ZnC3H6O3 ∙ 2HB(C3H6O3)2 ∙8C3H8O3 ∙ 
28H2O (RF Pat. 2601312, 2016), silicon-zinc boron-con-
taining glycerohydrogel 3Si (C3H7O3)4 ∙ ZnC3H6O3 ∙ 2HB 
(C3H6O3)2 ∙ 15C3H8O3 ∙ 70H2O (Pat. 2623153 RF, 2017) 

These compounds are economical and easy to obtain, non-
toxic, do not accumulate, do not cause local and systemic al-
lergic reactions, have a beneficial effect on the processes of 
tissue repair and regeneration, have a pronounced transcu-
taneous conductivity, anti-edema effect, and increase tissue 
oxygenation. An important property of these bases is their 
structural compatibility with the lipid component of cell mem-
branes, as well as compatibility with most drugs [9, p. 1627], 
[11, p. 562], [14, p. 225]. 

In this regard, a number of pharmacological compositions 
with different bases were developed and their clinical testing 
was carried out in agricultural enterprises of the Sverdlovsk re-
gion for the prevention and treatment of inflammatory diseases 
of the organs of the reproductive system of cows, as well as 
the mammary gland and purulent-necrotic lesions in the distal 
part of the extremities, as well as of necrotic skin lesions in 
small pets at the animal rehabilitation center of the Ural State 
Agrarian University.

Methods
The study of the effectiveness of pharmacological compo-

sitions for the treatment and prevention of postpartum endo-
metritis, hyperkeratosis of the udder nipples was carried out on 
the basis of a number of agricultural enterprises in the Sverd-
lovsk region with the formation of groups of animals accord-
ing to the principle of analogues.

For the treatment and prevention of diseases of the udder 
nipples, the investigational agents were applied to the udder 
nipples immediately after milking, 2 times a day for an aver-

age of 7 days. When evaluating the results, was assessed the 
condition of the skin of the nipples of the mammary gland, tak-
ing into account the severity and outer diameter of circular cal-
luses in the area of the opening of the nipple canal, ultrasonic 
criteria for the presence of pathological tissues in the lumen of 
the nipple canal, as well as the presence of subclinical mastitis 
in the quarters of the udder.

In the treatment of purulent-necrotic lesions in the distal 
extremities and skin, the investigational agents were applied 
to the affected areas 1 time in 3 days until the completion of 
the primary repair processes. In the treatment of necrotic skin 
lesions in small pets, the investigational agents were applied 
in a thin layer directly to the area of damage from 6 to 8 days, 
once every 24 hours.

Results
The staff of the department have been engaged in the de-

velopment and testing of drugs for the treatment of acute post-
partum endometritis for a number of years. Due to the high 
incidence of inflammatory diseases of the uterus in the post-
partum period, a liquid antimicrobial composition based on a 
water-soluble organosilicon derivative of glycerin was includ-
ed in the complex treatment regimen for postpartum endome-
tritis, including: pefloxacin – 1.00 wt %; metronidazole – 1.00 
wt %; chlorhexidine bigluconate – 0.05 wt %; silicon dimeth-
ylglycerolates Me2Si (C3H7O3)2 · C3H8O3 – the rest.

The composition was administered to animals intrauterine-
ly with an interval of 48 hours, in a volume of 100 ml, previ-
ously diluted in a ratio of 1: 2 with sterile water, the frequency 
of administration was from 3 to 5 times. To cows of the con-
trol group, intrauterine administration of the drug genobiotic, 
foaming tablets, was used as antimicrobial therapy, according 
to the instructions. The assessment of the condition of the gen-
itals was carried out on 7th, 14th, 21st days after calving using 
a gynecological examination.

The obtained results showed that the treatment period for 
animals in the experimental group was about 12 days with an 
efficiency of 95.5 %, and in the control group – about 18 days, 
with an efficiency of 86.4 %. (fig. 1) At the same time, the 
animals of the experimental group showed a reduction in the 
recovery time of the sexual cycle and the service period in 
the cows of the experimental group, and they also showed an 
increase in fertilization from the first insemination.

Fig. 1. Indicators of the reproductive function of cows: 
1 – restoration of cyclicity, days, 2 – the period from birth to fertilization, days, 3 – fertilization from the 1st insemination, %
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However, this composition contains antibiotics, which 
may somewhat limit its use. In this regard, a composition was 
proposed based on silicon glycerolates, including 0.5 % – su-
percritical CO2 extract of calendula: CO2 extract of calendu-
la – 0.50 wt %; silicon dimethylglycerolates Me2Si (C3H7O3)2, 
C3H8O3 – the rest. The supercritical CO2 extract of calendula 
added to the composition of the product has an anti-inflam-
matory effect and improves the processes of epithelial regen-
eration. Evaluation of the effectiveness of the composition 
was carried out on a group of animals with the retention of 
the placenta and using a conservative method of treating this 
pathology.

After the end of treatment, the cows of the experimental 
group showed complete recovery in 100 % of cases, while two 
animals from the control group needed an additional treatment 
course, that is, its effectiveness was 87.5 % (fig. 2). In addition, 
the cows of the experimental group, relative to the control, 
recorded a positive tendency to accelerate the recovery of the 
uterus in the postpartum period, in particular, the period from 
birth to fertilization in the experimental group was 92.69 ± 
2.80 days, which is 11.93 days less than control.

Thus, on the basis of the carried out studies, it can be con-
cluded that the use of liquid medicinal compositions based on 
a water-soluble organosilicon glycerin derivative as part of 
complex treatment regimens for cows with postpartum endo-
metritis and retention of the placenta is effective and requires 
further research.

The second line of research on the effectiveness of the de-
veloped compositions is the treatment and prevention of udder 
diseases in cows during lactation. In this regard, a number of 
compositions have been developed in the form of various dos-
age forms, in particular gels and liquid forms.

The composition based on silicon glycerolates, containing 
0.5 % supercritical CO2 extract of calendula, was tested for the 
treatment of subclinical mastitis in lactating cows. The agent 
was administered intercisternally, 10 ml, once a day for 4 days. 
As a result, 50 % of the cows showed recovery, confirmed by 
a negative reaction with a rapid mastitis test and a sedimenta-
tion test.

One of the problems of the dairy farming industry is udder 
teat hyperkeratosis, which is widespread in agricultural enter-
prises with a high level of dairy productivity. At the same time, 
hyperkeratosis is a predisposing cause of mastitis in cows, as 

well as premature culling of animals, since the tissues of the 
nipple canal are destroyed, which leads to a violation of its 
barrier function.

In this regard, for a number of years, we have conducted 
researches on various medicinal compositions for the treat-
ment and prevention of diseases of the udder nipples.

Compositions based on “Silativit”, organosilicon glycero-
hydrogel, containing antimicrobial drugs (pefloxacin, metroni-
dazole, chlorhexidine), 0.5 % supercritical CO2 extract of ca-
lendula, 1 % “Vetoron”, 4.2 % zinc monoglycerolates, as well 
as agents such as organosiliconzinc and organosiliconzincbo-
ron glycerohydrogels.

One of the advantages of the developed functional bio-
logically active compositions based on glycerohydrogels of 
silicon, zinc and boron is the possibility of their use without 
changing the mode of machine milking of cows, while ensur-
ing recovery of up to 86.1 % of affected udder quarters. These 
pharmacological agents have a pronounced prolonged action, 
which allows them to be harmoniously included in the milking 
process. The average duration of using the products is about 7 
days, when applied 2 times a day, immediately after milking. 
The prolonged action lasts for 3–4 weeks after the end of their 
application without changing the milking regime of cows.

In particular, when using organosilicon-zinc glycerohydro-
gel before the start of treatment, nipples with a physiological 
reaction were not observed, 14 days after the end of application 
of the product, their number was 58.4 %. At the same time, the 
number of quarters with a complicated form of hyperkeratosis 
decreased 5.1 times (fig. 3).

Ultrasound studies of the condition of the nipple canal with 
the determination of hyperechoic deposits of keratin in its lu-
men showed a significant decrease in the volume of the affected 
tissues in the lumen of the nipple canal. The above sonograms 
show a decrease in the echogenicity of the nipple canal tissues, 
which before treatment are represented by hyperechoic over-
lays on the mucous membrane and a funnel-shaped expansion 
in the projection of the nipple canal opening. 2 weeks after the 
end of the application of the agent, the damaged tissues are 
completely restored, the stratum corneum of the epithelium is 
rejected, which is confirmed by the absence of hyperechoic 
formations in the area of the external opening of the nipple 
canal during ultrasound examination.

Fig. 2. The effectiveness of treatment of cows using a composition containing CO2-extract of calendula and silicon glycerolates
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In connection with the revealed clinical efficacy of the in-
vestigated agents, a liquid pharmaceutical composition based 
on silicon dimethylglycerolates was proposed with the follow-
ing composition: silicon dimethylglycerolate – 5 %; silicon 
glycerolate – 1 %; boron glycerolate – 1 %; zinc glycerolate – 
1 %; glycerin – 16.65 %; xanthan gum 0.35 %; water – the rest 
is up to 100 %.

This agent was applied daily after each milking to the teats 
of the udders of cows for 4 weeks using an udder cup. The 
results showed that the level of complicated hyperkeratosis 
decreased 2 times, uncomplicated hyperkeratosis – 2.5 times 
relative to the initial data, while the number of udder quarters 
with a negative reaction with a rapid mastitis test increased 2 
times, which showed its high preventive effectiveness (fig. 4).

Also, the approbation of the developed means was carried 
out in the treatment of purulent-necrotic lesions of the hooves 
in cows. Antimicrobial composition based on “Silativit” of 
the following composition: pefloxacin – 1.00 wt %; metroni-
dazole – 1.00 wt %; chlorhexidine bigluconate – 0.05 wt %; 
“Silativit” – the rest, was applied directly to the affected area, 
injected into the cavities of the defects once every 3 days, 
followed by fixation with a cotton-gauze bandage. The use 

of drugs was stopped after the completion of the process of 
primary tissue organization (primary repair), normalization of 
the natural position of the limbs, and the absence of lameness. 
The course of treatment ranged from 9 to 15 procedures, on 
average 12 (39 days), in the control group – on average 15 
procedures (45 days).

We also studied the effectiveness of a liquid composition 
based on silicon dimethylglycerolates containing silicon and 
boron glycerolates for the treatment of purulent and purulent-
necrotic processes in small pets. Our studies on the basis of 
the Animal Rehabilitation Center of the Ural State Agrarian 
University have shown that the use of this agent promotes 
accelerated tissue regeneration and has a pronounced anti-
inflammatory effect. The agent was applied once a day until a 
positive effect was obtained, on average about 7 days. When 
treating a wound in the neck from an ingrown collar, after 6 
days of using the agent, complete closure of the wound defect 
is noted (fig. 5). When the agent was applied in the area of 
tissue necrosis in the suture area after surgery to remove mam-
mary gland tumors in a dog, after 8 days of using the agent 
there was noted an active process of wound regeneration and 
epithelialization (fig. 6).

Fig. 3. Condition of udder teats when using Se-Zn-organic glycerohydrogel

Fig. 4. The spread of latent mastitis when using the developed prophylactic agent
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Discussion and Conclusion
Thus, we can conclude that the development of new agents 

and compositions based on organosilicon glycerohydrogels is 
a promising direction, which is associated with a wide range 
of possibilities for their use in veterinary practice. These funds 
have therapeutic and prophylactic activity when used in their 
pure form, as well as when used as active bases of pharmaco-
logical compositions. The problems of using various compo-

  А                            В   С
Fig. 5. Wound in the neck from an ingrown collar: A – before using the product (wound 12 × 2 cm);

 B – 4 days after starting to use the product (wound 4 × 1 cm); С – 6 days after the start of application of the product (wound 2 × 0.5 cm)

  А     В   С
Fig. 6. Necrosis in the suture area after surgery to remove breast tumors in a dog: 

A – before using the agent, B – after 4 days of using the agent, C – after 8 days of using the agent

sitions in pathological processes in small domestic animals, 
as well as in the treatment and prevention of inflammatory 
diseases of the distal limb in animals, remain poorly studied. 
Based on the results of the work carried out at the Department 
of Surgery, Obstetrics and Microbiology, were defended 6 dis-
sertations, including 2 doctoral dissertations, were received 
6 RF patents for inventions.
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