
227

Summary

The goal of the present study was to develop a new 
intramammary combination preparation for veterinary 
use based on silver citrate, arginine and dexpanthenol 
for the treatment and prophylaxis of subclinical mastitis 
in cattle. When creating combined medicines for 
veterinary use, attention must be paid to the factors that 
influence their stability in a combined presence, and the 
composition of drugs, as well as the technology for their 
preparation should be determined. In the current study, 
a qualitative and quantitative control of model mixtures 
of active ingredients, as well as of a silver citrate-based 
combined preparation was carried out. The following 
parameters that define intramammary drug stability 
were studied: clarity, pH, and the quantitative content 
of the active ingredient. Based on the experimental 
studies, optimal pH limits for a new preparation were 
determined ranging from 6.4 to 6.7. Considering the 
instability of solutions based on silver citrate, studies 
on the stabilization of the preparation were conducted at 
the obtained pH values. As the result, we used povidone, 
which possessed the stabilizing properties. The amount 
of arginine that provides the optimum pH level for the 
selected combination of active ingredients was also 
determined. In conclusion, the optimal composition of an 
intramammary preparation for veterinary medicine in 10 
ml ampoules with a shelf life of 6 months was developed.
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Souhrn

Cílem studie bylo vyvinout nový intramamární 
kombinovaný přípravek pro veterinární užití založený 
na citrátu stříbrném, argininu a dexpanthenolu pro léčbu 
a profylaxi subklinické mastitidy u skotu. Při vytváření 
kombinovaných léků pro veterinární užití musí být 
věnována pozornost faktorům ovlivňujícím jejich 
stabilitu v dané kombinaci, celkovému složení přípravku 
a technologii přípravy. V této studii byla provedena 
kvalitativní a kvantitativní kontrola modelových směsí 
účinných látek, stejně jako kombinovaného přípravku 
na bázi citrátu stříbrného. Byly studovány následující 
parametry definující stabilitu intramamarního přípravku: 
čirost, pH, kvantitativní obsah účinné složky. Na 
základě experimentálních studií byly pro nový přípravek 
stanoveny optimální limity pH v rozmezí od 6,4 do 6,7, 
při kterých jsou roztoky založené na citrátu stříbrném 
stabilní. Z tohoto důvodu byly studie stabilizace přípravku 
provedeny při daných hodnotách pH. Stabilitu přípravku 
se podařilo dosáhnout použitím povidonu, který vykazuje 
stabilizační vlastnosti. Bylo stanoveno množství argininu, 
které poskytuje optimální hladinu pH pro zvolenou 
kombinaci účinných složek. Závěrem lze říci, že bylo 
vyvinuto optimální složení intramamarního přípravku pro 
použití v oblasti veterinárního lékařství adjustovaného v 
10 ml ampulích s dobou použitelnosti 6 měsíců.
Klíčová slova: citrát stříbra • arginin • dexpanthenol • 
intramamární léková forma • stabilita

Introduction 

Bovine mastitis is an important animal production 
disease that affects the dairy industry globally1). The dairy 
industry has undergone substantial structural changes as 
intensive farming has developed during recent decades. 
Nevertheless, mastitis continues to be the most common 
production disease of dairy cows not only in the African 
states with developing economics, but also in Europe2). 
This problem had also affected Ukraine. Mastitis is an 
inflammation of the mammary gland which develops 
as a consequence of mechanical, thermal, chemical, or 
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stimulates reparative processes in the wound and skin10, 11).
Arginine is an aliphatic amino acid, which is considered 
to be conditionally indispensable. To date, it has been 
proven that L-arginine has a bactericidal effect and 
affects the process of normal healing of various wounds. 
This is due to the exceptional role of L-arginine as the 
only endogenous source of nitric oxide (NO), one of the 
most important signalling molecules of all body tissues. 
The transformation of L-arginine in the body occurs with 
the participation of two basic enzymes: NO-synthase, 
which leads to the formation of NO, and arginase, which 
involves the formation of L-proline, a substrate for the 
synthesis of collagen in tissues, necessary for normal 
regeneration of body tissues12, 13).
Dexpanthenol (vitamin B5) is converted into the body into 
pantothenic acid which is an integral part of coenzyme 
A (CoA), and participates in the processes of acetylation, 
carbohydrates and fats metabolism, in the synthesis of 
acetylcholine, corticosteroids, porphyrins, stimulates the 
restoration of skin and mucous membranes, normalizes 
cellular metabolism, accelerates mitosis and increases 
the strength of collagen fibres. Dexpanthenol-containing 
preparations have a regenerative, metabolic and a weak 
anti-inflammatory effect14).
Combined drugs are fixed combinations of active 
substances. The pharmacological effects of these 
active substances mutually complement each other; the 
spectrum of their synergistic effect will potentially lead 
to a wide range of indications for use15). 
The aim of the current study was to develop 
a combined veterinary preparation for intramammary 
use containing silver citrate, dexpantenol and arginine 
for the treatment and prophylaxis of subclinical 
mastitis in cattle.

Experimental part

Materials 
As the study objects, batches of preparation with different 
formulations were poured into glass ampoules made 

biological factors. This is the most prevalent disease 
in cows and one of the most complicated problems 
in veterinary medicine. This disease should be also 
considered as an economic factor which decreases 
the efficiency of dairying and as a social problem 
(consumption of milk and dairy products obtained from 
cows with mastitis creates a hazard for human health, 
particularly in children)3, 4).
Etiological agents of mastitis in cows are predominantly 
antibiotic-resistant bacteria, so the use of antibiotics in the 
treatment of animals would not always lead to a positive 
result5). Timely diagnostics and investigation of the 
cause of the spread of mastitis in the herd plays special 
significance in the treatment of cows with subclinical 
forms of mastitis. The development of effective methods 
of treatment, prophylaxis, as well as performing adequate 
measures would prevent complications of inflammatory 
processes in the udder and their transition into more 
complicated forms6).
Despite the advances of modern science and practice in 
the diagnostics, treatment, and prophylaxis of subclinical 
mastitis, pharmaceutical development of veterinary anti-
mastitis preparations without using antibiotics, remains 
a challenge.
The antimicrobial activity of the silver ions was first 
identified in the 19th century, and colloidal silver was 
accepted by the US Food and Drug Administration 
(FDA) as an effective agent for wound management in the 
1920s. However, after the introduction of penicillin in the 
1940s, antibiotics had become the standard treatment for 
bacterial infections and the use of silver was diminished7, 

8). Nowadays silver is a well-known disinfectant that is 
widely used in the treatment of clinical disease. Silver 
ions may be a potentially beneficial treatment against 
bovine mastitis, particularly in cases induced by S. 
aureus9).
Silver citrate has a wide spectrum of antimicrobial activity 
against gram-positive and gram-negative, aerobic and 
anaerobic, spore-forming and asporogenous bacteria, 
has a well-pronounced anti-inflammatory effect, and 

Sample
Concentration (%)

Silver citrate Dexpanthenol Arginine Povidone Water for injection
1 0.1 5.0 4.25 –

up to 10 ml

1A 0.1 5.0 2.5 –
2A 0.1 5.0 3.5 –
3A 0.1 5.0 4.5 –
4A 0.1 5.0 5.0 –
5A 0.1 5.0 5.2 –
6A 0.1 5.0 5.5 –
7A 0.1 5.0 6.0 –
1P 0.1 5.0 5.0 5.0
2P 0.1 5.0 5.2 10.0
3P 0.1 5.0 5.5 15.0

Table 1. The composition of model solution mixtures
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Methods
The obtained samples were studied according to the 
following parameters: appearance, degree of clarity, 
quantitative content of active substances, and pH 
according to the methods specified in the European 
Pharmacopoeia16). 
Quantitative assay of silver ions in the veterinary 
preparation was performed by the thiocyanometric 
method. Quantitative assay of arginine and dexpanthenol 
was performed by the method of liquid chromathography 
Eur. Ph. 8th ed. «2.2.29. Liquid chromatography». 
Potentiometric determination of pH of the samples 
was performed according to Eur. Ph. 8th ed., 2.2.3 
«Potentiometric determination of pH». The pH 
measurements were performed using a pH-meter 
«Seven Easy pH» with a set of electrodes manufactured 
by «Mettler Toledo» (China). All measurements were 
performed in the range of temperatures from 20 °С to 25 
°С. The pH-meter was calibrated using reference buffer 
solutions. 
The clarity of preparation was determined according to 
the method Eur. Ph. 8th ed. «2.2.1. Clarity and degree of 
opalescence of liquids».

Results and discussion

In developing combined intramammary medicines for 
veterinary use, a special attention was paid to the factors 
that affect stability of active ingredients when they were 
combined together. Such factors as physical and chemical 
properties of the active ingredients and excipients, their 
quantitative amounts, as well as possible chemical 
interactions between them, were also considered. 
In our experimental study, physicochemical properties 
of solutions containing silver citrate, arginine, and 
dexpanthenol in the form of a new antimicrobial 

of Soda Lime Silica glass (Shandong Pharmaceutical 
Glass Co., Ltd., China) to a volume of 10 ml under the 
aseptic conditions of the scientific research laboratory 
of parenteral an oral liquid medicinal products of the 
National University of Pharmacy (Kharkiv, Ukraine). 
The following active substances were used: silver citrate 
(manufacturer: “Nanomaterials and nanotechnologies”, 
LLC, Kyiv, Ukraine); D-Pantenol USP (BASF, 
Germany); L-arginine hydrochloride (Tianjin Tiyanyan 
Pharmaceutical Co. Ltd., China); excipients: stabilizer: 
Povidone 8000 (Zhangzhou HuaFu Chemical Co., Ltd., 
China); solvent: water for injections. 

Production of combined veterinary preparation for 
intramammary use
Preparation of a silver citrate-based solution for 
intramammary administration was performed in 
a laboratory reactor with a built-in homogenizer 
(manufacturer: Ukraine). Silver citrate was loaded into 
the reactor, and then the water with the temperature of 20 
± 5 °С was added. Then the following substances were 
loaded stepwise within 10–20 min of mixing: arginine, 
dexpanthenol, povidone. The obtained solution was 
diluted to the required volume with water for injections. 
The solution was then stirred within 10–15 min. 
Percentage (w/w) of the excipients of model solution 
mixtures are summarized in Table 1.
Consequently, a sample was collected from each 
prepared solution in order to verify the quantitative 
content of active pharmaceutical ingredients and pH 
value according to the developed project of analytical 
documentation for the veterinary preparation. Then the 
solution was filtered using an Ultipor N 66 filter (Pall, 
Germany). Filtered solution was evaluated for the degree 
of clarity. Then filling and sealing of ampoules were 
performed using a laboratory filling and sealing machine 
Cadmach KAF 08 (Cadmach, India).

Table 2. Particular quality parameters of silver citrate, arginine, and dexpanthenol solutions, respectively

Table 3. The study of particular quality parameters of sample 1 under different temperature conditions

Ingredients Concentration (%) pH of solution Appearance
silver citrate 0.1 2.5 ± 0.04 clear colourless liquid
dexpanthenol 5.0 10.5 ± 0.02 clear colourless liquid
arginine 4.25 9.3 ± 0.02 clear colourless liquid

Р ± 95%, n = 5

Р ± 95%, n = 5

Temperature 
conditions pH Appearance 

The quantitative content (%)
Silver ions (not less 

than 0.090)
Arginine Dexpanthenol

normal conditions 6.37 ± 0.01 clear colourless 
liquid 0.099 ± 0.001 4.25 ± 0.02 4.97 ± 0.03

heated within 1h in 
a boiling bath 6.34 ± 0.02 solution with 

a greyish hue 0.087 ± 0.002 4.24 ± 0.01 4.52 ± 0.02

sterilization 120 °C 15 
minutes 6.33 ± 0.01 solution with

a greyish hue 0.086 ± 0.001 4.23 ± 0.02 4.47 ± 0.01
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healthy cows and would be optimal for intramammary 
administration19).
Arginine is resistant to temperature effects, while the 
solution of silver citrate is not recommended to be 
heated to a temperature above 50 °C, and dexpanthenol 
can undergo destructive changes under the influence 
of temperature to form an impurity of dexpanthenol-3-
aminopropanol. It is possible to reduce the formation of 
impurities by producing the preparation under aseptic 
conditions (excluding thermal sterilization), using a set 
of excipients of various chemical nature that will ensure 
the stability of the solution of the active substances, as 
well as to provide the appropriate storage conditions for 
the preparation at a temperature not higher than 25 °C. 
Firstly, the pH of solutions of each ingredient were 
measured and their appearance was evaluated (Table 2). 
Both solutions of dexpanthenol and arginine, 
respectively, exhibited alkaline pH values, and the pH of 

composition for veterinary use were studied. The mode 
of behaviour of these substances in solutions was 
subsequently taken into account in the development 
of the combined preparation. Based on our previous 
findings, 1% solution of silver citrate was determined 
to be stable in solutions with a pH below 7.0. Stability 
of silver citrate depends on the pH of the used medium, 
temperature, and presence of air oxygen17). The preferred 
pH of the medium for arginine was 6.0–7.018).
Dexpanthenol belongs to the group of organic alcohols 
and the pH of its 5% solution ranges from 9.0 to 10.5, but 
it is also stable in slightly acidic solutions. Therefore, 
it can be assumed that the new veterinary preparation 
can include all these active pharmaceutical ingredients 
if neutral or slightly acidic pH level is maintained. 
Thus, the optimal pH level for this combination of 
substances ranges between 6.4 and 6.7. In our opinion, 
such pH level corresponds with the pH of milk from 

Sample
Arginine

concentration 
%

Quality indicators

pH of 
solution Appearance

The quantitative content (%)

Silver ions (not 
less than 0.090)

Arginine Dexpanthenol

1A 2.5 4.00 ± 0.02 clear colourless liquid 0.098 ± 0.001 2.50 ± 0.01 5.00 ± 0.01
2A 3.5 4.50 ± 0.03 clear colourless liquid 0.097 ± 0.002 3.50 ± 0.03 5.10 ± 0.01
3A 4.5 5.00 ± 0.01 clear colourless liquid 0.097 ± 0.001 4.49 ± 0.01 4.99 ± 0.02
4A 5.0 6.39 ± 0.02 clear colourless liquid 0.098 ± 0.001 4.98 ± 0.02 5.00 ± 0.03
5A 5.2 6.67 ± 0.02 clear colourless liquid 0.096 ± 0.003 5.18 ± 0.02 5.01 ± 0.02
6A 5.5 6.70 ± 0.01 clear colourless liquid 0.097 ± 0.001 5.50 ± 0.01 4.98 ± 0.03

7A 6.0 7.20 ± 0.01 suspension
does not comply 0.083 ± 0.002 5.98 ± 0.02 5.00 ± 0.01

Р ± 95%, n = 5

Р ± 95%, n = 5
* initial data

Table 4. Dependence of the quality of the solution on the basis of silver citrate on the arginine concentration 

Sample Duration 
of storage

Quality indicators

Appearance рН
The quantitative content (%)

Silver ions Arginine Dexpanthenol

4A

0* clear colourless liquid 6.38 ± 0.02 0.098 ± 0.001 4.98 ± 0.02 5.00 ± 0.03
15 days clear colourless liquid 6.39 ± 0.01 0.097 ± 0.002 4.99 ± 0.01 5.01 ± 0.01

30 days suspension –
does not comply 6.39 ± 0.01 0.082 ± 0.003 4.98 ± 0.02 5.00 ± 0.02

5A
0* clear colourless liquid 6.67 ± 0.02 0.096 ± 0.003 5.18 ± 0.01 5.01 ± 0.02

15 days clear colourless liquid 6.68 ± 0.01 0.096 ± 0.002 5.18 ± 0.02 5.02 ± 0.01

30 days suspension
does not comply 6.67 ± 0.02 0.084 ± 0.001 5.18 ± 0.01 5.01 ± 0.01

6A
0* clear colourless liquid 6.70 ± 0.01 0.097 ± 0.001 5.50 ± 0.01 4.98 ± 0.03

15 days clear colourless liquid 6.69 ± 0.02 0.096 ± 0.002 5.49 ± 0.02 4.97 ± 0.04

30 days suspension,
does not comply 6.69 ± 0.03 0.083 ± 0.001 5.50 ± 0.01 4.98 ± 0.02

Table 5. The influence of duration of storage on stability of experimental samples 
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and the quantitative content of silver ions, this sample 
was below the defined limit.
The use of solutions with a pH below 5.0 for the drug 
development is not recommended because this range 
significantly differs from the pH of milk and can 
cause undesirable reactions following intramammary 
administration. For this reason, samples 1A–3A were 
excluded. From tested samples, only samples 4A, 5A, 
6A were considered as optimal due to the pH ranging 
between 6.4–6.7.
Thus, the model solutions 4A–6A were filtered through 
the membrane filters Ultipor N 66 into ampoules 
under the aseptic conditions for analysis and stability 
monitoring. The results of the studies are presented in 
Table 5.
The use of arginine in the preparation of silver citrate-
based solutions with a pH of 6.4–6.7 made it possible 
to obtain solutions that were stable for at least 15 days. 
After 30 days, creation of a suspension with a slightly 
greyish colour and a significantly lower content of silver 
ions was observed.
Thus, maintaining a certain pH level of the solution was 
not effective enough to prevent the instability of silver 
citrate in the medicinal form for 30 days, so the purpose 
of further studies was to select excipients to increase the 
stability of the solution and, consequently, increase the 
shelf-life of the drug.
A wide range of compounds such as sodium dodecyl 
sulfate, polyvinyl alcohol, povidone, starch, gelatine 
and other low-molecular weight and polymer products 
of natural and artificial origin are used as stabilizing 
agents (stabilizers) maintaining the stability and high 
bactericidal activity of the silver citrate solution20, 21).

Considering the instability of solutions based on silver 
citrate, studies on the stabilization of the preparation 
were conducted at the obtained pH values. In this case, 
povidone exhibiting stabilizing properties in solutions 
was used (samples 1P, 2P, 3P). The results of studies for 

a 0.1% solution of silver citrate was in the acidic range. 
In addition, the solutions of all ingredients are clear and 
colourless liquids. 
In order to confirm the compatibility of silver citrate, 
dexpanthenol and arginine co-presence in solution, 
model mixtures of these substances were prepared at the 
selected concentrations (Table 3). The quality parameters 
of sample 1 were evaluated under different temperature 
conditions. 
Based on the data from Table 3, there was no interaction 
between the substances under normal conditions. When 
the mixture was heated in a water-bath within 1 hour 
and after the sterilization under 120 °C for 15 minutes, 
a colour change of the solution was observed, greyish 
colour appeared, and a suspension was formed. The 
quantitative content of silver ions and dexpanthenol 
was below the defined limit under these conditions. This 
can be explained by the instability of a 0.1% solution of 
silver citrate and dexpanthenol when they are combined 
with arginine under the influence of high temperature. 
Therefore, the purpose of our further research was to select 
the optimal pH for the above-mentioned combination of 
active ingredients and the conditions for carrying out the 
technological process (excluding thermal sterilization) 
with the use of a set of auxiliary substances of different 
chemical nature and functions. 
Based on the experimental studies, the optimal pH for 
a combined preparation based on silver citrate was 
determined in the range from 6.0 to 7.0. Therefore, 
arginine (also the active substance of this preparation) in 
various concentrations was used in order to reduce the 
pH of a 0.1% solution of silver citrate.
Quality parameters of samples 1A–7A with different 
content of arginine were studied and presented in Table 4.
As a result of the conducted studies it was found that 
the sample 7A with pH 7.20 did not comply with the 
requirements of the analytical project documentation for 
the preparation. In terms of the “Appearance” parameter 

Sample Duration 
of storage

Quality parameters

Appearance** Transparency рН

The quantitative content (%)

Silver ions Arginine Dex- 
-panthenol

1P

0* complies transparent 6.49 ± 0.02 0.098 ± 0.001 4.99 ± 0.01 4.99 ± 0.01
3 months does not comply suspension 6.48 ± 0.01 0,084 ± 0.003 4.98 ± 0.01 4.97 ± 0.03
6 months does not comply suspension 6.49 ± 0.02 0.081 ± 0.002 4.97 ± 0.02 4.97 ± 0.02

2P
0* complies transparent 6,53 ± 0.02 0.096 ± 0.003 5.20 ± 0.01 4.99 ± 0.01

3 months complies transparent 6.52 ± 0.03 0.098 ± 0.001 5.18 ± 0.02 4.97 ± 0.03
6 months does not comply suspension 6.53 ± 0.02 0.083 ± 0.001 5.19 ± 0.01 4.98 ± 0.02

3P
0* complies transparent 6.56 ± 0.03 0.099 ± 0.001 5.50 ± 0.01 5.01 ± 0.01

3 months complies transparent 6.55 ± 0.02 0.098 ± 0.002 5.49 ± 0.02 4.99 ± 0.01
6 months complies transparent 6.54 ± 0.03 0.099 ± 0.001 5.50 ± 0.01 4.97 ± 0.02

Table 6. Dependence of the quality parameters of solutions on the amount of povidone during storage

Р ± 95%, n = 5
* initial data, ** required clear liquid of light yellow colour
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the selection of the optimal quantities of povidone are 
presented in Table 6.
It can be seen from the data in Table 6 that the use of 
povidone at a concentration of 15% (sample 3P) ensured 
a possibility of obtaining transparent colourless solutions 
with a pH of 6.5, with an acceptable level of a quantitative 
content of active substances. Solutions prepared with 
a 5% and a 10% povidone content (samples 1P and 2P) 
had a greyish colour and did not meet the requirements 
for the clarity and quantitative content of silver ions, the 
suspension appearing in sample 1P after 3 months and in 
sample 2P after 6 months of storage. 
It can be concluded from the obtained results that 
povidone in an amount of 15% ensured the stability of the 
above-mentioned composition of the combined medicinal 
product for veterinary medicine during the storage for 
6 months in ampoules. The optimal formulation for 
intramammary application was developed and allowed 
us to propose the following antimicrobial combination 
medicines for veterinary use, with a shelf life of 6 months 
(sample 3P).

Conclusions

In this experimental study, the properties of the active 
ingredient solutions (silver citrate, arginine and 
dexpanthenol, respectively) were investigated. Possible 
causes of their instability in the case of their co-presence 
in solution were determined. Theoretical and experimental 
studies of their compatibility in the intramammary dosage 
form for veterinary use was carried out. The amount of 
arginine providing the optimal pH level for the selected 
combination of active ingredients was revealed. The 
optimal composition had the following formulation (in % 
w/v): silver citrate – 0.1; dexpanthenol – 5; arginine – 5.5; 
povidone – 15.0; water for injection – up to 10 ml. Thus, 
the optimal composition of an intramammary preparation 
for veterinary medicine in 10 ml ampoules, with a shelf 
life of 6 months was developed.
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