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Aim. To determine the optimal pH range of the original combined veterinary drug in the dosage form
of the spray in order to provide the stability of the solution during the shelf life.

Materials and methods. The study object was the samples of the spray with the content of silver and
copper citrate, dexpanthenol, and excipients. The quantitative content of silver ions was determined by the
thiocyanometric method. The quantitative content of copper ions was determined according to the method
of the State Pharmacopoeia of Ukraine 2.0 (SPhU) “2.2.25 Absorption spectrophotometry in the ultraviolet
and visible areas”. The quantitative determination of dexpanthenol was carried out by liquid chromatogra-
phy. The potentiometric determination of pH was carried out using the method of the SPhU.

Results. As the result of the studies conducted it has been found that the sample with the pH of 5.32
produces a blue precipitate and an opalescence of a grayish tint. Over time (24 h) opalescence does not dis-
appear, and the precipitate acquires a gray tint. This fact indicates destruction of copper citrate due to the
increase in pH without addition of the excessive citric acid; it leads to formation of copper oxide hydrate.
It can also be assumed that the stability of silver citrate in the solution is impaired, and metallic silver parti-
cles appear in the form of a precipitate. In these samples the quantitative content of silver and copper ions
in the solution did not correspond to the limits set. Samples with the pH from 1.80 to 5.05 corresponded
to the limits set for the content of silver ions, copper ions and dexpanthenol, and there were no changes in
the appearance of the solution after pH correction.

Conclusions. According to the results obtained the optimal pH range (2.0-5.0) for the solution with the
antimicrobial activity under the conventional name “Argocide-copper” - a drug based on silver citrate, cop-
per citrate and dexpanthenol has been determined. This pH level makes it possible to obtain a stable drug.
The studies conducted will be used when developing the spray with the antiseptic action for application in
veterinary medicine and introducing it into production.
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K. M. ITosioBA, JI. . ATIMAKAEBA

OBI'PYHTYBAHHS ONITUMAJIBHUX ME:K PH MPO®IJIAKTHYHOTO CIIPEIO JJIs1
BETEPHUHAPII

MeTa: BU3HauYeHHS ONTUMaJIbHOTO iHTepBaay pH opuriHajbHOro KOMG6iHOBaHOTO BETEPHUHAPHOTO
npemnapary B JlikapcbKill ¢opMi cripero 3 MeTOl0 3a6e3neYeHHs1 CTabi/IbHOCTI pO3YHUHY POTATOM TEPMiHY
36epiraHHsl.

Marepiau Ta MeTogH. O6’eKTOM JOCTiKeHb OyJIM 3pa3Ky CIpelo i3 BMicToM cpibJia Ta Mii nuTpary,
JIeKCIIaHTEHOJ1y Ta KOMI03ULii J0MOMiXXHUX pedyoBUH. KisibKicHUM BMIcCT ioHIB cpibJia BU3Havyau Tiolia-
HOMETPUYHO; KiJIbKiCHUH BMiCT i0HIB MiZii - BifnmoBizHO 0 MeToqUKH «AGCop61iiiHa cieKTpodoToMeTpis
B yabTpadioseToBil i BUAMMIN AinsiHKaxX»; KiJbKicHe BUSHAUYeHHS JeKCIIAHTEHOJy TPOBOJUIN METO/,0M
piaguHHOI XpoMaTorpadii; moteHnioMmeTpuuHe BU3HayeHHs1 pH - 3a MeTozaukomw [lepkaBHoi dpapmakomnel
YKpainu.

Pe3ysibTaTu AOCaigKeHHs. Y pe3y/bTaTi NpoBe/jleHUX 10C/i/P)KeHb YCTAaHOBJIEHO, 110 B 3pa3ky 3 pH
5,32 cnocTepira€Tbcst yTBOPEHHS 0CaZly CHHbOTO KOJIbOPY 1 OMasieclieHllisi cipyBaTOro BiATiHKY. 3 JIMHOM
yacy (24 rojvHM) onasecleHIiis He 3HUKAE, a 0ca/i HabyBae ciporo BiATIHKY, 110 CBIYUTH PO JIeCTPYKILitO
LUTpATy MiJli yepe3 nifBuineHHs pH 6e3 Ao/jaBaHHSA HAJJIUIIKY KUCJIOTH JUMOHHOI, [0 TPU3BOAUTH J0
YTBOPEHHS TiApaTy OKUCY Mijli, a TAKOXK PO MOPYLIeHHS CTabi/IbHOCTI HUTPATY cpibJia B pO34UHi i MOSABY
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YaCTUHOK MeTaJseBoro cpibsa. Y uux 3paskax KijbKicHUN BMicT ioHIB cpi6Ja i MiZji B po34uHi He Bifgno-
Biflae BcTaHOBJIeHUM MexxaM. 3pa3ku 3 pH Bix 1,80 g0 5,05 BiAnoBigaiM BCTaHOBJIEHHM MeXaM 3a BMic-
TOM i0HIB cpibJia, ioHiB MiJZi Ta AekcnaHTeHo1y. TaK0K He CIOoCTepirasaucs 3MiHM 30BHIIIHBOT0 BUIISAAY
po34uHYy nicasa Kopekuii pH.

BucHoBKM. Ha nificTaBi oTpuMaHuX pe3yabTaTiB 6y/10 BCTAHOBJIEHO ONTUMaIbHUHN iHTepBasa pH
(2,0-5,0) m/151 po34MHY aHTUMIKpPOGHOI Aii i1 yMOBHOO Ha3BOI «Aprouu/; — MiZib» — mpenapaTy Ha OCHOBI
UTpaTiB cpibJia, quTparty Mifi i fekcnanTeHoJty. Takui piBeHb pH 03BoJIsIE 0fjepKaTH CTA6GIIBHUM pe-
napart. [IpoBe/ieHi focipreHHS 6yAyTh BUKOPUCTAHI /115 pO3pO6KH i yIIPOBa/XKEHHS Y BUPOOHUIITBO CIIPEI0
AHTHUCENTUYHOI Ail /1 3aCTOCYBaHHSA Y BeTepHUHapil.

Karwouoei c/i08a: cripeli aHTHCENTUYHUN; BeTepUHAPHUH ITpenapat; cpibJia uutpat; Miai nutpar; pH;
CTabi/IbHICTD.

K. H.ITos10BA, JI. T'. AIMAKAEBA

OBOCHOBAHMUE OIITUMAJIBHBIX TPAHULL PH MNPO®UJIAKTUYECKOTO CIIPES
AJ1d BETEPUHAPHUH

Ilesb: onpesiesieHre ONTUMa/JIBHOIO HHTepBaJa pH opurrHaJIbHOr0o KOMGMHUPOBAHHOI'O BEeTEpPUHAP-
HOTO Npenapara B JiekapCTBeHHOH ¢popMe crpes C Liesiblo o6ecrnedyeHNs CTaGUIbHOCTH pacTBopa B Teye-
HUe CpOKa XpaHeHHs.

Martepuasibl M1 MeTOABL. O6bEKTOM HCCIeJ0BAHUE OBIIN 06pa3LibI CIIpesi ¢ cepebpa M MeJiy LIUTpaTa-
MH, IeKCIIaHTEeHOJIOM ¥ KOMIIO31LIMel BcrioMoraTe IbHbBIX BellecTB. KosinuecTBeHHOe cofiepaHue HOHOB
cepe6pa onpejessgyd TUOLMAHOMETPUYHO; KOJIMUECTBEHHOE COJlepKaHie MOHOB MeJiu — 110 MeTOJUKe
«ABCOpOIIMOHHAsA CIEKTPOOTOMETPHS B yNbTPadHUOJIETOBON U BUAUMOM 06/1aCTAX»; KOJIMIECTBEHHOE
onpeiesieHUe JeKCIIaHTeHOo/1a IPOBOAUIN METOA0M KUAKOCTHON XpoMaTorpaduu; NoTeHIIHoMeTpuye-
ckoe onpegesnenue pH - no metoguke ['OY.

Pe3ysibTaThl Hccaef0BaHUA. B pe3ysibTaTe NpoBeieHHBIX HCCIeJ0BAaHUN YCTAHOBJIEHO, YTO B 06-
pasuie ¢ pH 5,32 Ha6./110aeTcst 06pa3oBaHUe 0cajika CHHEro IjBeTa U oNaJleClieHI|sl CepoBaTOro OTTeHKa.
C TeyeHHeM BpeMeHH (24 4) onasieclieHLMs He McYe3aeT, a 0CaZloK TPHUOOpeTaeT Cepblil OTTEHOK. ITOT GaKT
CBU/IETEIBCTBYET O eCTPYKIIUH [IUTPaTa Me/IN U3-3a noBeIlieHUs pH 6e3 fo6aBieHUs U36bITKA KUCJIOThI
JIMMOHHOM, 4TO IPUBOAUT K 00pa30BaHHUIO rupaTa OKMcH Meau. Takxke MOXKHO IpeAiNioJiaraTh HapylieHue CTa-
OGUJIBHOCTH LiMTpaTa cepebpa B pacTBOpE U MOABJIEHHE YaCTUL, MeTalJIM4eCKOro cepebpa B BU/ie 0CaJKa.
B aTux o6pasunax KoJU4YeCTBEHHOE COZlep>KaHHe HOHOB cepebpa U Meil B pacTBOPE He COOTBETCTBYET
YCTAaHOBJIEHHBIM npefesnaM. 06pasuel ¢ pH ot 1,80 1o 5,05 cooTBeTCTBOBaIM YCTAaHOBJIEHHBIM NpeesiaM
0 COZlepXKaHHUI0 HOHOB cepe6bpa, HOHOB MeJIM U JIeKCIIAaHTEHOJ1a, a TAKXKe He 6bIJI0 M3MeHeHU I BHELIHET0
BHM/la pacTBOpa nocJie Koppekuuu pH.

BbiBOABI. Ha 0CHOBaHMMU MTOJIy4eHHBIX pe3yJbTaTOB OblJl YCTAaHOBJIEH ONTHMa/bHbIM HHTepBas pH
(2,0-5,0) pJs1s1 pacTBOpa aHTUMUKPOOHOTO IeHCTBUSA 110/, yCJIOBHBIM Ha3BaHUEM «ApProlLuj, — MeJib» — Ipe-
napaTa Ha OCHOBe IIUTPATOB cepebpa, UTpaTa MeJu U JeKcnaHTeHoJ1a. Takod ypoBeHb pH mo3BoJisieT
MOJIyYUTh CTAaGU/IBHBIN Tpenapart. [IpoBeieHHbIe HUcCIeJ0BaHUS OyAYT UCTIOIb30BaHbI AJ151 pa3paboTKuU U
BHeZIpeHUsl B IPOU3BO/ACTBO CIIpest aHTUCENTUIEeCKOTO0 JeiCTBUA I/ IPUMeHeHUsl B BeTepUHapHHu.

Kawouesule caoea: cripel aHTHUCENITHYECKHH; BeTePUHAPHBIN Ipenapat; cepe6pa LUTpaT; MeAH IIU-
TpaT; pH; cTaGUIBHOCTB.
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Statement of the problem. The problem
of search for measures and methods for pre-
venting infectious diseases of the cattle mam-
mary gland, mastitis in particular, is of great
relevance. As a result of this pathology, usual-
ly there is partial or complete atrophy of one
or several parts of the udder, decrease in pro-
ductivity, impossibility of machine milking of
cows. Therefore, there is a premature culling
of cows, reduced degree of the genetic poten-
tial of the herd, as well as the economic efficiency
of dairy cattle breeding in the household de-
creases [1, 2].

Recently, the methods of pharmacological
prophylaxis of mastitis in cows have become
widespread. Some authors propose the intro-
duction of antibiotics for nonmilking cows with
the prophylactic purpose, but this method of
prevention has significant disadvantages. The main

disadvantage is that antibiotics most actively
act in the acute phase of inflammation when
an intense growth of microorganismsis observed.
The use of antibiotics in a nonmilking period
can not provide destruction of the pathogenic
microflora, and this contributes to the appear-
ance of a greater number of antibiotic-resist-
ant organisms [3-5].

One of the causes of mastitis in cows is the
lack of the necessary sanitary and hygienic
treatment of teats after milking. Since the teat
canal remains open from 30 min to 1-2 hours
after milking, it leads to infecting the mammary
gland with the microflora causing its inflam-
mation. The most common methods of proph-
ylaxis of subclinical mastitis are the treatment
of cow udders with suitable disinfectants.
Disinfection may reduce the appearance of new
cases of mastitis [6].

CoyianvHa meduyuHa i papmayisi: icmopis, cyyacHicms ma nepcnekmugu po3eumky
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This work is a part of the research on deve-
lopment of veterinary antimicrobial agents for
the treatment and prevention of cattle mastitis
(within the framework of the research work of
the Department of Management and Econo-
mics of Pharmacy with Technology of Drugs
of the L. Ya. Horbachevskii Ternopil State Me-
dical University on the topic “Marketing, Phar-
macoeconomic and Technological Research on
Development of Medicinal Products” (the state
registration No. 0115U001530).

Analysis of recent research and publi-
cations. Depending on the groups of active sub-
stances veterinary antiseptic agents that are
available at the market have different antimic-
robial properties and consumer characteristics.
Physicochemical properties of active pharma-
ceutical ingredients, as a rule, determine the
pH level of these agents; it, in turn, affects both
antimicrobial and dermatological properties of
drugs. Drugs containing chlorhexidine affect the
components of the microorganism cell wall.
However; chlorhexidine is inactive against spores
and viruses, and has a weak antifungal activi-
ty [7]. Compared with iodine-containing dis-
infectants it acts more slowly. Bacteria are capa-
ble of producing resistance to it. The pH of such
products is neutral, but chlorhexidine alone
irritates the skin, therefore, most of the chlo-
rhexidine-based disinfectants contain skin-softe-
ning agents (e.g. glycerol, allantoin). For example,
“Ankar Before” product (Ankar-Agro, Ukraine)
contains allantoin. Its pH ranges 5.0-7.0.

The second most popular disinfectant is
iodine. It has a wide range of the antimicrobial
action, does not cause the pathogenic micro-
flora habituation, and has anti-inflammatory
properties. However, iodine solutions have a
negative effect on the skin since their frequent
application causes dryness and peeling of the
skin. It is also difficult to combine iodine with
emollients since it is very reactive. lodine is the
substance, which is insoluble and unstable; thus,
the iodine molecules chemically bind to the com-
plex with carrier molecules, forming iodophoric
compounds. lodophores have the pH ranging
from 2 to 4, which also promotes the irritation
of the animal skin [8]. In this case, irritation is
the result of the effect of the carrier, its mole-
cules are surfactants, some of them effectively
remove the natural fats from the surface of
the skin, and the skin becomes dry and more

prone to irritation and formation of microcracks.
Glycerol, lanolin, allantoin, and other excipients
for skin softening are added to these products.
The following agents with the “barrier effect”
forming a protective film on the udder and con-
taining iodine are known: “LuxDip 25” (GeA Farm
Technologies, Germany) with the pH level of 3.0,
“UdderStar” (BouMatic, USA) with the pH level
of 3.5 -4.5.

There are also chlorine-based drugs. Chlo-
rine dioxide has high disinfectant properties.
Its molecules are introduced into the bacte-
rial cell wall, react with organic substances on
the surface of the cell membrane and within
the microorganism, interfere with metabolic
processes. Chlorine dioxide, unlike oxidative
disinfectants, is capable of destroying micro-
organisms in an inactive form. It is also effec-
tive against viruses. Among the significant
drawbacks is its negative impact on the cattle
udder skin. Solutions of chlorine dioxide have
a pH from 4 to 10 [9].

Another group of veterinary drugs contains
organic acids, such as peroxyacetic acid. These
products act on the cell wall of a microorgan-
ism, causing its destruction. Similar to chlor-
hexidine the prolonged use of such agents leads
to the appearance of resistant strains of bac-
teria. Organic acids shift the pH to the acidic
values, and hence, in order to prevent the neg-
ative effects on the skin emollients are also
added to such agents [10].

The agents for udder processing contain-
ing lactic acid are known. It removes general
and local inflammation of the udder, eliminates
redness of the skin, stimulates the cell rene-
wal, and triggers the synthesis of collagen [9].
Lactic acid does not overdry the udder skin, re-
stores its protective function, increases moistu-
re and helps to withstand the harmful effects
of the environment. However, it is a weak an-
tiseptic and can not always effectively protect
the udder from aggressive pathogenic micro-
organisms. For example, “Ankar Before” prod-
uct (Ankara-Agro LLC, Ukraine) contains glyc-
erol. Its pH ranges 3.5-5.0.

Combined preparations containing sever-
al antiseptics are also available at the market.
For example, Griin Ferma (BelAseptica-Dez, Be-
larus) contains chlorhexidine and lactic acid,
glycerol, non-ionic surfactants, gel former, dye,
pH regulator, and water. The pH is 4.0-7.5.

[5]
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Identification of aspects of the problem
unsolved previously. The market analysis of
the veterinary drugs for the treatment of the
milking cattle udder shows the presence of
agents with significant disadvantages in long-
term use. As a result of previous studies the
antimicrobial activity of silver and copper cit-
rate against the clinical strains of pathogenic
microorganisms was identified [11]. The expe-
rimental research on development of an econo-
mically advantageous, pharmacologically effec-
tive safe formulation of an antiseptic solution
in the form of the spray under the conventional
name “Argocide-copper” is in progress [12].

Objective statement of the article. The aim
of this work is to determine the optimal pH
range of the original combined veterinary drug
based on copper and silver citrate and dex-
panthenol in the dosage form of the spray for
treating the cattle udder of lactating animals
and for providing the stability of the solution
during the shelf life.

Presentation of the main material of the
research. The study object was the samples of
the spray with the content of silver and copper
citrate, dexpanthenol, and excipients. The fol-
lowing active substances were used: silver citrate
(manufacturer - “Nanomaterials and nanotech-
nologies”, LLC, Kyiv); D-Panthenol USP (manu-
facturer - BASF, Germany). The quantitative
content of silver ions was determined by the
thiocyanometric method. The quantitative con-
tent of copper ions was determined according
to the method of the State Pharmacopoeia of
Ukraine 2.0 (SPhU) “2.2.25 Absorption spec-
trophotometry in the ultraviolet and visible
areas”. The quantitative determination of dex-
panthenol was carried out by liquid chroma-
tography according to the method of the SPhU
2.0 “2.2.29. Liquid chromatography”. The po-
tentiometric determination of pH of the ex-
perimental samples was carried out using the
method of the SPhU 2.0, p. 2.2.3, pp. 51-53.
The statistical processing of the results of the
experimental data was performed in accord-
ance with the requirements of the monograph
of the SPhU 2.0 “5.3.N.1. Statistical analysis of
the results of a chemical experiment” [13]. Six
samples of the veterinary drug “Argocid-cop-
per” of various formulations were prepared.

Analysis of the literature data on the pH
level of antiseptic agents for the treatment of

the cattle udder suggests that the range of pH
is quite wide - from 1 to 7.5 and more. In this
case, the antimicrobial effect, local irritating
effect and provoking of an increase in the dry-
ness of the animal skin depend not only on the
pH level, but also on the bactericidal capacity
of the active substances themselves and their
negative effect on the epidermis of the cow
udder. It is also taken into account that the
skin of the udder is characterized by a certain
pH level. It is created by the secrets of the skin.
The lower is the pH value, the higher is the
bactericidal effect since the hydrogen ions be-
gin to more actively act on microorganisms
by inhibiting the activity of enzymes. Bacteri-
cidal properties are expressed in unsaturated
fatty acids, lactic acid, enzymes, lysozyme,
and other biologically active substances of the
skin [21]. The acidic reaction on the surface
of the skin is an important protective mecha-
nism that protects the skin from the penetra-
tion of microorganisms, regulates the process
of hydration and maintains the natural state
of the epidermis [18].

Therefore, considering the physicochemi-
cal properties of solutions of copper and silver
citrate that exhibit the maximum biocidal ef-
fect and are stable at the acidic pH (2.0-5.0),
as well as dexpanthenol, which can also stably
exist in the specified pH range and preserve
the pharmacological effect, the probable opti-
mal pH limits for the combined drug based on
the active pharmaceutical ingredients in the
range of 2.0 to 5.0 have been identified.

To confirm the optimal pH range of solu-
tions containing copper and silver citrate, dex-
panthenol the samples with the critical pH va-
lues that should be lower and higher than the
limits set by us were developed. These pH values
were achieved by adding different amounts of
1M sodium hydroxide solution, while acidic
citric acid was used as an acid agent since ad-
dition of hydrochloric acid could cause the in-
soluble precipitation of silver chloride. The re-
sults of the studies are presented in Table.

As a result of the studies conducted, it was
found that a blue precipitate formed in the so-
lution of sample 6 with the pH of 5.32, and opa-
lescence of a grayish color appeared, it did not
disappear over time (24 hours), and the pre-
cipitate also acquired a gray tint. Such changes
are likely the result of destruction of copper

CoyianvHa meduyuHa i papmayisi: icmopis, cyyacHicms ma nepcnekmugu po3eumky
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Table
DEPENDENCE OF PHYSICOCHEMICAL PARAMETERS OF ACTIVE PHARMACEUTICAL
INGREDIENTS OF THE VETERINARY SPRAY ON THE PH LEVEL
Sample H Descrintion Quantitative content*, %
No. P P Silver ions Copper ions Dexpanthenol

1 18.0+0,01 | A transparent, greenish-—| 5155160001 | 0.0122+0.0001 5.01+0.01
blue liquid

2 2024002 |Atransparent, greenish- | 415466002 | 0.0128+0.0002 5.10+0.01
blue liquid

3 | 2414003 |Atransparent, greenish- | 4 150000001 | 0.012240.0001 5.07+0.01
blue liquid

4 | 2.73x002 |Atransparent, greenish- | 155, 00002 | 0.0119+0.0003 4.94+0.01
blue liquid

5 505001 |Atransparent, greenish- | 151,05 6001 | 0,012140.0004 5,0040.01
blue liquid
A nontransparent, opales-

6 5.31+£0.01 |cent greenish-blue liquid | 0.0110+£0.0001 | 0.0097+0.0001 5.02+0.01
with a blue precipitate

Note. * The quantitative content of silver and copper ions should be in the range of not less than 0.0113 %.
The quantitative of dexpanthenol should be in the range from 4.75 to 5.25 %. ** P + 95%, n = 5.

citrate due to the increase in pH without ad-
dition of the excessive citric acid; it leads to
formation of copper oxide hydrate. It can also
be assumed that the stability of silver citrate
in the solution is impaired, and metallic silver
particles appear in the form of a precipitate.
In these samples the quantitative content of
silver and copper ions in the solution did not
correspond to the limits set. Samples No. 1-5
with the pH from 1.80 to 5.05 corresponded
to the limits set for the content of silver ions,
copper ions and dexpanthenol, and there were
no changes in the appearance of the solution

Conclusions and prospects for further
research. According to the results obtained the
optimal pH range (2.0-5.0) for the solution with
the antimicrobial activity under the conventional
name “Argocide-copper” - a drug based on sil-
ver citrate, copper citrate and dexpanthenol has
been determined. This pH level makes it possible
to obtain a stable drug. The studies conducted
will be used for development of the spray with
the antiseptic action for the treatment of the
cattle udder and its introduction into produc-
tion at “Brovafarma” LLC (Ukraine, Brovary).
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