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1. Introduction

Compliance with GMP requirements by Ukrainian
manufacturers of medicinal products (MP) ensures the sta-
ble production of remedies in accordance with the require-
ments of the normative and technical documentation and
quality control according to the analytical normative docu-
mentation (AND). The EU Directive 89/341 / EEC, it is
noted that "the quality of medicinal products should be
maintained by requiring compliance with the principles of
good manufacturing practice”. Substandard medicines are
dangerous for people's health, and also they lead to material
damage both for the state and for the consumer. In Ukraine,
implementation of the good practices requirements for vet-
erinary drugs (VD) production is being implemented.

The EU Council has adopted directives concern-
ing the principles and rules of GMP for MP and VD.
Directive 2003/94/EC refers to remedies for human use,
and Directive 91/412/EEC — to drugs for veterinary use.
The detailed requirements that meet the Directive
91/412/EEC principles [1] are displayed in the "Method-
ological Recommendations on the Basic Rules for Good
Manufacturing Practice and Quality Control of Veteri-
nary Medicines", on the basis of which Ukrainian VD
manufacturers will be inspected [2].

To ensure the production of high-quality VD, it is
necessary to implement and comply with the standards
and Good Manufacturing Practice requirements, which

are unified for all manufacturers, tested by time and
experience, and ensure the production of remedies with
specified characteristics that meet the requirements of
regulatory documents (the European Pharmacopoeia and
the State Pharmacopoeia). Drug stability and shelf-life —
the time period without adverse changes in physical,
chemical, pharmacological and consumer characteristics
observed — is an important indicator of its quality.

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

An innovative activity in the field of development
of new Ukrainian medicines for veterinary pharmacy
remains relevant. In the Ukrainian market there is a need
to develop new safe drugs for prevention and treatment
of obstetric and gynecological disorders of cattle. Thus,
the problem of treatment and prevention of mastitis in
cows has not been solved, and in this connection the
damage due to the disease causes a significant damage to
the dairy industry. Growing cases of cows’ mastitis in
dairy farms lead to a decrease in milk productivity,
premature ejection of the animals, and deterioration of
technological properties of milk. Also, the duration of
mastitis treatment is significantly affects on the cattle
productivity. Every day of treatment metabolic products
of bacteria accumulate in the affected parts of udder that
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cause death and desquamation of the mammary gland
epithelium. Almost all available anti-mastitis drugs on
the market are either antibiotics or combination drugs
containing antibiotics, which exacerbates the existing
problem of antibiotic resistance in microorganisms, the
solution of which is possible by developing new VD with
minimal side effects and maximum therapeutic efficacy.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

Among the main cattle diseases, mastitis occupies
a special place, due to its widespread distribution and
great economic damage to milk manufacturers, pro-
cessing industry and human health [3].

The most widespread mastitis in cows occurs dur-
ing start, dry cow period and at the beginning of lactation
[4, 5]. Etiological factors of the given disease may be
violations of technology and rules of milking, conditions
of retention and feeding ma cows [6]. However, various
microorganisms are one of the main causes of mastitis
development [7, 8].

To ensure cow's mammary gland health and the
normative indicators of milk quality, among which bacte-
rial contamination is the most important, special attention
should be paid to udder hygiene, which is in its care by
special means before and after milking [9, 10].

The most popular solutions are antiseptics and
disinfectants are sodium hypochloride, iodophor solution,
chlorhexidine, dodecylbenzenesulfonic acid, peracetic
acid. The use of the aforementioned sanitary-hygienic
means allows reducing the microbial contamination of
the udder skin [11, 12].

Without such prevention, inflammatory processes
caused by penetration of pathogenic microorganisms into
the animal’s body through the skin may develop in the
mammary gland [13]. As a result of mastitis develop-
ment, the number of leukocytes in milk increases and
biochemical parameters of blood change [14].

However, prolonged use of chemical disinfectants
can cause udder skin irritation and even dermatitis [15].
Priority of the proposed remedies is a complex of syn-
thetic compounds containing antibiotics, which cause
mastitis pathogens resistance [16, 17]. Therefore, recent-
ly veterinary medicine specialists began to use herbal
medicinal products for the treatment of various diseases
in animals, including mastitis, which minimize the nega-
tive impact on the immune status of animals and are
environmentally safe in comparison with traditional
drugs [18].

Ukrainian researchers developed the remedy for
the treatment and prevention of udder dermatitis and
mastitis in cows "Phytoserus”, which includes Tea tree,
Cajuput, Pine, Common juniper, Clove and Eucalyptus
essential oils [19].

The subclinical mastitis can be prevented by cattle
udder care. Russian scientists developed remedy "Stop
mastitis”, which forms a stable protective film on the
udder, preventing microorganisms’ penetration into the
mammary ducts. The protective layer is kept on the skin
for up to 4-5 hours. "Stop mastitis" softens and increases
the elasticity of the udder skin, and has antimicrobial and
wound healing effect [20].
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There is information about the effective use of
nano aqua-chelates in treatment of subclinical forms of
mastitis. Metals nano aqua-chelates with biogenic and
biocidal properties is a wide class of functional nano-
materials from colloidal solutions of metals hydrated
nanoparticles to metal nanocarboxylates [21].

Compounds of such metal as silver cause practical
interest.

Remedies containing silver compounds are widely
used in humane medicine: to accelerate healing, to treat
stomach ulcers, silver threads are used as suture material,
silver coated catheters for urine removal. At the end of
the 19th century, a solution of silver nitrate and colloidal
silver drugs Collargol and Protargol, were offered for
ophthalmic infections of newborns as effective antimi-
crobial agents. However, these drugs had a number of
disadvantages, and the need for multiple applications,
uncontrolled release of silver ions and their inactivation
by biological tissues were the main of them [22].

The new promising pharmaceutical ingredient,
silver citrate, was studied in the soft dosage form
codenamed "Argocid K". Research of the antimicrobial
activity of the samples proved that the therapeutic and
prophylactic cream "Argocid K" for udder care has bac-
teriostatic and bactericidal activity against multiresistant
clinical strains of different types of microorganisms [23].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

Stability is an important indicator of VD quality;
it is the time period with no adverse changes in physico-
chemical, pharmacological and consumer characteristics
of the drug. For multidose drugs, which are creams,
pharmaceutical testing should allow determination of the
storage period for VD during their use and their shelf life
after the first opening of the container. When developing
the composition of an innovative veterinary drug, the
expiration date is determined experimentally by periodic
evaluation of all quality indicators specified in the AND.

5. Formulation of goals (tasks) of Article

The aim of the study was to determine the stabil-
ity of the veterinary drug in accordance with the State
Pharmacopoeia of Ukraine requirements [24]. Soft veter-
inary drugs for external use are monitored by such quali-
ty indicators as description, identification, homogeneity,
mass of the container content, microbiological purity,
and quantitative determination. If necessary, additional
control of the particle size, pH, acid number, the base
specific properties, impurities content, and tightness of
the container are being determined.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results

"Argocid K" samples were used for research. Sta-
bility tests were carried out on five series of the remedy,
packed in aluminum tubes (Technical Conditions of
Ukraine 25463020-01-98) with an interior coating of
Rasias 11015-000, as well as orange glass jars BDS-20-
27,5- 0S-1 (TC 64-2-239-79) with tight-fitting covers
type 1 (OST 64-2-87-81) for 27 months every 6 months.
The shelf life of the cream was determined at two tem-
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perature modes — at room temperature 15-25 °C and in a
cool place at 8-15 °C. The results of the research are
shown in Table 1, 2.

The study was carried out on the basis of the de-
partments of the National University of Pharmacy
(NUPh) under the cooperation agreement between NUPh
(Industrial Pharmacy and Industrial Technology of Drugs
Departments and O. O. Bohomolets National Medical
University (Pharmacy and Industrial Technology of
Drugs Department).

The determination and control of the appearance
and organoleptic properties of the cream samples (color,
odor, consistency, etc.) were performed by visual and
organoleptic methods according to the SPhU (1st Ed.,
2.2.3). The cream should be homogeneous (no visible
particles, extraneous inclusions, signs of physical insta-
bility: aggregation, coalescence, particles coagulation).

Experimental stability studies of the emulsion
cream most objectively characterize their resistance to
temperature and centrifuge fluctuations (colloidal and
thermal stability). To determine the colloidal stability of
the VD, laboratory centrifuge with a set of test-tubes, a
mercury thermometer with temperature measurement
interval from 0 to 100 °C and value of division of a 1 °C,
as well as a stopwatch and water bath, were used. Test
tube was filled to 2/3 of its volume by the samples of the

veterinary cream. Then, the test tubes were placed into a
water bath at a temperature of 45+2 °C for 20 minutes.
Then, they were centrifuged for 5 minutes. The sample
was considered to be stable in case of the absence of
stratification after centrifugation.

Thermal stability determination of was carried out
according to the methodology given in the National Stand-
ard of Ukraine "Cosmetic creams. General specifications:
SSU 4765: 2007. — [Valid from 01/01/2009]». A test tube
containing 10 g of the cream was placed into a thermostat
TV-80-1 with a temperature of 4042 °C and it was left
for one week; then it was transferred to a refrigerator at a
temperature of 10-12 °C for the same period, after which
it was kept for 3 days at a room temperature.

In result of the experiment it was identified that
all series of samples of the veterinary cream "Argocid K"
withstanded trials for thermal and colloidal stability.

Quality preservation of remedies for use in veteri-
nary medicine is an important indicator, since reducing
the quantitative content of active pharmaceutical ingredi-
ents in the drug points to its instability. The quantitative
determination of silver ions in the VD was carried out
using thiocyanometric titration method. Dexpanthenol
quantitative content was determined by liquid chroma-
tography (SPhU 2.2.29). The obtained data testified to
the stability of the veterinary cream "Argocid K".

Table 1
Results of stability testing of "Argocid K" cream during storage period in orange glass jars within 2 years and 3 months
. Start of the Storage period, months.
Sample name acccording to the QCM experiment | 1 | 18 o4 | 7
at a temperature (8£15) °C
Appearance White cream with a slight smell of citric acid
Homohenity Homogeneous content
Colloidal stability Stable
Thermal stability Stable
Identification: Silver ions (from 0.510 | 4 55, 001 |0,523+0,001(0,5240,0010,523+0,001/0,523£0,001|0,522+0,002
to 0.525 mg/qg)
Dexpanthenol quantitative content in
100.0 g of the cream (from 5.100to | 5,105+0,04 | 5,105+0,03 | 5,104+0,05 | 5,103+0,01 | 5,104+0,01 | 5,101+0,04
5.250 g)
Total viable aerobic microorganisms: less
than 102 CFU /g, total amount of yeast
and mold fungi less than 101 CFU /g, S. Corresponds
aureus, P. aeruginosa and Enterobacteri-
aceae bacteria are not allowed in 1 g
at a temperature (15+25) °C
Appearance White cream with a slight smell of citric acid
Homohenity Homogeneous content
Colloidal stability Stable
Thermal stability Stable
Identification: Silver ions (from 0.510 | 4 55, 901 |0,523+0,002(0,524+0,0010,523+0,001/0,523£0,001|0,522+0,002
to 0.525 mg/qg)
Dexpanthenol quantitative content in
100.0 g of the cream (from 5.100 to 5,104+0,02 | 5,105+0,03 | 5,102+0,01 | 5,101+0,02 | 5,102+0,03 | 5,101+0,04
5.250 g)
Total viable aerobic microorganisms:
less than 102 CFU /g, total amount of
yeast and mold fungi less than 101 Corresponds
CFU /g, S. aureus, P. aeruginosa and
Enterobacteriaceae bacteria are not
allowed in 1g

Note: P+95 %, n=5
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It should be noted that there are special require-
ments to VD for cows’ udder care, as follows: protection
the mammary ducts from pathogenic microorganisms
and favorable effect on the udder skin. Also, pH of the
drug has a particular importance. The Swedish company
DelLaval, which since 1883 has been working on the
problem of cows’ productive longevity, at development
of remedies for cattle’s udder care, pays close attention
to all factors that can affect the udder health [25]. Deter-
mination of the pH of the"Arghocid K" cream made it
possible to determine that, depending on the series, this

index is 6.3-7.0, which is consistent with the physiologi-
cal data on the pH of the skin of the animal's udder.

Determination of pH was carried out according to
the SPhU 1% Edition. Determination of pH of water ex-
tracts. 5.0 g of the cream (exact weight) was placed into a
100 ml chemical glass and dissolved in 50 ml of purified
water using glass stirring rod, then it was left for 10 mi-
nutes for insoluble components sedimentation, and after
that the pH of the obtained aqueous dispersion was de-
termined potentiometrically (SPhU 1% Edition, Supple-
ment 1 (2004), p. 2.2.3, p. 17).

Table 2

Results of stability testing of "Argocid K" cream during storage period in Aluminium tubes within 2 years and 3 months

Sample name acccording| Start of the

Storage period, months.

to the QCM experiment 6 | 12

18 | 24 | 27

at a temperature (8+15) °C

Appearance

White cream with a slight smell of citric acid

Homohenity

Homogeneous content

Colloidal stability

Stable

Thermal stability

Stable

Identification: Silver
ions (from 0.510 to
0.525 mg/q)

0.524+0.001 0.523+0.001

0.524+0.001

0.5234+0.001 | 0.523+0.001 | 0.522+0.002

Dexpanthenol quantita-
tive content in 100.0 g of
the cream (from 5.100 to

5.250 g)

5.105+0.04 5.105+0.03

5.104+0.05

5.103+0.01 5.104+0.01 5.101+0.04

Total viable aerobic
microorganisms: less
than 102 CFU /g, total
amount of yeast and
mold fungi less than 101
CFU /g, S. aureus, P.
aeruginosa and Entero-
bacteriaceae bacteria are
not allowed in 1g

Corresponds

at a temperature (15+25) °C

Appearance

White cream with a slight smell of citric acid

Homohenity

Homogeneous content

Colloidal stability

Stable

Thermal stability

Stable

Identification: Silver
ions (from 0.510 to
0.525 mg/g)

0.524+0.001 0.523+0.002

0.524+0.001

0.523+0.001 0.523+0.001 | 0.522+0.002

Dexpanthenol quantita-
tive content in 100.0 g of
the cream ( from 5.100
to 5.250 g)

5.104+0.02 5.105+0.03

5.102+0.01

5.101+0.02 5.102+0.03 5.101+0.04

Total viable aerobic
microorganisms: less
than 102 CFU /g, total
amount of yeast and
mold fungi less than 101
CFU /g, S. aureus, P.
aeruginosa and Entero-
bacteriaceae bacteria are
not allowed in 1g

Corresponds

Note: P+95 %, n=5

The container tightness was also determined by
the method of the SPhU 1% Edition, p. 511, by keeping
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the required number of tubes with cream (10) in a ther-
mostat at a temperature of 60+3 °C for 8 hours. The
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given test is due to the fact that the container's poor
tightness can lead to loss of the drug, its microbial con-
tamination, and also to the decrease of stability under the
influence of environmental factors on contents of the
container. The mass of the package content was deter-
mined in accordance with the method of the SPhU 1.1, p.
86. All tested samples of the veterinary cream "Argocid
K" met the requirements of the AND on the remedy.

The problem of soft dosage forms contamination
is extremely important. Even the presence in the VD of
substances having antimicrobial activity (silver citrate in
our case), can affect microorganisms. However, sub-
stances with antimicrobial activity do not always guaran-
tee the microbiological purity of drugs, which may be
due to the lack of self-sterilizing effect concerning mi-
croorganisms out of its specific action spectrum. Also,
auxiliary substances as a part of VD may cause contami-
nation. Herbal material is often the reason of microbial
contamination; synthetic substances are less contaminat-
ed with microorganisms, although there are very contam-
inated ones among them.

That is why the next stage of the experiment was
microbiological purity tests of veterinary cream "Argocid
K" samples. The study was carried out at the D. K. Zabo-
lotny Institute of Microbiology and Virology, NAS of
Ukraine (Consultant — Head of Department of Interferon
and Immunomodulators, NAS of Ukraine member,
M. Ya. Spivak) according to The SPhU 1st Edition,
2.6.12 and 2.6.13 (microbiological purity tests). The tests
were performed using the direct sowing method. The
sample mass was 10.0 g, dilution — 1:10. Assessment of
microbial contamination of test samples consisted of
determination of total aerobic bacteria and fungi in the
1.0 of the sample, as well as the absence of Enterobacte-
riaceae, Staphylococcus aureus and Pseudomonas aeru-
ginosa bacteria.

The results of microbiological studies have shown
that Enterobacteriaceae, Staphylococcus aureus and
Pseudomonas aeruginosa bacteria were not detected in
the "Arghocid K" samples during the observation period.
According to the microbial contamination degree, the
drug meets the SPhU 1% Edition requirements for topical
preparations.

For non-sterile VD, in addition to manufacturing
conditions, the main factor that provides microbiological
purity during production and storage period is antimicro-
bial preservatives efficiency. In accordance to the current
requirements at the registration stage of the drug, it is
necessary to provide experimental data confirming the
antimicrobial preservatives efficiency. Silver citrate, as a
component of "Argocid K" veterinary cream, is widely

used in Europe and the United States in the production of
cosmetic products [26]. Antimicrobial preservatives
efficiency tests were carried out in accordance with the
SPhU 1% Edition, 5.1.3. requirements. For this purpose,
standard nutrient media and the following test microor-
ganisms were used: Pseudomonas aeruginosa ATCC
9027, Staphylococcus aureus ATCC 6538, Candida albi-
cans ATCC 10231, and Aspergillus niger ATCC 16404.

The estimation criterion concerning preservatives
efficiency in the dosage form is reduction of the amount
of viable cells of test-microorganisms in the drug for a
certain period of time after its contamination. In accord-
ance with the SPhU requirements, the logarithm of re-
ducing the viable cells of bacteria amount in 14 days
should be more than three, and the number of viable cells
of bacteria should not increase in future; the logarithm of
reducing the viable fungi cells amount in 14 days should
be at least one, and the amount of viable fungi cells
should not increase in future.

According to preliminary studies, silver citrate, as
a component of the cream, inhibits the growth of micro-
organisms in the studied concentration [23]. There is no
need in additional antimicrobial preservatives for "Argo-
cid K" cream for cows’ udder.

7. Findings from the research and prospects of
further development of this area

1. Modern pharmaco-technological, physico-che-
mical, and microbiological methods were used for the
study that made it possible to estimate objectively sam-
ples of a veterinary drug codenamed "Argocid K".

2. In result of the study it was determined that or-
ganoleptic and physico-chemical properties (thermal and
colloidal stability) of the cream meet requirements of the
SPhU indexes both immediately after production, and
after all the shelf life in the aluminum tubes and orange
glass jars.

3. Quantitative determination of the active phar-
maceutical ingredients — silver citrate and dexpanthenol
in the cream composition was carried out. The obtained
data point to the drug stability within the whole storage
period.

4. Microbiological studies have shown that the
drug according to its microbial contamination level meets
the SPhU requirements for topical drugs.

5. The storage period was determined — 2 years
and 3 months. The obtained results make it possible to
predict the drug storage period within 2 years and
3 months at a temperature 8-25 °C and can be considered
at Draft quality control methods development for "Argo-
cid K" veterinary cream.
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