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SUBSTANTIATION OF THE FILM-FORMING AGENT
SELECTION IN THE COMPOSITION OF SPRAY WITH
COPPER AND SILVER CITRATE

Topicality. Mastitis continues to be the most common disease of dairy cows. In order to prevent the infection of
the mammary gland in cows, the udders were treated with a suitable disinfectant, by spraying or full immersion in the
preparation.

Aim of this work the choice of a film-forming agent in the composition of copper and silver citrates containing spray
and the effect of the film-forming agent on the quality parameters of the antiseptic agent.

Materials and methods. As the research objects have been selected: film-forming agent: sodium carboxymethyl
cellulose (CMC), macrogol-400, polyquaternium 10. The quantitative content of silver ions in the spray was determined
thiocyanometric measurement. The quantitative content of copper ions, dexpanthenol; potentiometric determination of
pH and statistical analysis of the results was carried out in accordance with the requirements of the S.Ph.U.

Results and discussion. Samples of CMC-containing spray 0.3 %, 0.5 % and 1 % were sticky and formed a thick film
which did not meet the requirements of normative and technical document (NTD) in terms of “Relative density”. The conduct-
ed studies allowed us to conclude thatit is inappropriate to introduce macrogol-400 as a film-forming agent in an amount from
10 % to 20 % into the composition of the combined spray for the veterinary use. Spray obtained with its use form very thin
film, and when applied to the skin is washed out quickly. In addition, the samples do not meet the requirements of the NTD.

Conclusions. It has been established that the optimum film-forming agent in composition of antiseptic spray is
polyquaternium 10 in the amount of 0.5 %, which allowed to obtain a film with predictable properties, and the prepara-
tion itself meets the requirements of the design developed by the normative and technical documentation for all indica-
tors of quality.
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7K. M. Ilos10Ba, JI. I. AiMaka€eBa

O6rpyHTYBaHHS BUOOPY IUIIBKOYTBOPIOBAYa y CKJIaAi CIIpelo 3 [UTpaTaMu Mii Ta cpi6ia

AKTya/bHicTb. MacTUT BesIMKOi poraToi Xy/j06H1 MPO0BXKYE 3aIMLIAaTHCA HAaHGIIbII MOUIMPEHUM 3aXBOPIOBaH-
HSIM MOJIOYHHUX KOPiB. 3 MeTo10 npodisakTUKK iHiKyBaHHS MOJIOYHOI 321031 Yy KOPiB AiHKU BUMEHI 06pO6/ISAIOTh Mij-
XOAAIMM Jle3iHpeKTaHTOM ILIAXOM OGMPHUCKYBaHHS ab0 MOBHOTO 3aHYpEeHHs B 3aci0.

MeTa po60TH. OOGrpyHTYBaHHS BUOOPY IJIIBKOYTBOPIOBAYa y CKJIA/li CIIpero 3 LUTpaTaMU Mijii Ta cpibJia i BIUIMB
IUIIBKOYTBOPIOBaya Ha MOKa3HUKHU SKOCTi aHTHCENTUYHOTO 3ac00y.

Marepiaim Ta MeToAM. SIK 06'€KTH LOC/IPKeHHS 00paHi HaTpit0 Kap6okcuMeTuestos03a (KMII), makporosi-400 Ta
noJiikBatepHiyMm 10. KinbkicHuit BMicT ioHIB cpi6.Jia BU3Havauu TioljiaHoMeTpru4Ho. KisibKicHUI BMiCT i0HIB Mifj, lekcrnaHTe-
HOJTY, IOTEeHIioMeTpUYHe BU3Ha4eHHA pH Ta craTucTHYHY 06pOo6KY pe3y/IbTaTiB MPOBOAMIIH 3TiHO 3 MeToAuKo JJDY (2.0).

Pe3ysibTaTH Ta iX 06roBopeHHs. /locipkeHHs oKa3aJsy, 1o Bukopucranisa KML] B konnenTpauii 0,3 % 103B0-
Jisl€ OTPUMATH cipeii 3 pH 2,16 3 40MyCTUMHUM piBHEM KiJIbKICHOTO BMICTY /1il04MX Pe4OBHH, IKMUH yTBOPIOE Ay>Ke TOHKY
IJIiBKY, 1110 He 33/10BOJIbHSIE Nepe16a4yBaHUM XapaKTeprucTUKaM. TakoX poBeeHi A0C/iPKeHHS [J03BOJIMJIN 3pOOUTH
BUCHOBOK PO HeJIOLJIbHICTb BBEJIEHHS 10 CKJIa/ly KOMGiHOBaHOro crpeto Makporosy-400 B kinbkocTi Bijg 10 % g0
20 %. Cnpei, oTpuMaHi 3 HOro BAKOPUCTAaHHAM, DY HaHECEHHI Ha IIKipy yTBOPIOIOTH Jly>e TOHKY ILJIIBKY, IKa IUBUJKO
3MUuBa€eTbcsA. KpiM Toro, 3pasku He BianosigaioTh BuMoraMm HT/l 3a nokazHukoM «BifiHoCHa rycTHHa». BukopuctaHHsa
noJiikBaTepHiyMy-10 3 koHeHTpanieo 0,2 % yTBOPIOE Jiy»e TOHKY 3aXMCHY IJIBKY, a 3 KOHIIeHTPaLli€lo oJIiIKBaTepHi-
yMy-10 1 % ofepKyIoThb I'YCTUH cIpell, SKUH BUCUXA€E Ha LWIKipi, yTBOPIOIOYM HAATO IIJIBHY IIIBKY, KpiM TOrO0, 3pa3ku
LIMX cepili cripeto He BianosigatoTh BUuMoram HT/,.

BucHOBKU. BcTaHOBJIEHO, 1110 ONTUMaJIbHUM IJIIBKOyTBOPIHOBAYEM Y CKJIa/li aHTUCENITUYHOTO CIIPEI0 € NOJiKBa-
TepHiyM-10 y kinbkocTi 0,5 %, 1110 03BOJIMJIO OJlep>KaTH ILIIBKY 3 lepeibauyBaHUMU BJIACTUBOCTSAMY, a caM Ipenapar
BiZiMoBilae BUMoraM npoekTy pospo6seHoro HT/] 3a yciMa mokasHHKaMu SKOCTI.

Karwuoei cnosa: semepunapHull npenapam; cnpell amucenmuyHull; naigekoymeoprosay; midi ma cpibaa yumpam

7K. H. [Tonosa, JI. I. AiMakaeBa

0GocHOBaHUeE BbIGOPA IVIEHKOOGPa30BaTeJIsl B COCTaBe cpes ¢ HUTPAaTOM MeJH U cepeGpa

AKTyanbHOCTb. MacTUT KPYIIHOTO POTaTOro CKOTa MPOJ0JKaeT 0CTaBaThCsl HauboJiee pacIpoCTpaHeHHbIM 3a-
60J1eBaHHEM MOJIOYHBIX KOPOB. C 11eJ1b0 NPoPUIaKTUKY HHPHULMPOBAHHUA MOJIOYHOH >Kejie3bl Y KOPOB COCKY BBIMEHHU
06pabaThIBAIOT NOAXOAAIMM Ae3UHPEKTaHTOM MyTeM ONPbICKMBAHUS HJIH TTOJHOTO MOTPYKEeHHUS B CPe/ICTBO.

Iles1b pa6oThl. 060CHOBaHKE BbIGOpaA MJIEHKOOOPA30BaTeJisi B COCTaBe CHpes ¢ UTpaTaMu MeJu U cepebpa u
BJIMSIHUE IJIEHKOOGpa3oBaTesIsl Ha II0Ka3aTeJd KadyecTBa aHTUCENTUYEeCKOT0 CPe/CTBaA.

MaTtepuasbl U MeTOABI. B kayecTBe 06beKTOB HCC/Ie[0BaHHUSA ObLIN BbIGpaHbI IIEHKOOGpa30BaTen: HaTPU
kap6okcuMeTuiLeoo3a (KMI), makporos-400, u nosnvkBaTepHuyM-10. KosimyecTBeHHOe cojiepKaHre HOHOB ce-
pe6pa onpejesaan THOLMaHOMeTPU4YHO. KosimuecTBeHHOE cofiepXKaHue HOHOB Me/, IeKCIIaHTeHO0J1a, OTEeHLMOMETPH-
yeckoe onpezeseHre pH 1 craTucTuyeckyo o6paboTKy pe3ysbTaTOB IPOBOJUIN cOTJIacHO MeToguk 'Y (2.0).

BiogpapmayesmuyHni docaidxnceHHs:
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Pe3y/nbTaThl M UX 06CYXKAeHHUe. MccnenoBanys oKas3aay, 9To ucrnosb3oBanne KML B konnentpanuu 0,3 % mno3so-
JISieT NoJy4UuTh crpeit ¢ pH 2,16 ¢ onycTUMBIM YPOBHEM KOJIMYECTBEHHOI'O COZIEPXKAHUS IeMCTBYIOIMUX BELECTB, KO-
TOPBIA 06pa3yeT 0OYeHb TOHKYIO IJIEHKY, HEe Y/IOBJIETBOPSIONIYIO IPe/oaraeMbIM XapaKTepuCcTHKaM. Takxe poBe-
JleHHbI€ UCCJIeJOBAHUS T03BOJIMJIM C/leJIaTh BBIBOJ, O HEleJ1eCO06Pa3HOCTH BK/IIOYEHHS B COCTAB KOMGMHHUPOBAaHHOTO
cnpes MakporoJjia-400 B kosimgectBe oT 10 % 10 20 %. Cipewy, nojiy4eHHbIE € ero UCI0Jb30BaHUEM, IPU HAHECEHUH Ha
KOXKy 06pa3yIoT OueHb TOHKYIO IJIEHKY, KOTopasi 6LICTPO cMbIBaeTcsl. KpoMe Toro, 06pasibl He COOTBETCTBYIOT Tpe6o-
BaHuAM HT/l no nokasaresto «OTHOCUTE/IbHAsA MJIOTHOCTb». crlo/ib30BaHMe NOJIMKBaTepHUYMa-10 ¢ KOHLleHTpayuen
0,2 % o6pasyeT o4eHb TOHKYIO 3alIUTHYIO IJIEHKY, @ C KOHLleHTpal el nosukBarepHuyma-10 1 % nosy4aroT rycToi
Crpel, KOTOPBIH BBICHIXAaeT Ha KOXKe, 06pa3ysl CIMLIKOM IVIOTHYIO IJIEHKY, KpOME TOr0, 06pa3Iibl 3TUX CEPUH Cripest He

COOTBETCTBYIOT TpeGoBaHuaM HT/.

BBIBOABI. YCTaHOBJIEHO, YTO ONTHUMa/IbHBIM IIJIEHKOOGPa30BaTe/IeM B COCTaBe aHTHUCENTHYECKOTO CIIpest sIBJIsI-
eTcs nosvkBaTepHuyM 10 B kosmdectBe 0,5 %, YTO MO3BOJIMJIO MOJYYUTD IJIEHKY C KeJJaeMbIMH CBOHCTBAaMH, a CaM
npenapar COOTBETCTBYeT TPe6OBaHUAM NpoekTa pazpaboraHHoro HT/I o BceM nmokasaTeJsisiM KayecTBa.

Katoueesvle ca08a: semepunapHblii npenapam; cnpell ahmucenmu4eckull; nJieHKoob6paszosamess; Medu u cepebpa

yumpam

INTRODUCTION

The milk yield of cows and the quality of milk are
important indicators for the successful development of
animal cattle breeding and the economies of different
countries. The most important parameters in the assess-
ment of the quality of milk and its suitability for proces-
sing are the microbiological safety and the quantity of
somatic cells contained in it. After all, mastitis continues
to be the most common disease of dairy cows [1].

The main problems in ensuring the safety of milk in-
clude the lack of proper level of veterinary and sanitary
control; process of production, processing, transporta-
tion and sale of milk and dairy products (from farm to
consumers); insufficient conducting of medical-preven-
tive, diagnostic measures aimed at the elimination and
prevention of diseases of the mammary gland and repro-
ductive organs of bovine animals; non-compliance with
sanitary and hygiene norms and requirements. Infected
milk is a source of a number of diseases, such as salmo-
nellosis, staphylococcal enterotoxic gastroenteritis, strepto-
coccal infections, typhoid fever, cholera, aftosa, brucel-
losis, leukemia and tuberculosis [2, 3].

Mastitis prevention is carried out by methods aimed
at reducing the incidence and duration of infection. In or-
der to prevent the infection of the mammary gland in cows,
the udders were treated with a suitable disinfectant, by
spraying or full immersion in the preparation [4, 5].

Modern effective formulations for cattle are present
on the European market [6]. DeLaval (Sweden) is a lea-
ding manufacturer of milking processes automation equip-
ment and other technological processes for dairy farms.
The Company’s concept of “productive lifetime of cows”
requires innovative scientific approaches to the milking
procedure. The experience of the company proved that
the treatment of the udder after milking being the most
effective method of mastitis prophylaxis [7]. Also, DeLa-
val’s modern tools for udder handling are the components
that prevent negative effects of the environment and me-
chanical effects on the skin of the udder. On farms, before
the introduction of preparations for disinfection of ud-
der into practice, in 80 % of cases there was a staphylo-
coccus aureus identified on the surface of the udder. Blo-
ckade™ is a film-forming iodine-based solution for ap-
plying dyes, in which free iodine is used. The Blockade™
solution creates a thin, elastic barrier for the natural bac-

teria that present in the dirt and that can enter the milk
channel, especially after milking. Dipping the nipples into
the Blockade solution after each milking provides the for-
mation of a protective film [8, 9].

Proactive™, Proactiv™ Plus, Dipal™ Conc., l[odoFence™,
iodine-based preparations; DeLaval Prima contains hydro-
gen peroxide; Hamra Blue™ - chlorhexidine bigluconate
[10]. The formulas of these agents prevent the infection
of the animal’s udder by a wide range of microorganisms
that cause mastitis. Unfortunately, these drugs have a high
cost for consumers in Ukraine [11].

Previous studies have established the price parame-
ters for foreign veterinary preparations with anti-masti-
tis activity significantly exceed the similar indices for do-
mestic preparations. The analysis conducted by us pro-
ves that the development of a new preparation for the
antiseptic treatment of ducts and udder of cattle in or-
der to prevent microbial contamination is economically
feasible [12]. We also studied the antimicrobial activity
of silver and copper citrates in order to develop veteri-
nary antimicrobial agents [13, 14]. This work is a con-
tinuation of the scientific experiment with the aim of
substantiating the choice of a film-forming agent in the
composition of copper and silver citrates containing spray
and the effect of the film-forming agent on the quality
parameters of the antiseptic agent.

MATERIALS AND METHODS

As aresearch objects, a series of preparations with dif-
ferent composition, were developed. The following acti-
ve substances were used: silver and copper citrate (manu-
facturer of Ltd. “Nanomaterials and nanotechnologies”,
Kyiv); D-panthenol USP (BASF SE, Germany); and excipi-
ents. We used sodium carboxymethyl cellulose (Shandong
YuLong, China), macrogol-400 (Kollisolv® PEG 400, BASF SE,
Germany) and polyquaternium 10 (East Korea, KCI) in
our studies on film-forming agent selection.

The quantitative content of silver ions in the spray was
determined thiocyanometric measurement [15]. Quanti-
tative content of copper ions was performed according
to the methodology of the State Pharmacopoeia of Ukraine
2.0 (S.Ph.U.) “2.2.25 Absorption spectrophotometry in the
ultraviolet and visible range”. The quantitative determi-
nation of dexpanthenol was carried out by liquid chro-
matography according to the procedure of the S.Ph.U.

[5]
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“2.2.29. Liquid chromatography”. Potentiometric deter-
mination of pH in experimental samples was carried out
using the method of DFU 2.0, paragraph 2.2.3. The me-
asurements were carried out using the pH meter Seven
Easy pH with a set of electrodes manufactured by Mettler
Toledo (China). Statistical processing of the experimen-
tal data results was carried out in accordance with the
requirements of the S.Ph.U,, article 2.0 “5.3.N.1. Statis-
tical analysis of the results of a chemical experiment” [16].

RESULTS AND DISCUSSION

According to the S.Ph.U. “Veterinary liquid drugs
for skin application”: sprays contain one or more active
substances for external use for therapeutic or prophy-
lactic purposes. They are extracted in the form of aero-
sols by pressing on the corresponding valve or by means
of an appropriate spray device, which is either an integ-
ral part of the container or supplied separately. In turn,
sprays for nipples contain one or more disinfectant ac-
tive substances, usually in the form of solutions spraying
onto the nipple of animals before and, if necessary, after
milking of milk to reduce the amount of pathogenic micro-
organisms on the surface.

Auxiliary substances in the veterinary sprays (sol-
vents, surfactants, film formers, corrective agents, anti-
microbial preservatives, antioxidants, etc.) should provide
optimum technological characteristics of the veterinary
preparation, be compatible with other components of the
medicinal form and the packaging material [17].

In developing the composition of the spray for vete-
rinary on the basis of silver citrate and copper, studies
were conducted to select the optimum film formulation
for this dosage form. In the pharmaceutical technology,
copolymers such as vinyl pyrrolidone with vinyl acetate,
cellulose acetate butyrate, polyquaternium, povidone, macro-
gol-400, sodium carboxymethyl cellulose (CMC) and others
are used as a film-forming agents. Substances in the form
of a veterinary preparation for the application of the skin
should not irritate the skin of the animal, and should be
non-toxic. The formed film must be impermeable to micro-
organisms, elastic, durable, have a high degree of adhe-
sion, and possess high bacteriostatic properties. The ad-
vantages of film-forming agents in the composition of the
preparation for the antiseptic treatment of dentures and
vines of the cattle which include protection of the dama-

ged skin surface from infection.

As a result of the experiment, formulations of anti-
septic spray containing carboxymethyl cellulose in va-
rious concentrations as a film-forming agent, were de-
veloped. Carboxymethyl cellulose is an amorphous subs-
tance without color, taste or smell, well soluble in wa-
ter, has the weak acidic properties, does not decompose
under the light and forms films that are resistant to fats
of plant and animal origin. The advantage of carboxy-
methyl cellulose (CMC) is that this substance is physio-
logically inert.

The results of the research on the selection of opti-
mal amounts of CMC are presented in Tab. 1.

From the data in Tab. 1 it can be seen that the use
of CMC at a concentration of 0.3 % allows obtaining of
spray with a pH of 2.16, and a permissible level of quan-
titative content of active substances, which forms a very
thin film that does not satisfy the predicted characteris-
tics. Samples of CMC-containing spray 0.5 % and 1 % were
sticky and formed a thick film which did not meet the re-
quirements of normative and technical document in terms
of “Relative density”.

Therefore, the next step was the development of anti-
septic preparation batches with macrogol-400 film-for-
ming agent. Macrogol-400 is well mixed with water, glyce-
rol, organic solvents, compatible with most medicinal
substances, it is well applied to the skin and uniformly
distributed on it without interfering with gas exchange
and without disturbing the activity of the glands; it also
retains homogeneity after mixing with secretions of the
skin or mucous membrane; has a weak bactericidal ef-
fect due to the presence of primary hydroxyl groups in
the molecule; is not exposed to microorganisms and can
be stored for quite a long time under any temperature
conditions.

The results of research on the choice of optimal quan-
tities of macrogol-400 are presented in Tab. 2.

The conducted studies allowed us to conclude that
it is inappropriate to introduce macrogol-400 as a film-
forming agent in an amount from 10 % to 20 % into the
composition of the combined spray for the veterinary use.
Spray obtained with its use form very thin film, and when
applied to the skin is washed out quickly. In addition, the
samples do not meet the requirements of the normative
and technical documentation in terms of “Relative density”.

Table 1
DEPENDENCE OF SPRAY QUALITY INDICATORS ON THE BASIS OF SILVER AND COPPER
CITRATES FROM THE QUANTITY OF CARBOXYMETHYLCELLULOSE (CMC)
Quality parameters
cMC Film ArEpearance ; R‘etlativ/e i ” n . Quantictative Cf)ntent, %
content, % | characteristics opaque ensity, g/cm p rgentum ions opper 1ons
0 blue-greenish (from 1.016 (2.0-5.0) (not less than (not less than De:gasn;hze;()l

color liquid) to 1.018) 0.0113) 0.0113) (4.75-5.25)
0,3 very thin complies complies 2.13+0.03 {0.0126 £ 0.0001|0.0127 + 0.0002| 5.00+0.01
0.5 sticky, thick complies does not comply | 2.15 + 0.02 |0.0127 + 0.0003{0.0127 + 0.0002| 5.00 +0.02
1.0 sticky, thick complies | does not comply | 2.16 + 0.02 |0.0126 + 0.0002{0.0127 + 0.0001| 5.02 +0.03

Note: P +95 %, n=5.
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Table 2
THE DEPENDENCE OF SILVER AND COPPER CITRATES BASED SPRAY QUALITY INDICATORS
ON THE QUANTITY OF MACROGOL-400
Quality parameters
. q 7 0,
Macrogol-400 Film (Appeareg}ce d R(.etlatlv/e 3 H A - Quantlctatlve c'ontent, L
uantity, % | characteristics | (°P29ue biue- ensity, g/cm P rgentum lons opperions
! » greenish color | (from 1.016 | (2.0-5.0) | (notless than | (not less than fo;aslj;h;;)m
liquid) t0 1.018) 0.0113) 0.0113) e
10.0 very thin complies complies 2.13+0.01(0.0127 £ 0.0001|0.0129 £ 0.0002| 4.99 +0.01
15.0 very thin complies does not comply | 2.15+0.01 (0.0128 + 0.0002{0.0128 + 0.0001| 4.98 + 0.02
20.0 very thin complies does not comply | 2.13+0.02|0.0126 + 0.0003|0.0126 + 0.0001| 5.02 +0.01
Note: P +95 %, n =5.
Table 3
THE DEPENDENCE OF SILVER AND COPPER CITRATES BASED SPRAY QUALITY
INDICATORS ON THE QUANTITY OF POLYQUATERNIUM 10
Quality parameters
Quantity of Film Appearance Relative Quantitative content, %
polyquaternium - (opaque density, g/cm? pH Argentum Copper ions
h t t
10, % characteristics blue-greenish (from 1.016 (2.0-5.0) | ions (notless | (notless than De:p:;n;hzeélol
color liquid) t0 1.018) than 0.0113) 0.0113) (4.75-5.25)
0.2 very thin complies does not comply | 2.13 +0.01 |0.0125 + 0.0001|0.0126 + 0.0001| 5.09 + 0.02
05 mtzg:;‘:;ate complies complies | 2.15+0.01[0.0128 + 0.00020.0128 + 0.0001| 4.99 +0.03
1.0 dense complies does not comply | 2.16 + 0.02 |0.0126 + 0.0001|0.0127 £ 0.0002| 5.07 £ 0.01

Note: P+95%,n=5.

In the further development of the spray composition,
there was used polyquaternium 10, a cationic derivative

of hydroxyethyl cellulose which is widely utilized as a con-
ditioning agent in hair and skin products. Polyquaternium

10 is compatible with anionic and amphoteric surfactants.

It possesses film-forming property and creates a protec-
tive protective film on the skin and hair. The results of
study on the choice of optimal quantities of polyquater-
nium 10 are presented in Tab. 3.

The use of polyquaternium 10 in a concentration of

0.5 % allows to obtain a spray with a pleasant texture,
pH of 2.16, with an acceptable level of quantitative content
of active substances. A sample prepared with a 0.2 % film-
forming agent dried on the skin, forming a very thin pro-
tective film, and using a concentration of polyquaternium

10 of 1 %, a thick spray was obtained. It dries on the skin

forming a dense film, and in addition samples of these se-
ries of sprays did not meet the requirements of normative
and technical documentation in terms of “Relative density”.

As aresult of the research, it was found that the intro-
duction into the composition of a combined antiseptic
agent with copper and silver citrates for veterinary use,
polyquaternium 10 in the amount of 0.5 %, allowed to

obtain a spray that meets the requirements of the nor-

CONCLUSIONS

mative and technical documentation for all quality indi-
cators, forming a protective film with intermediate density.

The studies have been conducted in order to substan-

tiate the selection of a film-forming agent in the form
of a spray containing copper and silver citrates for
the antiseptic treatment of cattle for prevention of
infection with microorganisms causing mastitis.

In development of the spray composition for vete-

rinary medicine on the basis of silver and copper
citrate the influence of film formers (sodium car-
boxymethyl cellulose, macrogol-400 and polyqua-
ternium 10) on the quality indices of the antiseptic

agent

was studied.

It has been established that the optimum film-for-

ming agent in composition of antiseptic spray is poly-
quaternium 10 in the amount of 0.5 %, which allo-
wed to obtain a film with predictable properties, and
the preparation itself meets the requirements of the
design developed by the normative and technical
documentation for all indicators of quality.
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