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ABSTRACT

Cow’s milk quality, which may deteriorate due to inflammatory processes in the mammary glands, remains one of the important problems of dairy farming and
requires effective, safe and affordable therapeutic agents. Nanocomposite silicon-zinc-boron-containing glycerohydrogel (Si-Zn-B-gel) may become a very good
solution to the issue. The paper demonstrates wound-healing effect of the glycerohydrogel and confirms its effectiveness for teat hyperkeratosis treatment in
dairy cows. Results of a rat-burn model — based experiment suggest that Si-Zn-B-gel is a promising wound healing agent for topical use. Thus, on Day 9 complete
re-epithelialization of the burn surface was observed, with fibrous structures prevailing in the granulation tissue of the dermal layer, on Day 19 a mature scar was
formed with a longitudinal alignment of collagen fibers. The production tests conducted in high producing dairy cows have demonstrated good therapeutic effect of
the Si-Zn-B gel for teat-end hyperkeratosis and confirmed its long-term effect, which helps to longer maintain the results achieved during treatment. After a 7-day
treatment physiological structure of up to 27.8% teats improved, on Day 14 of the experiment, no severe hyperkeratotic lesions were observed and the number
of teats that correspond to the physiological norm was 72.2%. Analysis of the data collected shows that the Si-Zn-B-gel is effective for teat-end hyperkeratosis
treatment, thus, it prevents mastitis in animals and improves the milk quality.
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PE3IOME

Kauecto nonyyaemoro KopoBbero MonoKa, CHUKHOLLEeCs MPEX/ie BCEro 3a CYeT HaNnums Y XMBOTHbIX BOCTANUTENbHBIX MPOLIECCOB B MOJIOUHOI Xenese,
0CTaeTCA 0AHON M3 BaXHbIX IPO6NEM MONOYHOT0 KMBOTHOBOACTBA, UTO TpebyeT pa3paboTKu BbICOKOIDHEKTUBHDIX, 6e30MacHbIX 1 JOCTYMHbIX TepaneBTUYECKIUX
CPeACTB. bonbLUm noTeHLManom AnA peLueHra JaHHOro BOoNpoca 06nafaeT HaHOKOMMO3UTHbIIA KpeMHUiALMHKOOpCoAepaLLmii ruueporuaporens (Si-Zn-B-
renb). B pabote npezcTaBneHbl AaHHble, NOATBEPXAAIOLLME HANNYME PaHO3AXKNBNAIOLLEN AKTUBHOCTY FNLEPOrnAporens  3¢¢eKTUBHOCTb ero MConb30BaHuA
B CXeMaXx leyeHus runepKepaTo3a CoCKOB MOJIOYHOIA Xene3bl KOPOB. Pe3ynbTaTbl MCCNe0BaHMA, NPOBEAEHHOTO Ha KCMIEPUMEHTaNbHOI MOAENM TepMUYECKOro
0’K0ra KOXM KpblC, CBUAETENbCTBYKT 0 TOM, uTo Si-Zn-B-renb ABNAETCA NepcneKTUBHBIM PaHO3XMBNAKLMM CPEACTBOM ANA MeCTHOTO NpuMeHeHua. Tak,
Ha 9-e cyT Obina 3adUKCMPOBAHA NONHAA INUTENN3ALLNA 0XKOTOBOI MOBEPXHOCTH, NPU TOM B FPaHYNALMOHHOI TKaHW AePMaNbHOro (oA Ko npeobnagany
BOJOKHUCTbIE CTPYKTYPbI, K 19-M CyT hopMupoBanca 3penbiii pybeLs c pogonbHO OpUEHTUPOBAHHBIMM KOJTIareHOBbIMY BOJIOKHaMMU. [TpoBefieHHble NPOu3BOA-
CTBEHHbIE UCCNIe[J0BaHNA Ha BLICOKOMPOAYKTUBHbIX KOPOBaX N0Ka3anu TepaneBTyeckyto 3pdeKTUBHOCTb NpumeHeHna Si-Zn-B-rend B nieyeHun runepkepatosa
COCKOB Y KOPOB U HaNMYWe NPONOHTUPOBAHHOTO AEVCTBIA, YTO YBENMUMBAET CPOKY Pe3yNbTaTUBHOCTA NPOBeeHHOI Tepanuu. Yepe3 7 fHeil neyeHus ycTaHoBNEHO
yBENNYeHIe KONNYECTBA COCKOB C PU3MONOTNYeCKOIl CTPYKTYPOIl 40 27,8%, Ha 14-e CyT nocie OMbITHOTO Nepuoza 3ahuKCMpoBany OTCYTCTBIE NOPaXKeHHiA COCKOB
TAXeNoi Gopmoii runepkepatosa, npu SToM KONMYECTBO COCKOB, COOTBETCTBYIOLLMX (1U31MONOTHYECKOI HOPME, COCTABMNO 72,2%. AHaNu3 aHHDIX, NONYYeHHbIX
B pe3ynbTaTe UCCIef0BaHMiA, OKa3bIBAET, uTo NpuMeHeHue Si-Zn-B-rens no3sonset npou3BoauTb IOPeKTUBHOE NeueHie runepKepaTo3a CockoB MOJIOUHOIA xe-
Ne3bl, TeM CaMblM 0becrieunBatb NPOYUNAKTUKY MACTITA Y XKUBOTHBIX 1 MOBBILLATb KAUeCTBO NOJTY4aeMOro MOJOKa.

KnioueBbie crioBa: KpemMHuiiLIMHK60pCoaepxaLLuii ruweporugporens, 10%-a METUYpaLMI0Bas Ma3b, PAHO3AXXMBAAIOLLAA aKTUBHOCTb, PONOHTIPOBAHH0E
LelicTBIe, BbICOKOMPOZYKTUBHbIE KOPOBbI, MONOYHAA XeNe3a, MacTUT, TnepKepaTo3 COCKOB, KauecTBo MOMOKa
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INTRODUCTION

Production of high quality and competitive dairy
products is a top priority for the Russian Federation.
The solution to the task is a matter of special importance
for the national economy, when health promotion im-
proves the quality of life and maximizes competitive
advantages of producers and regions and ensures food
security [1, 2, 3, 4]. Today, our country is one of the world’s
largest producers of milk and dairy products. It is now
ranked number four in the world, at the same time quality
improvement remains one of the primary tasks of the do-
mestic livestock industry [3, 51. The mammary gland of
high producing dairy cows becomes overactive during
lactation, which may result in such diseases as mastitis that
affects milk production, safety and quality [1, 3, 6, 7, 8].

Teat-end hyperkeratosis is a risk factor for clinical
mastitis in cows as it disrupts the teat canal barrier func-
tion, thus, significantly increasing the risk of penetration
of opportunistic and pathogenic microflora into the
mammary gland resulting in its damage and inflamma-
tion [5,9,10, 11, 12, 13, 14]. The current regimens imple-
mented worldwide to treat and prevent diseases of mam-
mary glands in animals offer a wide variety of medicinal
products containing cosmetic, antiseptic, probiotic and
emollient components, however, the agricultural holdings
with milk yield more than 8000 kg per cow, see no stable
or long-lasting positive effect of these therapeutic mea-
sures [7, 11, 15]. Therefore, modern practical science shall
search for new, more effective approaches to treat teat-
end hyperkeratosis and prevent mastitis in cows [7, 11].

Nanocomposite silicon-zinc-boron-containing glycero-
hydrogel (Si-Zn-B-gel), developed by I. Ya. Postovsky In-
stitute of Organic Synthesis, Ural Branch of Russian Aca-
demy of Sciences [16], may become a very good solution
to the issue.

The gel chemical formulais:

35i(C,H,0,), X ZnC,H,0, x 2HB(C,H,0,), X 15C,H,0, X 70H,0.

3 7734 376372

At the molecular level, the developed substance
contains silicon, zinc and boron atoms, has a gel-like con-
sistency and pronounced wound-healing, regenerating,
antibacterial and fungicidal effect [16, 17]. Consequently,
it is an urgent task to study its therapeutic effectiveness
for treatment of teat-end hyperkeratosis in cows and to
confirm its prolonged effect.

The goal of the experiment is to study effectiveness of
the Si-Zn-B-gel for treatment of teat-end hyperkeratosis
in high producing dairy cows.

The following tasks need to be addressed to achieve
this goal.

1. Evaluate specific wound-healing effect of Si-Zn-B-gel
in comparison with 10% methyluracyl ointment using a rat
thermal burn model.

2. Study clinical efficacy of the developed glycero-
hydrogel in comparison with 10% methyluracyl ointment in
experimental groups of cows with teat-end hyperkeratosis.

MATERIALS AND METHODS

The experiment involved white mongrel rats at the age of
10 weeks; high producing black-and-white cows at the age
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of 4-6 lactation with an average annual milk yield per cow
of more than 8000 kg.

Preclinical experiments were carried out using an experi-
mental rat thermal burn model to evaluate the specific
wound-healing effect of the Si-Zn-B-gel in comparison
with 10% methyluracyl ointment. ll-llla degree thermal
burns were caused by heated metal devices (at a tempera-
ture of 98-100 °C) applied directly to the skin of an indi-
vidual for 40 seconds [18]. The treatment course was as-
sessed at the final stage of the wound healing and was
characterized by primary intention resulting from the use
of Si-Zn-B-gel (19 days). During this period, healing was
reported in three groups of rats: control group - a burn
without treatment; Experimental Group 1 -a burn treated
with 10% methyluracyl ointment; Experimental Group 2 -
a burn treated with Si-Zn-B-gel. The number of animals in
each group was 10.

All tests in animals were carried out in strict compliance
with intergovernmental standards on laboratory animal
keeping and handling adopted by the Intergovernmental
Council for Standardization, Metrology and Certification
as well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of the European
Union of 22 September 2010 on the protection of animals
used for scientific purposes.

Histomorphological tests were carried out to confirm
the wound healing effect. Pieces of burn-affected skin
from experimental rats were used as the biomaterial. At
the first stage, the material was fixed in a 10% buffered
formalin. The material was then dehydrated and soaked
in the embedding medium. Paraffin medium “Histomix”
(LLC “BioVitrum”, Russia) was used for subsequent three-
time soaking and embedding the material. Next, rotary
microtome Leica RM 2255 (Leica Microsystems, Germany)
was used to prepare 6 um-thin sections of paraffin-embed-
ded specimen. The micro-preparations were stained with
hematoxylin and eosin and using Weigert - Van Gieson
stain method. Histological changes were photographed
on a“Micros” microscope (Austria).

Field trials. The clinical efficacy of glycerohydrogel was
assessed on a farm of the Sysertsky Raion of the Sverdlovsk
Oblast. For this purpose, two groups of cows (9 animals in
each) were formed. All the animals were diagnosed with
teat-end hyperkeratosis of different levels. The experimen-
tal animals were treated with Si-Zn-B-gel applied to the teats
2 times a day for 7 days. The control group was treated with
10% methyluracil ointment following the same scheme.

Conventional methods were used to clinically test
the teat-ends [19]. The level of teat-end hyperkeratosis was
assessed using an upgraded diagnostic scale, represented
by a panel of 18 photographs [9]. The mammary gland
was tested for clinical mastitis by palpation and strip-cup

Table 1
Dynamics of rat skin regeneration in a thermal burn

Group of animals

test, subclinical mastitis was diagnosed using rapid test
Keno™test (CID LINES, Belgium).

Ultrasound scanning of the mammary glands was
performed using the veterinary ultrasound scan-
ner Ecoson 900V (West Medica Produktions- und
Handels-GmbH, Austria). Two types of multi-frequency
transducers (convex and linear) were used to test mamma-
ry gland parenchyma of cows. The teat cistern was exam-
ined with a 7.5 MHz linear scanner. Scanning in segmen-
tal and frontal planes was used. Teat-end condition was
assessed using a plastic teat dip cup with a water buffer
(water 38 °C) and a multi-frequency probe attached to it.
The resulting echograms were processed using software
provided by an ultrasound scanner [5, 20].

The milk was centrifuged in order to remove blood,
if detected. To do this, a pooled sample of the residual
milk (40-50 mL) was put into a plastic container, then hea-
ted up to 20-22 °C; after that 5-7 mL of milk was poured into
the test tube and centrifuged for 10 minutes at 1000 rpm.
A red ring sediment at the bottom of the tube suggested
there was blood in the tested milk. The milk quality was tes-
ted using “Lactan 1-4 M" analyzer (Sibagropribor, Russia).

RESULTS AND DISCUSSION

The preclinical trials carried out to assess the specific
wound healing effect on the experimental rat-burn model
revealed that the percentage of incomplete healing asso-
ciated with the application of Si-Zn-B-gel and 10% methyl-
uracyl ointment was 0.12 and 3%, respectively. Thus, it
demonstrates good prospects for the gel use. Following
application of the soft dosage forms, in addition to the
accelerated healing of the damaged skin, tissue crusts
were formed on Day 3 of treatment. Complete crust
detachment was observed on Day 9 and hair regrowth
together with primary intention was observed on the
new tissue at the end of the experimental application of
Si-Zn-B-gel (Table 1).

Additionally, histomorphological tests were performed
to study the wound healing effect, the test results are gi-
ven in Figures 1-5. Necrotic epidermis with lymphocytic
infiltration was found in the control group (that received
no treatment) on Day 9 post the thermal burn. Granula-
tion tissue (represented by functionally active fibroblasts
and forming sinusoidal capillaries) was formed in the un-
derlying dermis. The tissue was diffusely infiltrated with
lymphoid elements (Fig. 1).

Weigert and Van Gieson stain method demonstrated
that the scar area had collagen fibers of different maturity
and different diameter, while the elastic fibers were iden-
tical (Fig. 2a). On Day 19 of the experiment, re-epitheliza-
tion of the largest part of the skin defect was observed.
The dermal scar was represented by functionally active

9% incomplete healing

Control 40 % 20 mm 35X 18 mm 20 < 10 mm 25
(800 mm?) (630 mm?) (200 mm?)
Experimental 1 40 % 20 mm 25X 12mm 7X3mm 3
p (800 mm?) (300 mm?) (21 mm?)
. 40 % 20 mm 13X 6mm 3x0.3mm
Experimental 2 (800 mm?) (78 mm?) (0.9 mm?) 0.12
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Fig. 1. Epidermis on Day 9 of the experiment (without treatment):

a) thermal burn on rat skin; stained with hematoxylin and eosin, magnification 100x;
b) granulation tissue formed after the burn;

stained with hematoxylin and eosin, magnification 200x

Fig. 2. Control group (without treatment):

a) collagen fibers formed in granulation tissue on Day 9 of the experiment;

Weigert and Van Gieson stain, magnification 400x%;

b) forming dermal scar in the projection of the thermal burn on Day 19 of the experiment;
stained with hematoxylin and eosin, magnification 100x

Fig. 3. Experimental Group 1 (10% methyluracyl ointment used for treatment) on Day 9 of the experiment:
a) a scar forming in the dermal layer in the projection of a thermal burn;

stained with hematoxylin and eosin, magnification of 100x;

b) scar of the dermal layer in the projection of a thermal burn;

Weigert and Van Gieson staining, magnification 100x

fibroblasts formed by randomly oriented collagen fibers.  is represented mainly by fibroblast cells formed by colla-
There were sporadic vessels, lymphoid infiltration was  gen fibers and sinusoidal vessels. Lymphoid infiltration was
minimal (Fig. 2b). minimal (Fig. 3a). Weigert and Van Gieson stain method

On Day 9 of the experiment Experimental Group 1, demonstrated that the scar area was represented by col-
where methyluracil was applied topically, demonstrated  lagen fibers of different maturity degree and different
complete re-epithalization of the defect. The dermal scar  diameter. Elastic fibers were sporadic (Fig. 3b).
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On Day 19 after exposure, the group that was treated
with 10% methyluracyl ointment demonstrated com-
plete re-epithelization of the defect, acanthosis foci were
reported with simultaneous formation of keratinous cysts.
A dermal scar was formed with collagen fibers. Angiomato-
sis was sporadic, vessels — with collapsed walls. Lymphoid
elements in the area of the scar were sporadic (Fig. 4a).
Weigert and Van Gieson stain method demonstrated that
the scar area in the dermal layer had mature dense colla-
gen fibers similar in diameter (Fig. 4b).

On Day 9 of the experiment, Experimental Group 2, that
received Si-Zn-B-gel treatment, demonstrated complete
re-epithelization of the defect in the burn area. Granula-
tion tissue was formed in the dermal layer from function-
ally active fibroblasts, sinusoidal capillaries, infiltrated with
lymphoid elements (Fig. 5a). On Day 19 of the experiment,
a mature scar was formed with a longitudinal alignment
of collagen fibers; complete re-epithelization of the de-
fect was observed with a fibrous scar in the dermal lay-
er (Fig. 5b).

Thus, on Day 9 of the experiment, the control group
(received no treatment) demonstrated longer burn heal-
ing with signs of exudative inflammation. On Day 19, the
exudation phase was followed by the proliferation phase
characterized by regeneration and replacement of the da-
maged tissues due to the influx of fibrinogen molecules to
the defect region resulting in fibrin formation. At the same

time, functionally active fibroblasts and mature randomly
oriented collagen fibers form scar tissue, which becomes
a dermal scar on Day 19 of the experiment.

In Experimental Group 1, where 10% methyluracyl oint-
ment was topically applied, on Day 9 of the experiment
complete re-epithelialization and dermal scar formation
were observed, represented mainly by granulation tissue
infiltrated by lymphocytes and granulocytes. By Day 19,
the epidermis in the defect area got thicker; the scar tissue
was formed mainly with collagen fibers and granulation
tissue.

In Experimental Group 2, where Si-Zn-B-gel was used,
on Day 9 of the experiment, the burn wounds fully re-
epithelized, with fibrous structures prevailing in the gra-
nulation tissue of dermis, and on Day 19 a mature scar
with longitudinally oriented collagen fibers was formed.
The results of burn treatment with 10% methyluracyl oint-
ment (Fig. 3a) and Si-Zn-B-gel (Fig. 5a) compared on Day 9,
demonstrate that the developed hydrogel effectively trig-
gers granulation process resulting in formation of young
connective tissue, which stimulates the healing process;
whereas, application of methyluracil immediately leads
to scarring.

Experiments conducted in high producing dairy cows
to study effectiveness of Si-Zn-B-gel for teat-end hyperkera-
tosis treatment showed a decrease in the number of ud-
der quarters with pronounced changes in the teat ends.

Fig. 4. Experimental group 1 (10% methyluracyl ointment used for treatment) on Day 19 of the experiment:

a) scar of the dermal layer in the projection of the thermal burn;
staining with hematoxylin and eosin, magnification of 100x;

b) scar of the dermal layer; Weigert and Van Gieson staining, magnification 100x

Fig. 5. Experimental Group 2 (treatment with Si-Zn-B-gel):
a) burn area on Day 9 of the experiment; staining with hematoxylin and eosin, magnification 100%;
b) fibrous scar in the dermal layer on Day 19 of the experiment; Weigert and Van Gieson staining,

magnification of 200x
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At the end of the experimental period (which took 7 days),
the group of animals who received the hydrogel demon-
strated regeneration of the teat-end epidermis, the num-
ber of teat-ends with a physiologically normal structure in-
creased to 27.8%. On Day 14 after application of Si-Zn-B-gel,
no severe hyperkeratosis-associated lesions of teat-ends
were reported, at the same time the number of physio-
logically normal teat-ends grew up to 72.2%. On Day 21
after the end of the experiment, a diagnostic test for hy-
perkeratosis revealed that teat-end condition remained at
the achieved level with a tendency to improve (Fig. 6a).
The experiment results showed that the number of
teat-ends with radial cracks decreased by 2.7 times in the
control group treated with 10% methyluracyl ointment,
and physiologically normal teat-ends accounted for 38.9%.
On Day 14 after the treatment period with 10% methyl-
uracyl ointment, no complications in animals were detec-
ted following and the number of physiologically normal
teat-ends accounted for 84.1%. The teat-end examination
done after the treatment course (on Day 21 after the end
of the treatment) reflected a deterioration, which is most

likely caused by the negative factors of milking process
and animal husbandry. Thus, the number of healthy teat-
ends decreased by 15.5%, and the number of teat-ends
with hyperkeratosis increased by 2 times — up to 31.4%
(Fig. 6b). While the experimental group of animals kept
under the same conditions showed improvement of the
teat-ends condition, so, the number of teat-ends with
hyperkeratosis decreased to 13.9%, and the number of
physiologically normal teat-ends accounted for 86.1%.
These changes may suggest Si-Zn-B-gel has a more a pro-
longed effect and is more effective in comparison with
10% methyluracyl ointment.

Diameter of teat-end callosities measured during
the experiment suggests that both medicines gradually
reduce the callosity size. In the experimental and control
groups the mean callosity diameter decreased by 1.6 times.
Therefore, at the beginning and at the end of the experi-
ment, the callosity size in the experimental group was 7.8
and 4.8 mm, respectively, in the control group at the be-
ginning of the experiment the mean diameter was 7.9 mm,
by the end of the experiment it decreased to 4.9 mm.

% %
100 90 78 84.1
i s : 68.6
80 72.2 70 :
70 66.7
583 60 52.8
o >0 389
50 -
40 314
40 333
278 278 30 222
30 20 15.9
20 13. 13.9 0 8.3
10 0.0 4.5 0.0 . 0 0.0 0.0. 0.0
0
Before the On Day 7 On Day 14 On Day 21 Bef01ie thet OnDay7  OnDayl4  OnDay 2l
experiment experimen
m Complicated hyperkeratosis ® Complicated hyperkeratosis
m Hyperkeratosis m Hyperkeratosis
Physilogical response Physiological response

Fig. 6. Results of the cows’ teats examination during the treatment process:
a) experimental group — use of Si-Zn-B-gel; b) control group — use of 10% methyluracyl ointment

Fig. 7. Ultrasound examination of the teat canal: a) before the use of Si-Zn-B-gel; b) after the use of Si-Zn-B-gel;
¢) on Day 7 after the use; d) on Day 14 after the use
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Fig. 8. Mastitis incidence rate during the treatment:
a) experimental group — use of Si-Zn-B-gel; b) control group - use of 10% methyluracyl ointment
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Ultrasound examination detected changes in the teat
canals associated with a decrease in the volume of the af-
fected tissue around the external teat orifice, as it can be
seen in hyperechoic tissue in the picture; with the final
recovery on Day 14 after the therapy (Fig. 7).

The condition of the mammary gland was assessed
by examining each quarter of the udder for clinical and
subclinical mastitis. As a result, latent inflammation
(strongly positive and positive response) was reported
in 61.1% of quarters. At the end of the experimental pe-
riod, the number of quarters with a questionable and
negative response to subclinical mastitis increased by
8.3 and 12.6%, respectively. There was a 16.7% decrease
in positive response to latent mastitis, at the same time,
there was a slight (2.7%) increase in clinical mastitis,
which most likely results from faulty milking techniques
and had nothing to do with the effectiveness of the de-
veloped glycerohydrogel (Fig. 8a). In the control group,
the proportion of diagnosed clinical mastitis before and
after the therapy was 5.6%, however, there was a decrease
in the number of udder quarters with questionable and
negative response to subclinical mastitis by 5.6 and 11.1%,
respectively (Fig. 8b).

At the beginning of the experiment, 33% of milk
samples from the animals of the experimental group had
a weakly positive reaction to blood impurities, whereas

Table 2
Milk quality assessment in experimental and control groups

all milk samples from the control group gave a negative
result. At the end of the experimental period, milk samples
from the cows of the experimental group showed a nega-
tive result, one positive result was detected in the control
group.

Estimating solids-not-fat, protein, fat and density in
milk from animals of both groups revealed no significant
differences between the groups (Table 2).

CONCLUSION

Evaluation of the specific wound-healing effect of the
two medicines showed that by the end of the experiment,
the group of rats that received Si-Zn-B-gel to treat thermal
burn had a mature scar with longitudinally oriented col-
lagen fibers, and the group of animals treated with 10%
methyluracyl ointment (applied topically) demonstrated
thickening of the epidermis and the scar tissue included
collagen fibers and foci of granulation tissue. The overall
duration of the treatment in both experimental groups
was the same (the same number of days); however, the
use of Si-Zn-B-gel resulted in improved morphostructur-
al indicators, which offers great potential for the product
application.

The data obtained for cows treated with Si-Zn-B-gel
confirm its therapeutic efficacy. Thus, there was an in-
crease in the number of udder quarters not affected

Group of animals Protein, % Solids-not-fat, % Density,°A
Control 468+3.10 3.02+049 7.90+£1.23 26.25+6.03
Experimental group 3.95+3.14 3.05+0.40 7.99+0.83 27.16 £5.03

P <0.05.
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by the inflammatory process; an increase in the number
of teats without hyperkeratosis; the teat-end callosity
diameter decreased. The newly developed product had
a positive effect on the tissues of the teat-ends of cows, as
confirmed by the ultrasound examination, which showed
a decrease in the volume of the affected tissue around
the external teat orifice.

A comparative assessment of the Si-Zn-B-gel and
10% methyluracyl ointment revealed the prolonged
action of the former resulting from its longer therapeu-
tic effect. Thus, there was a decrease in the diagnosed
teat-end hyperkeratosis in the experimental group
during the whole observation period, however, in the
control group, first, there was a decrease in the number
of animals with teat-end hyperkeratosis, and then fol-
lowed by an increase. Similar data were received when
diagnosing latent inflammatory diseases in the bovine
mammary glands. The results obtained show effective-
ness of the developed Si-Zn-B-gel due to its pronounced
wound-healing, regenerating, antibacterial, fungicidal
activity and prolonged action, which makes it possible
to recommend it as a medicine to treat teat-end diseases
in lactating cows.

REFERENCES

1.Donnik|. M., Shkuratova . A, Isaeva A. G., Beykin Ya. B.,
Yakubenko E. V. Evaluation of immunestatus of cows de-
pending on productivity, season, physiological state and
genotype. Veterinaria Kubani. 2013; 1: 5-7. EDN: PVOQET.
(in Russ.)

2. Konopeltsev I. G. Zabolevaemost’ korov mastitom
v usloviyakh sel’khozpredpriyatii Kirovskoi oblasti =
Incidence rate of mastitis in cows in agricultural hold-
ings of Kirov Oblast. Innovatsii i dostizheniya v sel'skom
khozyaistve: materialy Il Vserossiiskoi (natsional’noi)
nauchno-prakticheskoi konferentsii (22 dekabrya 2020 g.) =
Innovations and achievements in agriculture: Materials of
the Il All-Russian (national) Scientific and Practical Confe-
rence (December 22, 2020). Kirov: FSBEI HE Vyatka SAA;
2020; 30-36. EDN: CZYYRT. (in Russ.)

3. Tarasenko M. N. Improving methods of mastitis pre-
vention in high producing dairy cows: Thesis for degree
of Cand. Sci. (Veterinary Medicine). Ekaterinburg; 2016.
172 p. EDN: WOQLYH. (in Russ.)

4. Ushvitskiy L. I., Didenko E. S. Problems of food in-
dependence of Russia in the dairy industry. Newsletter
of North-Caucasus Federal University. 2023; (3): 171-177.
DOI: 10.37493/2307-907X.2023.3.19. (in Russ.)

5. Barashkin M. I, Loretz O. G., Barkova A. S., Ele-
sin A. V., Shurmanova E. |, Milstein I. M. Hyperkeratosis
of nipples in cows during industrial milk production.
Veterinaria i kormlenie. 2018; 2: 13-16. DOI: 10.30917/
ATT-VK-1814-9588-2018-2-3. (in Russ.)

6. Klimov N. T., Zimnikov V. ., Sashnina L. Yu., Morgu-
novaV. I, Adodina M. I. Blood content of proinflammatory
cytokines and indicators of the immune status of cows
with subclinical mastitis. Bulletin of veterinary pharma-
cology. 2020; 1 (10): 181-189. DOI: 10.17238/issn2541-
8203.2020.1.181.

7. Pantoja J. C. F, Correia L. B. N, Rossi R. S., Latosin-
ski G. S. Association between teat-end hyperkeratosis
and mastitis in dairy cows: a systematic review. Journal
of Dairy Science. 2020; 103 (2): 1843-1855. DOI: 10.3168/
jds.2019-16811.

8. Vierbauch T., Peinhopf-Petz W., Wittek T. Effects of
milking, over-milking and vacuum levels on front and rear
quarter teats in dairy cows. Journal of Dairy Research. 2021;
88 (4): 396-400. DOI: 10.1017/50022029921000807.

9. Elesin A. V., Barkova A. S. Diseases of udder nipples.
Animal Husbandry of Russia. 2008; 8: 47-48. EDN: JUOFOR.
(in Russ.)

10. Manzhurina O. A., Klimov N. T., Parkhomen-
ko Yu. S., Zimnikov V. I, Perepelkina I. S., Semenova E. V.
Milk microflora of clinically healthy and mastitis di-
seased cows. Veterinariya. 2020; 3: 38-40. DOI: 10.30896/
0042-4846.2020.23.3.38-40. (in Russ.)

11. Demba S., Hoffmann G., Ammon C., Rose-Meier-
hofer S. Sensor-based detection of the severity of hyper-
keratosis in the teats of dairy cows. Sensors (Basel). 2018;
18(11):3925. DOI: 10.3390/518113925.

12. Leitner G., Lavon Y., Merin U., Jacoby S., Blum S.,
Krifucks O., Silanikove N. Milk quality and milk transfor-
mation parameters from infected mammary glands de-
pends on the infecting bacteria species. PLoS One. 2019;
14 (7):e0213817.DOI: 10.1371/journal.pone.0213817.

13. Loretts O. G., Barkova A. S., Elesin A.V., KhoninaT. G.,
Shurmanova E. |., Barashkin M. I., Milstein I. M. Dissemina-
tion, etiology, pathogenesis and treatment of cattle teat
diseases in agricultural organizations of the Sverdlovsk
Region of Russian Federation. Research Journal of Phar-
maceutical, Biological and Chemical Sciences. 2018; 9 (5):
1867-1882. EDN: WWTKXK.

14. Stauffer C., Van der Vekens E., Stoffel M. H., Schwei-
zer D., Bruckmaier R. M. Increased teat wall thickness in re-
sponse to machine milking. Journal of Dairy Science. 2021;
104 (8): 9082-9092. DOI: 10.3168/jds.2021-20294.

15. Wieland M., Scholbach T. M., Shirky S., Virkler P. D.,
Nydam D. V., Cheong S. H., Porter I. R. Technical note: De-
velopment and evaluation of a standardized technique to
assess blood perfusion in teats of dairy cows using power
Doppler ultrasonography. Journal of Dairy Science. 2019;
102 (10): 9488-9494. DOI: 10.3168/jds.2019-16670.

16.KhoninaT. G., Chupakhin O.N., Kungurov N.V., Zilber-
berg N.V.,, Evstigneeva N. P, Kokhan M. M., et al. Synthesis
and pharmacological activity of a silicon-zinc-boron-con-
taining glycerohydrogel. Russian Chemical Bulletin, Inter-
national Edition. 2019; 68 (8): 1621-1628. DOI: 10.1007/
s11172-019-2601-5.

17. Khonina T. G., Kungurov N. V., Zilberberg N. V.,
Evstigneeva N. P, Kokhan M. M., Polishchuk A. I, et al.
Structural features and antimicrobial activity of hydrogels
obtained by the sol-gel method from silicon, zinc, and bo-
ron glycerolates. Journal of Sol-Gel Science and Technology.
2020; 95 (3): 682-692. DOI: 10.1007/510971-020-05328-6.

18. Chupakhin O. N., Khonina T. G., Kungurov N. V., Zil-
berberg N.V.,, Evstigneeva N. P, Kokhan M. M., et al. Silicon-
boron-containing glycerohydrogel having wound healing,
regenerative, and antimicrobial activity. Russian Chemi-
cal Bulletin, International Edition. 2017; 66 (3): 558-563.
DOI: 10.1007/s11172-017-1771-2.

19. Parikov V. A., Nezhdanov A. G., Slobodyanik V. I.,
Yurkov V. M. Mastitis of cows. In: Integrated environmen-
tally safe animal health system: methodological recom-
mendations. Moscow: Rosinformagrotech; 2000; 111-132.
EDN: VTKZWR. (in Russ.)

20. Wieland M., Melvin J. M., Virkler P. D., Nydam D. V.,
Heuwieser W. Technical note: Development and evalu-
ation of a standard operating procedure for ultra-

VETERINARY SCIENCE TODAY. 2023; 12 (4): 322-330 | BETEPUHAPUA CETOAHA. 2023; 12 (4): 322-330

329



330

ORIGINAL ARTICLES | BOVINE DISEASES OPUTHAJIbHBIE CTATBY | BONE3HU KPC

sound-based measurements of teat canal dimensions
in dairy cows. Journal of Dairy Science. 2018; 101 (2):
1518-1523. DOI: 10.3168/jds.2017-13326.

Received 11.09.2023
Revised 26.09.2023
Accepted 11.10.2023

INFORMATION ABOUT THE AUTHORS / UHOOPMALLUA 06 ABTOPAX

Lyudmila I. Drozdova, Dr. Sci. (Veterinary Medicine), Professor,
Head of the Department of Morphology and Expertise, Ural State
Agrarian University, Ekaterinburg, Russia;

https://orcid.org/0000-0001-9689-1781, e-mail: drozdova43@mail.ru.

Anna S. Barkova, Dr. Sci. (Veterinary Medicine), Associate
Professor, Head of Department of Production and Quality Expertise
of Agricultural Products, Kaliningrad State Technical University,
Kaliningrad, Russia; https.//orcid.org/0000-0002-2602-6810,

e-mail: barkova.as@mail.ru.

Mariya N. Isakova, Cand. Sci. (Veterinary Medicine), Senior
Researcher, Department of Reproductive Biology and Neonatology,
Ural Federal Agrarian Scientific Research Centre, Ural Branch
of the Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0001-7130-5627,

e-mail: tmaryal05@yandex.ru.

Leonid P. Larionov, Professor, Dr. Sci. (Medicine), Professor of
the Department of Pharmacology and Clinical Pharmacology,
Ural State Medical University of the Ministry of Healthcare of the
Russian Federation, Ekaterinburg, Russia;

e-mail: leonid-larionov@mail.ru.

Vasiliy V. Permikin, Junior Researcher, Technological Laboratory,
I. Ya. Postovsky Institute of Organic Synthesis, Ural Branch of the
Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0002-8821-0920,

e-mail: vasiliy_permikin@mail.ru.

Nikita M. Starikov, Cand. Sci. (Veterinary Medicine), Senior
Researcher, Laboratory of Immunology and Pathobiochemistry,
Ural Federal Agrarian Scientific Research Centre, Ural Branch
of the Russian Academy of Sciences, Ekaterinburg, Russia;

e-mail: info@urnivi.ru.

Tat'yana G. Khonina, Dr. Sci. (Chemisrty), Leading Researcher,
Laboratory of Organic Materials, I. Ya. Postovsky Institute of
Organic Synthesis, Ural Branch of the Russian Academy of Sciences;
Professor of the Department of Soil Science, Agroecology and
Chemistry named after Professor N. A. lvanov, Ural State Agrarian
University, Ekaterinburg, Russia;
https://orcid.org/0000-0002-8746-7046, e-mail: khonina@mail.ru

Lposposa Jliogmuna VMiBaHoBHa, -p BeT. HayK, npodeccop,
3ageaylownin Kabeapoin mopdonornum U IKCNepTU3bl
®OreOY BO Ypanbckuii IAY, r. EkatepuHbypr, Poccus;

https://orcid.org/0000-0001-9689-1781, e-mail: drozdova43@mail.ru.

bapkoea AHHa CepreeBHa, [-p BeT. HayK, AOLEHT,
3aBepyowmin Kadeapor NPon3BOACTBA U IKCMEPTM3bl KauecTBa
cenbckoxo3ancTBeHHoW npoaykuun OrbOY BO «KTIY»,
r. KanvHuHrpag, Poccus; https://orcid.org/0000-0002-2602-6810,
e-mail: barkova.as@mail.ru.

Ncakosa Mapua HukonaesHa, KaHj. BeT. HayK, CTaplimi
HayUHbI COTPYAHUK OTAEeNa penpoayKTUBHOW 6Guonorun v
HeoHaTonorum Or6HY Yp®AHUL YpO PAH, r. EkatepuHbypr,
Poccus; https://orcid.org/0000-0001-7130-5627,

e-mail: tmaryal05@yandex.ru.

JlapnoHos Jleounp MMetpoBuy, npodeccop, A-p Mea.
HayK, npodeccop Kadegpbl Gapmakonornvm v KAMHUYECKON
dbapmakonorun Ore0y BO YIMY Mwun3spgpaBa Poccun,
r. EkatepuHbypr, Poccus; e-mail: leonid-larionov@mail.ru.

Mepmuknu Bacunuit Buktoposuy, mMnagwnn Hay4yHbl
COTPYAHUK TexHonormnyeckon nabopatopun MOC YpO PAH,
r. EkatepuHbypr, Poccus; https://orcid.org/0000-0002-8821-0920,
e-mail: vasiliy_permikin@mail.ru.

CrapukoB Hukmnta Mwuxamnosmu, KaHf. BeT. Hayk,
CTapWmWin Hay4HbI COTPYAHUK nabopaTopum MMMYHONOTMN
1 natobroxumumn OFBHY Yp®AHWULL YpO PAH, r. EkatepuH6ypr,
Poccus; e-mail: info@urnivi.ru.

XoHnunHa TatbsAHa lpuropbeBHa, O-p XUM. HayK, BeayLui
HayuYHbI COTPYAHVK NabopaTopun OpraHNYecKnx MaTepuanos
MOC YpO PAH; npodeccop kadbeppbl nouBoBefeHWUs,
arposKosiornn n Xxummm umeHn npodeccopa H. A. MeaHoBsa
OrbOY BO Ypanbckuii TAY, r. Ekatepunbypr, Poccus;
https://orcid.org/0000-0002-8746-7046, e-mail: khonina@mail.ru.

VETERINARY SCIENCE TODAY. 2023; 12 (4): 322-330 | BETEPUHAPUA CEFOJHA. 2023; 12 (4): 322-330



