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ABSTRACT

Objective: The	objective	of	this	study	was	to	investigate	the	efficacy	of	newly	developed	multi-
component	ear	drops	for	the	treatment	of	otitis	caused	by	parasites,	bacteria,	and	fungi	in	dogs,	
cats,	ferrets,	fancy	rabbits,	and	foxes.
Materials and Methods:	A	new	drug	for	veterinary	use	was	developed	that	contained	levofloxacin	
hemihydrate	 (0.3%),	 clotrimazole	 (0.1%),	 dexamethasone	 sodium	phosphate	 (0.1%),	 and	mox-
idectin	(0.01%).	In	the	initial	stage	of	otoacariasis	(or	the	ear	form	of	psoroptic	scab),	the	drug	was	
used	twice	with	an	interval	of	5–7	days.	When	otoacariasis	(psoroptic	scab)	was	complicated	by	
otitis	of	bacterial	and/or	fungal	etiology,	the	drug	was	used	as	follows:	instilled	once	a	day,	within	
10–14	days	in	the	ear	canal	for	2–5	drops	of	the	drug.	The	study	of	therapeutic	efficacy	was	per-
formed	on	cats,	dogs,	ferrets,	foxes,	and	fancy	rabbits	with	ear	pathology.
Results:	The	recovery	of	cats,	ferrets,	dogs,	and	foxes	after	the	double	use	of	ear	drops	during	
otoacariasis	was	established.	In	the	ear	form	of	psoroptic	scab	in	fancy	rabbits	after	treatment,	
Psoroptes cuniculi	mites	were	not	detected.	The	specific	(antimicrobial	and	antifungal)	activity	of	
the	drug	was	confirmed	in vivo	using	the	following	scheme	of	drug	use:	the	drug	was	instilled	once	
a	day,	within	10–14	days	in	the	ear	canal,	2–5	drops	of	the	drug	in	animals	with	external	otitis	and	
otitis	media.
Conclusion: The	rational	combination	of	active	components	developed	in	this	study	is	effective	
and	safe	for	use	in	animals	with	microbial	diseases	of	the	ears.
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Introduction

One of the most common parasitic diseases in domes-
tic animals is otoacariasis [1–5]. The pathogen of oto-
acariasis – Otodectes cynotis – causes inflammation and 
disrupts the functioning of the ceruminous glands. In 
addition, due to the parasitizing of O. cynotis, the host 
may have an allergic reaction. Mites may cause sensiti-
zation of the host to their salivary antigens. It is known 
that the disease is often complicated by the secondary 
microflora. Parasitizing of ear mites often leads to exces-
sive growth of opportunistic microflora and fungi of the 
genus Candida and Malassesia [6,7]; therefore, a com-
plicated form of otodecosis should be considered as an 
associative disease, the primary cause of which are mites  
O. cynotis and secondary are pathogenic and opportunis-
tic bacteria and fungi [8]. 

In this regard, an integrated approach to therapy is 
necessary for the successful treatment of the disease with 
different etiologies. The finished dosage forms should con-
tain, if possible, active components providing a compre-
hensive effect on the pathological focus while minimizing 
the number of injections of various drugs and the time 
spent by veterinary specialists on additional treatments 
[9]. Therefore, it is necessary to introduce products that 
are complex and safe in their medicinal composition, and 
are user-friendly and multi-faceted in their pharmacolog-
ical action [10,11]. The causes of otitis in animals mainly 
come down to three main agents: parasitic, bacterial, and 
fungal [12–19]. Therefore, the use of ear drops with a sin-
gle-component composition – acaricide or antibiotic or 
antimycotic – is impractical and allows veterinarians to 
create a combined drug with polytropic action.
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The German company Neoterica GmbH jointly and 
on the basis of CJSC Scientific Research and Production 
Company Ekoprom developed a drug formulation for vet-
erinary use (levofloxacin hemihydrate, 0.3%; clotrimazole, 
0.1%; dexamethasone sodium phosphate, 0.1%; moxidec-
tin, 0.01%; and excipients) [20]. The combination of active 
ingredients and excipients is presented in the form of ear 
drops. The choice of the dosage form is associated with the 
possibility of rapid and free penetration of the drug into 
hard-to-reach places with otitis media of various localiza-
tion. When auricular use is applied, the optimal concen-
tration of the drug in the focus of inflammation achieves. 
Systemic absorption of active components of the drug 
(levofloxacin, clotrimazole, moxidectin and dexametha-
sone) is very low, and the drug is practically not absorbed 
and does not enter the systemic blood.

In a previous report [21], the need for treatment of 
secondary bacterial and/or fungal otitis after the use of 
macrocyclic lactones in mono mode for parasitic otitis is 
noted. This drug contains clotrimazole, which has a pro-
nounced fungicidal action [22]. Clotrimazole (imidazole 
derivative) is a broad-spectrum antifungal agent for topi-
cal use [23]. The antifungal effect of clotrimazole is associ-
ated with disturbances in ergosterol synthesis forming the 
cell membrane of fungi, which leads to the changings in the 
membrane permeability and causes cell lysis. Clotrimazole 
is active against Aspergillus niger, Microsporum spp., 
Trichophyton spp., Candida spp., and Malassezia pachyder-
matis. Clotrimazole is practically not absorbed through 
intact and inflamed skin [24,25].

The drug includes an antibiotic – levofloxacin. 
Levofloxacin is a compound of the fluoroquinolone group 
and has a broad spectrum of antibacterial action against 
gram-positive and gram-negative bacteria, including 
Staphylococcus spp., Streptococcus spp., Pseudomonas spp., 
Escherichia coli, Proteus mirabilis, P. vulgaris, P. mirabi-
lis, Staphylococcus spp., Mycoplasma spp., and Chlamydia 
spp. It blocks bacterial topoisomerase IV and DNA-gyrase 
(topoisomerase II) – enzymes that are necessary for rep-
lication, transcription, repair and recombination of DNA, 
and causes profound morphological changes in the cyto-
plasm, cell wall, and membrane of bacteria [26]. The use of 
this fluoroquinolone is associated with the risk of damage 
to animal cartilage growth points in this regard, so its use 
is limited in dogs and cats under the age of 4 months [27].

The dexamethasone sodium phosphate which is a 
part of drops of ear causes anti-inflammatory effect. 
Dexamethasone is a synthetic glucocorticoid, mainly used 
as an anti-inflammatory and immunosuppressive agent. It 
can inhibit allergic reactions, both immediate and delayed-
type. When locally applied, the therapeutic activity of 
dexamethasone is due to anti-inflammatory, anti-allergic, 
and anti-proliferative effects. Dexamethasone reduces 

capillary permeability and proliferation, local exudation, 
cell infiltration, and phagocytic activity; inhibits the for-
mation of scar tissue; and helps to eliminate itching [28].

Moxidectin has a stimulating effect on the secretion of 
gamma-aminobutyric acid and causes a violation of muscle 
innervation, paralysis, and ectoparasite death by binding 
to postsynaptic receptors. It should be noted that a high 
therapeutic effect of the use of drugs based on moxidectin 
in the treatment of ectoparasitosis of domestic animals has 
been established [29,30]. 

The drug according to the level of exposure belongs to 
low-hazard substances (hazard class 4 according to GOST 
12.1.007-76 Occupational Safety Standards System (OSSS). 
Harmful substances. Classification and general safety 
requirements (with Amendments N 1, 2)) [31] do not have 
a local irritating and skin resorptive action.

Efficacy study of each new drug for veterinary use is 
an essential condition. The drug efficacy is a measure of 
the degree of their positive effect on the course of the dis-
ease. Therapeutic efficacy studies of new drugs allow us 
to assess possible risk versus predicted benefit for tar-
get animals (e.g., dogs and cats). The conducted studies 
allow us to characterize the specific activity of the drug, 
its features and advantages as compared to previously 
known and well-studied drugs of a similar type of action. 
Furthermore, these studies confirm the safety of new 
drugs. Thus, therapeutic efficacy studies of new veterinary 
drugs are an integral part of the practical effectiveness, tol-
erability, and safety of using new pharmacological combi-
nations in veterinary practice. The objective of this study 
to assess the efficacy of new multicomponent ear drops for 
otitis of parasitic, bacterial, and fungal origin in dogs, cats, 
ferrets, fancy rabbits, and foxes.

Materials and Methods

Ethical approval 

The study of the efficacy of the drug was approved at the 
meeting of the Scientific Council of the Federal Scientific 
Center (No. 2019/04/FSC VIEV RAS). The research work 
was carried out in accordance with the legislation of the 
Russian Federation [32] and international standards [33].

The study of the acaricidal activity of the drug against 
scabies ticks in vitro

The acaricidal activity of the drug was studied on 630 iso-
lated P. cuniculi ticks. The experiments were carried out 
according to the method proposed by Strinadkin et al. [34] 
In the central part of white tissues, 9 × 9 or 10 × 10 cm in 
size, 30 ticks in the adult or nymph phase were placed. The 
tissue was placed in a Petri dish, the test liquid (0.0001%; 
0.001%; 0.01%; 0.05%; 0.1%; and 0.2% concentration of 
moxidectin in the preparation) was applied dropwise to 
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it in a volume of 1–1.5 ml and left at room temperature 
(+18–20°C). After 24, 48, and 72 h, the state of ticks was 
determined. The experiments were performed in tripli-
cate. Each experiment was accompanied by control.

Ticks were considered dead when they completely 
had no response to light, thermal stimuli; paralyzed ones 
were incapable of movement, but with a response. A light 
microscope was used for evaluating the activity of ticks. 
To activate ticks before and after drug effect, a heat source 
“Sterilizer with a thermostat for determining the viability 
of sarcoptoid ticks” was used.

Determination of antimicrobial and antifungal activity of 
the drug in vitro

To study bactericidal activity, E. coli (stamp 1257), S. aureus 
(stamp 906), and Pseudomonas aeruginosa (strain ATCC 
27853) were used as test microorganisms. They are culti-
vated on the following nutrient media: Escherichia coli – on 
Endo agar at 35.0-37.0°C for 24 h, Staphylococcus aureus 
– on casein broth at 32.5±2.5°C for 18-24 h, Pseudomonas 
aeruginosa – on meat-peptone mug with the addition of 
40% solution of  glucose at 37°C for 18–24 h.

Antimicrobial activity was studied by a suspension 
method. About 4.5 ml of the solution was poured into ster-
ile tubes into which 0.5 suspensions of test microorgan-
isms or a broth culture containing 1 × 109 c/ml were added 
and thoroughly mixed. At certain time intervals (5 min), 
0.5 suspensions of the “test microorganism + model sam-
ple” are added to a test tube with 4.5 ml of sterile water, 
after which 0.1 ml of this sample is added to test tubes with 
5 ml of liquid and to the surface solid nutrient medium. 
In control experiments, sterile water is used instead of the 
model sample.

The results of the experiment were evaluated by the 
presence or absence of the growth of microorganisms in 
liquid and solid nutrient media. The comparison is carried 
out with the control of the experience, which is the sowing 
of test microorganisms in a nutrient medium without add-
ing a model sample.

In the study of the fungicidal activity of model samples, 
fungal cultures are used as test microorganisms: C. albi-
cans (strain 15) – to evaluate fungicidal activity against 
fungi of the genus Candida; Trichophyton gyrseum (mus. 
Strain NIID) – to evaluate fungicidal activity against fungi 
of the genus Trichophyton; and Malassezia sp. (strain 
14/13) – to assess fungicidal activity against fungi of the 
genus Malassezia.

The conditions for the cultivation of test mushrooms. 
They cultivate on the following nutrient media: C. albicans 
– on Saburo broth, Sabar agar at a temperature of 27°C for 
2–10 days; T. gyrseum – on Saburo broth, Sabar agar at a 
temperature of 27°C for 28 days; and Malassezia sp. – on 

Saburo broth with the addition of olive oil at a temperature 
of 36°C for 24–48 h however, in some cases, malassezia 
growth can be observed only on 3–4 days.

The fungicidal activity was studied by a suspension 
method. Each solution in an amount of 4.5 ml was poured 
into sterile tubes into which 0.5 suspension of test mush-
room containing 1 × 109 CFU / ml was added and thor-
oughly mixed. At certain time intervals (15 min), 0.5 
suspension of “test mushroom + model sample” is added 
to a test tube with 4.5 ml of sterile water, then 0.1 ml of 
this sample is placed in test tubes with 5 ml of liquid and 
onto the surface solid nutrient medium. In control experi-
ments, sterile water is used instead of model samples. The 
incubation temperature of crops in the thermostat and the 
timing of the results of the experiment depend on the type 
of mushroom. The results of the experiment were evalu-
ated by the presence or absence of fungal growth in liquid 
and solid nutrient media. The comparison is carried out 
with the control of the experience, which is the sowing of 
the test mushroom in a nutrient medium without adding a 
model sample.

Dosing schedule, method of administration, and use of the 
drug 

The drug for veterinary use contains active ingredients 
such as levofloxacin hemihydrate, 0.3%; clotrimazole, 
0.1%; dexamethasone sodium phosphate, 0.1%; moxidec-
tin, 0.01%; and excipients: dimethyl sulfoxide, tween-80, 
and polyethylene glycol (PEG 400). 

In the initial stage of otoacariasis (or the ear form of 
psoroptic scab), the drug is used twice at an interval of 5–7 
days. The external auditory meatus is cleaned from scabs 
and crusts, then two to five drops of the preparation are 
instilled into each ear (for cats, small dogs, ferrets, and 
rabbits, two to three drops; for medium dogs and foxes, 
four drops; for large dogs, five drops). The auricle is folded 
along in half, and its base is massaged. If the animal shakes 
its head after using the drug, it is necessary to fix the head 
for several minutes to prevent the splashing of preparation. 
The drug must be injected into both ears, even if clinical 
signs of disease are detected in only one ear. If otoacariasis 
(psoroptic scab) is complicated by otitis media of bacterial 
and/or fungal etiology, the drug was used as follows: 2–5 
drops of the drug were instilled once a day within 10–14 
days into the ear canal.

All animals were kept in standard conditions at full 
feeding, under optimal care [35]. They did not receive local 
and systemic therapy with antibiotics, antimycotics, corti-
costeroids for 30 days prior to testing. Animals with perfo-
rated eardrums were not included.

Inspection of animals with ear pathology: assessment 
of the head position in space; palpation of the ear and 
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lymph nodes near the ear canal; the presence of excretion, 
odor from the external auditory canal, hearing screening 
in an animal. Examination with an otoscope: holding an 
inspection of the vertical and horizontal channels, check-
ing the integrity of the eardrum. During the treatment of 
animals with ear pathology, there was no increase in total 
body temperature.

Experimental groups 

The diagnosis was made comprehensively, based on anam-
nesis, epizootological data, clinical signs, otoscopy, and 
laboratory tests (microbiological examination of swabs 
from the auditory canals and/or acarological examination 
of the contents of the auditory canals).

The preparations (smears from the ear canal) were 
initially stained with Diff-Quik® stain. The obtained mate-
rial was fixed by heating above the burner flame. The fin-
ished preparations were evaluated under an ×100 lens 
(under immersion) using a Zeiss light microscope with 
an AxioCamHRc camera. Examples of smear assessment 
results are presented in Figure 1.

The study of the antimicrobial and antifungal activity 
of the drug was carried out on the basis of veterinary clin-
ics in Moscow and the Moscow region in accordance with 

regulatory documents [36,37]. The scrapings were taken 
from the inner surface of the auricle using a sterile cotton 
probe-tampon of the transport system, intensively rotating 
it in the ear canal. 

Acarological examination of the auditory meatuses 
was performed using a light microscope with an abiotic 
method of research: the particles of the tested material 
were transferred onto a glass slide, filled with some few 
drops of kerosene, covered with another glass slide, and 
examined (A.M. Priselkova’s method).

The first group with a diagnosis of otoacariasis included 
8 dogs, 28 cats, 25 foxes, and 13 ferrets and the second 
group included 27 rabbits diagnosed with ear psoroptic 
scab. 32 cats, 27 dogs, 8 rabbits, 6 ferrets, and 8 foxes of 
different breeds and ages had a diagnosis of otitis of bac-
terial and/or fungal etiology and were selected for the 
experiment. 

Result and Discussion

Evaluation of the efficacy of an acaricidal agent against 
scabies mites in vitro

Acaricidal activity of the drug was studied by conven-
tional methods on isolated ticks. The results of the study 

Figure 1. (A) Mallasezia spp., (B) Staphylococcus spp., (C) material from the dog’s ear after treat-
ment. Keratinized epithelial cells are present, (D) microscopy of scrapings from the inner surface of 
the auricle of the fox with otoacariasis (Otodectes cynotis).
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are presented in Table 1. Based on Table 1, it follows that 
the drug with concentrations of moxidectin in the range of 
0.01%–0.2% has a pronounced acaricidal effect. The low-
est effective concentration of moxidectin in the prepara-
tion is 0.01%.

Determination of antimicrobial and fungicidal activity of 
the drug in vitro

Evaluation of antimicrobial and fungicidal activity was 
carried out on the basis of seven concentrations of levo-
floxacin hemihydrate (0.1%; 0.15%; 0.2%; 0.25%; 0.3%; 
0.35%; 0.4%; Table 2) and six concentrations of clotrim-
azole (0.05%; 0.1%; 0.15%; 0.2%; 0.25%; 0.3%; Table 3).

To study the bactericidal activity (Table 4), E. coli 
(stamp 1257), S. aureus (stamp 906), and P. aeruginosa 
(strain ATCC 27853) were used as test microorganisms.

Antimicrobial activity was studied by a suspension 
method. The concentration of the agent is considered 

effective when the experiment which was repeated three 
times at a certain exposure time gives a negative result 
(lack of growth of microorganisms) in the presence of a 
typical growth of the test culture in the control.

A typical growth of microorganisms (E. coli, S. aureus, and 
P. aeruginosa) was observed in the control. It can be seen 
from Table 4 that levofloxacin hemihydrate exhibits an anti-
microbial effect on all three microorganisms in concentra-
tions of 0.1%–0.4% and precisely those microorganisms that 
are excreted in animal otitis media. In the study of fungicidal 
activity (Table 5) of model samples, fungal cultures were 
used as test microorganisms: C. albicans (strain 15), T. gyr-
seum (mus. strain NIIID), and Malassezia sp. (strain 14/13).

The concentration of the agent is considered effec-
tive when the experiment that was repeated three times 
at a certain exposure time gives a negative result (lack of 
mushroom growth) in the presence of a typical growth of 
the test fungus in the control.

Table 1.	 The	results	of	the	study	of	acaricidal	activity	of	the	drug	after	24,	48	and	72	h.

The concentration of the drug 
for moxidectin, %

Number 
of ticks

Research results

After 24 h After 48 h After 72 h

Actively 
moving

Paralyzed Dead
Actively 
moving

Paralyzed Dead
Actively 
moving

Paralyzed Dead

Experiment No. 1

0.0001 30 2 20 8 0 10 20 0 2 28

0.001 30 0 10 20 0 4 26 0 2 28

0.01 30 0 0 30 0 0 30 0 0 30

0.05 30 0 0 30 0 0 30 0 0 30

0.1 30 0 0 30 0 0 30 0 0 30

0.2 30 0 0 30 0 0 30 0 0 30

Control	(distilled	water) 30 30 0 0 30 0 0 30 0 0

Experiment No. 2

0.0001 30 4 22 4 2 20 8 0 12 18

0.001 30 0 14 16 0 10 20 0 4 26

0.01 30 0 0 30 0 0 30 0 0 30

0.05 30 0 0 30 0 0 30 0 0 30

0.1 30 0 0 30 0 0 30 0 0 30

0.2 30 0 0 30 0 0 30 0 0 30

Control	(distilled	water) 30 30 0 0 30 0 0 30 0 0

Experiment No. 3

0.0001 30 5 10 15 4 4 22 2 1 27

0.001 30 0 3 27 0 2 28 0 0 30

0.01 30 0 0 30 0 0 30 0 0 30

0.05 30 0 0 30 0 0 30 0 0 30

0.1 30 0 0 30 0 0 30 0 0 30

0.2 30 0 0 30 0 0 30 0 0 30

Control	(distilled	water) 30 30 0 0 30 0 0 30 0 0
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In the control, a typical growth of fungi was observed 
(C. albicans, T. gyrseum, and Malassezia sp.). From the 
table, you can set the optimal concentration of clotrima-
zole – 0.1%. Thus, a preparation with a moxidectin con-
centration of 0.01% has a pronounced acaricidal effect. 
The pronounced antimicrobial and fungicidal activity of 
levofloxacin hemihydrate (0.3%) and clotrimazole (0.1%) 
was revealed, respectively, related to strains of microor-
ganisms and fungi that are specific for veterinary medicine 
and most often appear in cases of otitis media of bacterial 
and/or fungal etiology in animals (complicated form of 
otodectosis and psoroptosis). Accordingly, the ingredients 
of the pharmaceutical composition are determined based 
on our own research. In addition, our drug contains dexa-
methasone sodium phosphate at a concentration of 0.1%. 
This concentration of dexamethasone sodium phosphate is 
often used in medicinal compositions applied to treat ear 
pathologies [38,39].

Study of the efficacy of the drug for parasitic otitis in dogs, 
cats, furbearers and fancy rabbits

The first group consisted of 8 dogs, 28 cats, 25 foxes, and 13 
ferrets diagnosed with otoacariasis and the second group 

included 27 rabbits diagnosed with psoroptic scab. In cats, 
dogs, ferrets, and foxes, otoacariasis was manifested by the 
following clinical signs: anxiety of animals, inflammation 
of the skin of the external auditory canal, and itching in the 
ear. During the examination of animals, wounds were found 
along the edges of the auricle, and the external auditory 
meatus was heavily polluted with a dark crumbly exudate. 
The diagnosis was confirmed by microscopic investigation 
of scrapings from the outer ear (distal part of the auditory 
meatus) according to the Priselkova’s method. At the same 
time, many O. cynotis mites were found at all stages of 
development – from egg to imago (Fig. 1).

After using the drug, the general condition of the ani-
mals of the first group was improved, the hyperemia and 
swelling of the inner surface of the auricles disappeared, 
the elasticity of the auricle was restored, they became 
almost clean, O. cynotis mites were not detected after the 
course of treatment, only dead mites and its parts were 
fixed. After double treatment, mites that were alive were 
not found. Thus, the 100% efficacy of ear drops is con-
firmed by two acarological studies. The following clinical 
signs were observed in rabbits diagnosed with the ear form 
of psoroptic scab: anxiety, severe itching, inflammation of 

Table 2.	 The	model	samples	composition.

Component name

Sample No.

1 2 3 4 5 6 7

The concentration of substances, %

Levofloxacin	hemihydrate 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Clotrimazole 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Dexamethasone	sodium	phosphate 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Moxidectin 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Dimethyl	sulfoxide 20.0 20.0 20.0 20.0 20.0 20.0 20.0

Tween-80 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Polyethylene	glycol
(PEG	400)

Up	to	100.0 Up	to	100.0
Up	to	
100.0

Up	to	
100.0

Up	to	
100.0

Up	to	
100.0

Up	to	
100.0

Table 3.	 The	model	samples	composition.

Components name

Sample No.

1 2 3 4 5 6

The concentration of substances, %

Levofloxacin	hemihydrate 0.3 0.3 0.3 0.3 0.3 0.3

Clotrimazole 0.05 0.1 0.15 0.2 0.25 0.3

Dexamethasone	sodium	phosphate 0.1 0.1 0.1 0.1 0.1 0.1

Moxidectin 0.01 0.01 0.01 0.01 0.01 0.01

Dimethyl	sulfoxide 20.0 20.0 20.0 20.0 20.0 20.0

Tween-80 2.0 2.0 2.0 2.0 2.0 2.0

Polyethylene	glycol
(PEG	400)

Up	to	100.0 Up	to	100.0 Up	to	100.0 Up	to	100.0 Up	to	100.0 Up	to	100.0
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the inner surface of the auricle, and the diagnosis was con-
firmed by the detection of P. cuniculi mites in the ear crusts. 
After treatment, the hyperemia and puffiness of the skin 
of the inner surface of the auricles in the rabbits were dis-
appeared, they became practically clean, P. cuniculi mites 
were not detected after two treatments. Infection of fancy 
rabbits with P. cuniculi ear mites can cause the develop-
ment of external and otitis media [40].

There is an extensive market for veterinary drugs 
aimed at the treatment of parasitic diseases of domestic 
animals. Drugs are available in the form of spot-on, tablets 
for oral use, insecticoacaricidal collars (polymeric tapes), 
and sprays for external use. The active substances are 
compounds of various classes and different mechanisms of 
action [41]. The use of effective active ingredients with a 

safe minimum concentration allows minimizing the strain 
on the animal body by chemotherapeutic agents. In addi-
tion, the combination of some active ingredients in a single 
dosage form allows creating a universal drug for veteri-
nary use.

It should be noted that not only the choice of acaricide 
but also its pharmacological lability in relation to other 
medicinal substances does matter during creating a new 
veterinary drug with acaricidal properties. For example, in 
otoacariasis (ear form of psoroptic scab), in some cases, 
parallel use of antimicrobial and anti-inflammatory drugs 
is necessary. Therefore, the creation of new multicompo-
nent effective combinations in the form of ear drops is an 
important task for veterinary specialists.

It is known that parasitizing ear mites in animals pro-
vokes serious inflammation of the skin and hyperkeratosis 
of its papillary layer [42]. The article by Yang and Huang 
[43] reflects the efficacy of various drugs aimed at the 

Table 4.	 Antimicrobial	activity	of	model	samples.

Levofloxacin 
hemihydrate, %

Microorganisms

Escherichia 
coli

Staphylococcus 
aureus

Pseudomonas 
aeruginosa

Experiment No. 1

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

0.35 + + +

0.4 + + +

Control	(sterile	water) − − −

Experiment No. 2

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

0.35 + + +

0.4 + + +

Control	(sterile	water) − − −

Experiment No. 3

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

0.35 + + +

0.4 + + +

Control	(sterile	water) − − −

+	=	fungicidal	activity,	−	=	no	fungicidal	activity.

Table 5.	 Fungicidal	activity	of	model	samples.

Clotrimazole, %

Microorganisms

Candida 
albicans

Trichophyton 
gyrseum

Malassezia 
sp.

Experiment No. 1

0.05 − − −

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

Control	(sterile	water) − − −

Experiment No. 2

0.05 − − −

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

Control	(sterile	water) − − −

Experiment No. 3

0.05 − − −

0.1 + + +

0.15 + + +

0.2 + + +

0.25 + + +

0.3 + + +

Control	(sterile	water) − − −

+	=	fungicidal	activity,	−	=	no	fungicidal	activity.	
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treatment of otoacariasis. Thus, the efficacy of the drug 
in the form of injections based on doramectin was 90.0%, 
the therapeutic effect of the spot-on use of selamectin was 
96.7%. After using fipronil in the ears directly, a therapeu-
tic effect of 94.9% was established. An efficacy of 92.8% 
was detected with the use of insectoacaricide drops based 
on 10% imidacloprid and 1% moxidectin in the spot-on 
form. Ivermectin-based injections showed 90.0% efficacy. 
The efficacy of ivermectin-based otic ear drops – 92.5%. 

In our presented studies, 100% therapeutic efficacy of 
otic ear drops based on moxidectin, levofloxacin hemihy-
drate, clotrimazole, dexamethasone sodium phosphate in 
the treatment of parasitogenic otitis was noted. Treatment 
of parasitic otitis with acaricide agents in combination 
with antimycotics and antibiotics can prevent the devel-
opment of complicated otitis. In addition, it is possible to 
use this pharmacological composition for the treatment of 
postotoacariasis (postpsoroptic scab) complications. 

Study of the efficacy of the drug in external acute and 
chronic otitis of bacterial and/or fungal origin (complicated 
forms of otoacariasis or psoroptic scab) in dogs, cats,  
furbearers, and fancy rabbits

According to Korbelik et al. [44] external otitis of bacterial 
or fungal etiology reaches 10%–20% among all diseases 
of dogs. Tang et al. [45] note that out of 221 cases of ear 
pathologies in dogs were observed 84.62% of animals 
with external otitis. In addition, bacterial etiology of exter-
nal otitis was found in 44.10% of dogs, and in 21 cases, 
external otitis of fungal etiology was detected (32.31 %). 
The diagnosis in our studies was made comprehensively, 
based on history, epizootological data, clinical signs, otos-
copy, and laboratory tests (microbiological examination of 
a smear from the auditory canal). Confirmation of the eti-
ology of otitis in the laboratory took place within 5–7 days. 
Seven cats, eight dogs, two fancy rabbits, one ferret, and 
2 foxes were diagnosed: acute otitis external of bacterial 
and/or fungal etiology. 

Clinical signs in animals diagnosed with acute external 
otitis of bacterial and/or fungal etiology: defluvium from 
the ear of a different nature, redness and swelling of the 
external auditory canal, often a strong smell of secretion, 
and pain on palpation in the ear. The skin of the inner 
surface of the auricle is hyperemic, edematous with ulcer-
ations. If the animal is anxious, there is an itching in the 
ear. The auditory acuity is intact. In cases of otoscopy in 
the acute stage, hyperemia and infiltration of the skin were 
noted. In the depth of the auditory meatus, a mushy mass 
was observed. In some animals, the eardrum is moderately 
hyperemic. 

Nine cats, seven dogs, three decorative rabbits, three 
ferrets, and two foxes were diagnosed with chronic exter-
nal otitis of bacterial and/or fungal etiology. Clinical 

signs in animals diagnosed with chronic external otitis 
of bacterial and/or fungal etiology: defluvium from the 
ear of a different nature, redness and slight swelling of 
the external auditory meatus, often a strong smell of 
secretion, and pain on palpation in the ear. The skin of 
the inner surface of the auricle is hyperemic, edema-
tous, with ulcerations. The owners have noted the long-
term nature of the course of the disease (more than 4–6 
weeks). Microbiological studies of ears secretion in ani-
mals were carried out according to the appropriate gen-
erally accepted methods, and conditionally pathogenic 
microflora and/or fungi were found when analyzing the 
contents of the auditory meatus.

In cats, a diagnosis of acute external otitis of bacterial 
etiology revealed S. aureus, S. simulans; M. pachyderma-
tis detected with a diagnosis of acute external otitis of 
the fungal etiology; diagnosed with acute external otitis 
of mixed etiology revealed by M. pachydermatis with S. 
hyicus, S. aureus, and S. simulans. S. simulans and S. aureus 
were detected in cats with a diagnosis of chronic external 
otitis media of bacterial etiology; M. pachydermatis and 
yeast-like fungi of the genus Candida were diagnosed with 
a diagnosis of chronic otitis externa of the fungal etiology; 
chronic external otitis of bacterial and fungal etiology 
revealed M. pachydermatis with S. hyicus, S. aureus.

In dogs, through a diagnosis of acute external otitis of 
bacterial etiology, S. simulans and S. aureus were detected; 
M. pachydermatis was found with acute external otitis of 
fungal etiology; with a diagnosis of acute external otitis of 
mixed etiology – M. pachydermatis with S. aureus, S. sim-
ulans and yeast-like fungi of the genus Candida with S. 
aureus. In dogs with chronic external otitis media of bac-
terial etiology, conditionally pathogenic microflora of S. 
hyicus and S. aureus has been established; with a diagnosis 
of chronic external otitis of fungal etiology, M. pachyderma-
tis and yeast-like fungi of the genus Candida were detected; 
S. aureus + M. pachydermatis were detected in chronic 
external otitis of mixed etiology.

In fancy rabbits, with acute external otitis of bacterial 
etiology, S. simulans was detected; in chronic external oti-
tis, S. hyicus and S. simulans were detected; diagnosed with 
acute external otitis of fungal etiology, M. pachydermatis 
was detected. In ferrets, acute external otitis of bacte-
rial etiology was accompanied by a marked increase in S. 
aureus; M. pachydermatis was detected with a diagnosis of 
chronic external otitis of fungal etiology; M. pachyderma-
tis + S. hyicus and S. aureus + yeast-like fungi of the genus 
Candida. In foxes with acute external otitis of bacterial eti-
ology, S. hyicus was detected; in chronic external otitis – S. 
hyicus; with a diagnosis of acute external otitis of bacterial 
and fungal etiology, S. hyicus and M. pachydermatis were 
detected, and in chronic external otitis, S. aureus and yeast-
like fungi of the genus Candida were found.
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During the treatment of animals with a diagnosis of 
acute external otitis of bacterial and/or fungal etiology, 
there was no pain in the ear, local temperature, and hyper-
emia in 3–5 days after the start of the drug use. During the 
examination of eight animals (two cats, three dogs, one 
fancy rabbit, one ferret, and one fox) on the eleventh day 
after treatment, the absence of clinical signs of the disease 
and the growth of conditionally pathogenic microflora and 
fungi in the auditory canal were found. The rest of the ani-
mals diagnosed with acute external otitis of bacterial and/
or fungal etiology after 14 days of using the ear drops: 
the ears became cleaner, itching and inflammation were 
stopped, and no conditionally pathogenic microflora and 
fungi were detected during microbiological studies. 

During the treatment, animals with a diagnosis of 
chronic external otitis of bacterial and/or fungal etiology 
determined the absence of pain in the ear, local tempera-
ture and hyperemia in 2–7 days after the start of the treat-
ment. During the examination of two cats and one fancy 
rabbit on the eleventh day of the treatment, there was no 
clinical evidence of disease; and in microbiological stud-
ies of swabs from the auditory meatus, no conditionally 
pathogenic microflora and fungi were detected. Other 
animals had no signs of inflammation in 14 days after the 
application of the ear drops; no conditionally pathogenic 
microflora and fungi were detected during microbiolog-
ical studies of swabs from the external auditory meatus. 
During the treatment and after it within 10–14 days, no 
complications and side effects were noted in animals (cats, 
dogs, fancy rabbits, ferrets, and foxes).

Study of the efficacy of the drug in acute and chronic otitis 
media of bacterial and fungal origin (complicated forms 
of otoacariasis or psoroptic scab) in dogs, cats, furbearers, 
and fancy rabbits

The diagnosis was made in a comprehensive manner. 
Confirmation of the etiology of otitis in the laboratory took 
place for 5–7 days. Eight cats, six dogs, one fancy rabbit, 
and one ferret were diagnosed with acute otitis media of 
bacterial and/or fungal etiology. Clinical signs in animals 
diagnosed with acute otitis media of bacterial and/or fun-
gal etiology: hearing disorder, abundant defluvium of a dif-
ferent nature from the ear, redness and swelling of the ear 
canal, narrowing of the ear canal, a strong defluvium smell, 
and pain on palpation in the ear area. The skin of the inner 
surface of the auricle is hyperemic, edematous, cankering, 
animal shakes its head, holds its head on one side when the 
one ear is hurt, rubs affected ear with paws, has anorexia. 
During the otoscopy, inflammation of the eardrum and the 
presence of exudate were detected.

Animals with a diagnosis of chronic bacterial otitis 
media and/or fungal etiology were eight cats, six dogs, 
two fancy rabbits, one ferret, and four foxes. Clinical signs 

in animals diagnosed of chronic otitis media of bacterial 
and/or fungal etiology: defluvium from the ear of a differ-
ent nature, redness and swelling of the external auditory 
canal, narrowing of the auditory canal, often a strong smell 
of leakage, and pain to palpation in the ear area. The skin 
of the inner surface of the auricle is hyperemic, edematous, 
cankering. During the otoscopy, turbidity and thickening of 
the eardrum were detected. Hearing disorder was noted. 
The owners have noted the long-term nature of the disease 
(more than 6–8 weeks).

Microbiological studies of defluvium from ears in ani-
mals were carried out according to the appropriate gen-
erally accepted methods, and conditionally pathogenic 
microflora and/or fungi were found when analyzing the 
contents of the auditory canals.

In cats, acute and chronic otitis media of bacterial eti-
ology revealed S. aureus, S. hyicus; in acute otitis media of 
fungal etiology, M. pachydermatis and yeast-like fungi of 
the genus Candida were identified; in animals, with a diag-
nosis of acute otitis media of mixed etiology, S. simulans 
+ M. pachydermatis and S. simulans + yeast-like fungi of 
the genus Candida were found. In cats with chronic otitis 
media of fungal etiology, M. pachydermatis was detected; 
in chronic otitis media with bacterial and fungal etiology, S. 
aureus + M. pachydermatis, and S. simulans + M. pachyder-
matis were defined.

In dogs diagnosed with acute otitis media with a bacte-
rial etiology, S. hyicus was detected; in chronic otitis media 
with bacterial etiology, Staphylococcus aureus and S. hyicus 
were detected. M. pachydermatis and yeast-like fungi of the 
genus Candida were found in animals diagnosed with acute 
otitis media of fungal etiology. In dogs with acute otitis 
media, bacterial and fungal agents of S. simulans + yeast-like 
fungi of the genus Candida and S. aureus + yeast-like fungi 
of the genus Candida were detected. In the chronic course 
of otitis media with fungal etiology, M. pachydermatis and 
yeast-like fungi of the genus Candida were identified; in 
dogs diagnosed with chronic otitis media with bacterial 
and fungal etiology, S. aureus + yeast-like fungi of the genus 
Candida and S. simulans + M. pachydermatis were found.

In fancy rabbits with acute otitis media, S. simulans was 
detected; in rabbits, with chronic otitis media, S. hyicus 
was found. Yeast fungi of the genus Candida were found in 
one rabbit diagnosed with chronic otitis media of fungal 
etiology. In ferrets with acute otitis media, S. simulans was 
detected; in chronic otitis media of bacterial and fungal eti-
ology, yeast-like fungi of the genus Candida + S. simulans 
were detected.

In foxes with a chronic course of otitis media, S. aureus 
+ M. pachydermatis was detected; S. simulans + yeast-like 
fungi of the genus Candida and Staphylococcus hyicus + M. 
pachydermatis; in the chronic course of otitis media with 
bacterial etiology, S. hyicus was detected.
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Animals with a diagnosis of acute otitis media of bacte-
rial and/or fungal etiology had no pain in the ear, the eleva-
tion of local temperature and hyperemia in 4–7 days after 
the start of the drug use. 

During the examination of animals for 10 days after 
using ear drops (two cats, one dog, and one ferret), there 
were no clinical signs, and during microbiological exam-
ination of scrapings from the auditory canal, conditionally 
pathogenic microflora and fungi did not reveal in four ani-
mals. Other animals with otitis media after 14 days of using 
the ear drops had no itching and inflammation; no condi-
tionally pathogenic microflora and fungi were detected 
during microbiological examinations of swabs from the 
external auditory canal. 

Animals with a diagnosis of chronic otitis media with a 
bacterial and/or fungal etiology had no pain in the ear, an 
increase in local temperature, and hyperemia in 5–8 days 
after the start of treatment. In 14 days after the application 
of the ear drops, the signs of inflammation were ceased 
and microbiological studies of swabs from the external 
auditory canal showed no conditionally pathogenic micro-
flora and fungi. 

During and after treatment for 10–14 days, no compli-
cations and side effects were observed in animals (dogs, 
cats, ferrets, fancy rabbits, and foxes). Usually, a combina-
tion of active substances is used in the form of ear drops. 
For example, they are ciprofloxacin and dexamethasone, 
gentamicin C, and hydrocortisone [46]. These drugs also 
have a positive therapeutic effect. However, the intro-
duction of complex multicomponent drops allows you to 
minimize the number of veterinary manipulations and to 
observe the recovery of animals in a shorter time accord-
ingly. In addition, our drug can be used to many types of 
animals (dogs, cats, fancy rabbits, ferrets, and foxes).

In an article by King et al. [47], the study of the efficacy 
of combination drugs aimed at the treatment of external 
otitis is illustrated. Drugs are presented in gel form (active 
ingredients are florfenicol, terbinafine, and betamethasone 
acetate) and in the suspension form (active ingredients 
are hydrocortisone aceponate, miconazole, and gentami-
cin). The gel was applied twice with an interval of 7 days, 
and the suspensionwas applied daily for 5 days. In gen-
eral, a positive therapeutic effect was revealed; however, 
a relapse was observed in 11% of cases using the above 
drugs in sick animals. 

A positive therapeutic effect was noted with the use 
of the combined drug based on marbofloxacin, clotrima-
zole and dexamethasone in the treatment of fungal otitis 
in dogs, compared with the local use of miconazole. The 
advantages of the combined drug were as follows: reduc-
tion of hyperemia, itching, which indicates the effective 
action of the glucocorticoid and implementation of its 
anti-inflammatory, anti-proliferative and antipruritic 
properties accordingly [48].

The authors presented the results of a study of the effi-
cacy of a multicomponent drug in the ointment form with 
the following list of active ingredients: neomycin sulfate, 
nystatin, triamciphenol, and permethrin, so antibiotics, 
such as antimycotic, glucocorticoid, and acaricide, are con-
tained in it. The drug showed a high therapeutic effect in 
parasitic, bacterial and fungal otitis [21]. In our opinion, 
the most convenient dosage form in the treatment of oti-
tis of various etiologies is a solution for auricular use (ear 
drops) due to the rapid penetration of the drug into the 
inflammatory focus with minimal losses.

The composition of microbial associations in otitis 
media was studied in detail. Bacteria in the form of mono-
culture were isolated in 39.5% of cases, monoculture of 
fungi was detected in 27.2% of cases, in the form of micro-
bial associations – 33.3% of cases. Thus, microorganisms 
in the form of monoculture were most often isolated in our 
studies. Our studies are consistent with the work [49], in 
which bacterial monoinfection is most often isolated in 
cases of otitis media in pets. In cases of otitis media, mixed 
microbial associations including microorganisms and 
microscopic fungi prevailed in studies [50].

Conclusion

The use of a pharmacological composition based on 
levofloxacin hemihydrate, clotrimazole, dexamethasone 
sodium phosphate, and moxidectin in the form of ear 
drops allows for simultaneous etiotropic, pathogenetic and 
symptomatic therapy. It must be specially noted that the 
use of polytropic drugs can stop the pathological process 
in the auditory analyzer caused by various agents (condi-
tionally pathogenic microflora, fungi, and/or ear mites). 
The use of one drug with several pharmacological prop-
erties is more convenient from a practical and economic 
point of view for animal owners and veterinary specialists.
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