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EXPERIMENTAL SUBSTANTIATION OF THE COMPOSITION OF THE GEL
BASE WITH HYDROCORTISONE FOR USE IN VETERINARY MEDICINE

Viktoriia Pul-Luzan, Olga Rukhmakova

As veterinary practice shows, most often atopic dermatitis in animals manifests itself in the form of a rash (in the ears,
muzzle, paws, etc.), which in turn is accompanied by itching. First of all, prescribe a single injection of glucocorticoids,
or short-term therapy. Corticosteroid hormones (glucocorticoids) are one of the most powerful antiallergic drugs. They
are effective in treating almost all types of allergic reactions. An appropriate dose of glucocorticoids is required to
obtain a rapid effect, and the form of the drug should be convenient to use.

The aim of the research. The aim of our study was experimentally substantiate the choice of the optimal gelling agent
when developing a gel composition with hydrocortisone for use in veterinary medicine.

Materials and methods. Physical, physico-chemical and pharmaco-technological methods were used during the exper-
imental study. Studies were performed according to the method described in the SPhU. The rheological properties of
the samples were determined using a rotary viscometer type Brookfield HB DV (USA) with spindle SC4-21.

Results. As a result of the research, it was found that Aristoflex as a gelling agent in the development of a veterinary
drug of local action will ensure the availability of appropriate extrusion properties (namely, easy and uniform applica-
tion of animal skin, ease of use). Gels with hydrocortisone based on Aristoflex gave stable performance, which was
confirmed by the results of mechanical and colloidal stability.

Conclusions. The composition and technology of a hydrocortisone gel for local therapy of atopic dermatitis in animals
has been developed. Aristoflex at a concentration of 1.5 % on the basis of a set of physicochemical, structural-
mechanical and biopharmaceutical studies was selected as the optimal gelling agent in the drug
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1. Introduction

One of the most common diseases among animals
is atopic dermatitis. According to statistics, compared to
previous years, the number of animals affected by this
pathology is rapidly increasing. The entire fault, accord-
ing to experts, modern environmental conditions that
provoke the susceptibility of animals to allergens.

Atopic dermatitis — a common disease of cats and
dogs, described as a genetically caused itchy inflamma-
tion of the skin associated with the formation of IgE
antibodies, usually directed against environmental aller-
gens or airborne allergens. According to international
statistics, 3 to 30 % of dogs worldwide have atopic der-
matitis [1].

Atopic dermatitis affects young animals aged 1 to
5 years, but can be diagnosed earlier. The first symptoms
of dermatitis appear at the age of six months, when the
allergen is introduced into the body and forces the im-
mune system to produce antibodies-neutralizers, and then
the pathology recurs throughout life.

Atopic dermatitis has a pronounced clinical pic-
ture. The symptoms include the main and additional
symptoms. The main symptoms are: severe itching of
the skin, which causes the animal great discomfort;
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skin damage, scratches, abrasions (especially in the
face and paws), which appear due to the fact that the
animal is constantly itching and tearing the skin with
its claws; got into the wound infection provokes boils,
hyperpigmentation, abscesses; hair loss, alopecia;
characteristic odour from the ears, reminiscent of
playing yeast dough [2, 3].

Additional signs of atopic dermatitis include ex-
cessive dryness of the skin; immediate reaction to the
allergen; external form of allergic otitis; superficial mani-
festations of staphylococcal infection.

Symptomatic treatment is carried out at the initial
stage of immunotherapy, but can be prescribed after: if
the effect is short-lived or not fully manifested. Medica-
tions of different groups for the treatment of atopic der-
matitis, as well as special shampoos for skin care are
prescribed by a veterinarian, self-medication is danger-
ous to the health of the dog and can only worsen the
situation [4].

It is necessary to prescribe corticosteroids. They
have a powerful and rapid effect, reduce the activity of a
number of inflammatory factors. These drugs are hormo-
nal, their action is aimed at eliminating itching, allergic
edema, redness. Corticosteroid hormones (glucocorti-
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coids) are one of the most powerful antiallergic drugs.
They are effective in treating almost all types of allergic
reactions. The reason is in their structural similarity to
some adrenal hormones. The mechanism of their anti-
allergic action is very diverse: they reduce the permeabil-
ity of capillaries, inhibit the inflammatory reaction and
the growth of connective tissue, have the effect of re-
placement therapy in adrenal insufficiency. It has been
established that glucocorticoids affect the development
of any stage of allergic reactions, but most of all - the
pathophysiological stage. At the same time, their anti-
inflammatory effect is maximally manifested [5].

Prednisolone, methylprednisolone, dexamethasone
and hydrocortisone are most commonly prescribed [6, 7].

Pharmacodynamic effects of corticosteroids are
realized due to their anti-inflammatory (including antiex-
udative and antiproliferative effects), immunosuppressive
and antiallergic effects. These drugs also actively affect
various metabolic processes in the body.

The most important pharmacological effect of
corticosteroids in terms of pathogenesis of nephropa-
thy is, in particular, suppression of edema and prolif-
eration of resident glomerular cells (resulting in partial
or complete obliteration of the vessels of the primary
network of kidneys). They also reducing the degree of
infiltration of the renal parenchyma, hence, irreversi-
ble processes of sclerosis in the renal parenchyma are
reduced [8, 9].

Thus, the aim of our study was to create new
veterinary drugs with hydrocortisone for local therapy of
atopic dermatitis.

2. Planning (methodology) of research

When developing a soft veterinary drug, it is nec-
essary to pay attention to the type of carrier used, nature
and physicochemical properties of active pharmaceutical
ingredients, excipients, take into account the influence of
pH, temperature and other factors on structural and me-
chanical, technological properties of the developed gel
base. These factors contribute to the release and absorp-
tion of active pharmaceutical ingredients from the mild
dosage form. To establish a rational gelling agent, we
used the following gelling agents: Carbopol Ultrez 21,
Sepimax and Aristoflex. Selected gel repellents are ap-
proved for use in veterinary pharmacy.

The concentration of hydrocortisone for topical
therapy (1 %) was selected based on analysis of literature
sources and propylene glycol (10 %) because of studies.
Model samples were prepared by the technology of gel
preparation generally prescribed in the SPhU.

To establish the optimal gelling agent, rheological
studies of the developed samples of extemporaneous gels
with hydrocortisone were performed.

3. Material and methods

Modern physical, physicochemical and pharma-
cotechnological methods were used during the experi-
mental study. The determination of homogeneity was
performed according to the method described in the
SPhU I ed., p. 511. Take five samples of each sample of
20-30 mg each, place two samples on a glass slide, cover
with a second glass slide and press firmly to form spots
with a diameter of about 2 cm.

As active and additional components were used:

— Carbopol Ultrez 21 — USA, manufacturer Lubrizol;

— triethanolamine (Triethanolamine) — Ukraine;

— Sepimax Zen — France, manufacturer Seppic;

— Aristoflex (AVC) — Switzerland;

— propylene glycol (Propylene glycol) — Germany;

—hydrocortisone acetate — suspension for injec-
tion 25 mg/ml, 2 ml, JSC “Farmak”.

The obtained samples were examined with the na-
ked eye (at a distance of about 30 cm from the eyes). The
sample was considered homogeneous if no visible parti-
cles, foreign inclusions and signs of physical instability
were detected in all four samples. If one of the samples
did not pass the test, the determination was performed on
an additional eight samples, and all eight samples had to
pass the test.

Determination of thermal stability was carried out
according to methods, which are presented in the Nation-
al Standard of Ukraine “Cosmetic creams. General tech-
nical conditions: DSTU 4765:2007”.

A tube of 8.0+2.0 g of test samples was placed in
a thermostat with a temperature of (40+2) °C was left for
1 week, then placed in a refrigerator with the appropriate
temperature (10+2) °C for 1 week, then kept for 3 days at
room temperature (15-25 °C). The stability of the studied
gel samples was determined visually - in the absence of
delamination.

Determination of colloidal stability. The tubes
were filled with test gel samples by 2/3 of the volume
(approximately 9.0 g) of the test samples (so that the
masses of the test tubes with the drug did not differ by
more than 0.02 g), and weighed to the nearest 0.01 g. The
tubes were then placed in a water bath at the desired
temperature (42.5+2.5) °C for 20 min, then wiped dry on
the outside and placed in centrifuge wells. Centrifuged
for 5 min at a speed of 6000 rpm. The stability of the
studied gel samples was determined visually — in the
absence of delamination.

The rheological properties of the samples were
determined using a rotary viscometer type Brookfield HB
DV (USA), spindle SC4-21.

Thermostating of the samples was performed using
a thermostat. A portion of the gel of about (17.0+0.5) g
was placed in the container of the outer stationary cylin-
der. The required experiment temperature was set using a
thermostat, then the required experiment conditions were
set using software (shear rate gradient, number of exper-
iment points on the sample flow curve and measurement
duration at each point of the curve). The device allows to
measure the shear stress in the range of 0.5-3.0 104 PA,
shear rate from 0.1 to 4000 s, viscosity — 1-109 mPa x s.

For a more complete study of gel samples, the in-
dicators of their mechanical stability (MS) were calculat-
ed. It is known that the optimal value of MS is 1. The
value of MS is defined as the ratio of the value of the
tensile strength of the structure to failure (t,) to the value
of the tensile strength after failure (t,).

To study the extrusion properties according to the
indicators of rheological studies calculated the coeffi-
cients of dynamic vacuum (Kd) for the drug during the
shelf life.

Statistical processing of the results of pharmaco-
technological, physicochemical, biopharmaceutical stud-




Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne3(31) 2021

ies was performed in accordance with the methods of
SPU 2.3, paragraph 5.3.

The bioavailability (release) of hydrocortisone ac-
etate was studied by dialysis through a semi-permeable
membrane by Hoechst in vitro experiments. The study
was performed at a temperature of (37.0+0.5) °C. The
dialysis medium was water R. Thermostating was per-
formed in an ultrathermostat TC-16A (Germany) with an
accuracy of 0.1 °C. The temperature was measured with
a laboratory thermometer. Quantitative determination of
hydrocortisone acetate in the dialysate was carried out by
HPLC using a mobile phase of methanol — water 70:30
according to the proposed method. Sample weight for
experiment — 2.0.

Test solution. A weighed portion of the prepara-
tion corresponding to 5.0 mg of hydrocortisone acetate is
placed in a separating funnel with a capacity of 100 ml,
50 ml of isooctane is added and shaken until the gel dis-
solves. Add 15 ml of 80 % methanol and shake for
30 minutes. After stratification of liquids, the lower layer
is placed in a volumetric flask with a capacity of 50 ml,
the extraction is repeated twice, each time using 15 ml of
80 % methanol, and the extracts are combined. Bring the
volume of the resulting solution to the mark with 80 %
methanol and filter. 1.0 ml of the resulting solution is
placed in a 25 ml volumetric flask and the volume of the
solution is brought to the mark with methanol.

Standard sample solution. About 10.0 mg (accu-
rately weighed) of a standard sample of hydrocortisone
acetate is placed in a volumetric flask with a capacity of
50 ml, dissolved in 30 ml of methanol and the volume of
the solution is brought to the mark with the same solvent.
1.0 ml of the resulting solution is placed in a volumetric
flask with a capacity of 50 ml and the volume of the
solution is brought to the mark with methanol.

Chromatographic conditions:

Column: 25 x 0.46 cm, silica gel for chromatog-
raphy (C18), 10 pum;

Flow rate: 1.0 ml/min;

Detector: spectrophotometric, 240 nm;

Sample’s volume: 20 pl;

The chromatography time is 2 times the retention
time of the main peak.

The content of hydrocortisone acetate as a percent-
age of the declared amount (X) is calculated by the formula:

S 1P50-25_ S .aP
S,-50-50-3,-1-L S,-a-L-2

where S; is the peak area of hydrocortisone acetate on the
chromatogram of the test solution;

Sy is the area of the hydrocortisone acetate peak in
the chromatogram of the standard sample solution;

a; is the weight of a sample of the drug, mg;

3o is the weight of a standard sample of hydrocor-
tisone acetate, mg;

P is the content of hydrocortisone acetate in a
standard sample of hydrocortisone acetate, %;

L is the stated amount of hydrocortisone acetate in
the drug, g/g.

4. Results

The composition of the veterinary medicinal
product for the topical treatment of atopic dermatitis
should include an active pharmaceutical ingredient that
has targeted anti-inflammatory, antimicrobial and repara-
tive effects. In addition, it should have the appropriate
properties to improve the condition of animal skin [8, 9].
Hydrocortisone — a hormone secreted by the adrenal
cortex — glucocorticoid. Pharmacological action of hy-
drocortisone — anti-inflammatory, antiallergic, immuno-
suppressive, antipruritic, antishock, antiexudative, gluco-
corticoid. When applied to the skin: inflammatory and
allergic skin diseases of non-microbial etiology, includ-
ing eczema, dermatitis (allergic, atopic, bullous herpeti-
form, exfoliative, seborrheic, contact); itchy dermatoses,
photodermatoses, anogenital itching, insect bites, pem-
phigus, erythroderma, psoriasis [10, 11].

Given the above, the gel for the treatment of atopic
dermatitis in animals as active component was chosen
glucocorticoid - hydrocortisone at a concentration of
1%[12].

To install a rational gelling agent, we have pre-
pared the following model samples. The concentration of
hydrocortisone (1 %) was selected based on analysis of
literature sources and propylene glycol (10 %) based on
the results of preliminary studies of osmotic activity of
model samples of the gel (Table 1).

The results of the obtained data are presented in
Table 2.

Table 1
Composition of model samples of gels with hydrocortisone acetate
. - Samples

No. Active and excipients No 1 No. 2 No 3
1. | Carbopol Ultrez 21 15 — —
2. Trometamol 15 — -
3. | Sepimax — 15 —
4. | Avristoflex 15
5. | Hydrocortisone 1.0 1.0 1.0
6. | Propylene glycol 10.0 10.0 10.0
7. | Purified water Up to 100.0
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Table 2
The results of the study of the physicochemical and pharmaco-technological properties of the studied gel samples
No Indexes Samples
' No. 1 No. 2 No. 3
1 1A Gel transparent white Gel transparent white Gel transparent white
. ppearance
color color color
2. | pH of 10 % solution 7.6+0.2 7.540.3 5.540.2
3. | Structural viscosity, n (mPa-s) 6800 1900 3700
4. | Colloidal stability, (at 6000 rpm) delamination delamination stable
5. | Mechanical stability (MS) 1.63 1.55 1.33

According to experimental data, we excluded
from further studies samples No. 1, 2. In the studied
samples at once after their preparation during the study
of colloidal stability under the influence of a complex of
active substances, the gel structure was destroyed (de-
lamination in the tubes was observed).

Thus, for further research we selected a sample
No. 3 based on Aristoflex at a concentration of 1.5 %,
which had satisfactory consumer, physicochemical and
structural-mechanical properties, respectively.

The next stage of our research was to study the ef-
fect of selected substances on the rheoparameters of the
gel system with Aristoflex:

—sample A — gel base;

—sample B — gel base + hydrocortisone;

—sample C — gel base + hydrocortisone + propyl-
ene glycol

—sample D — gel base + propylene glycol + hy-
drocortisone

The obtained rheograms (Fig. 1) show that with
the introduction of active (hydrocortisone) and auxiliary
(polyethylene glycol) the type of flow did not change and
was characterized as plastic.

The results of our research show that the structur-
al viscosity was restored when the shear stress was re-
duced. The “ascending” curves of the hysteresis loops
indicated a decrease in structural viscosity after destruc-
tion of the structure of hydrocortisone gels, and the “de-
scending” curves reflected the optimal state of equilibri-
um in which the systems were after destruction. It is
noted that the addition of hydrocortisone reduced the
rheoparameters, and it was proved that the technology of
introduction of sample C is rational: first hydrocortisone,
then propylene glycol. It is his system that is more struc-
tured, which is primarily due to the addition of glucocor-
ticosteroids.

These data are confirmed in digital format and are
shown in Table 3.
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Fig. 1. Rheograms of gels: A — gel base; B — gel base + hydrocortisone;
C — gel base + hydrocortisone + propylene glycol; D — gel base + propylene glycol + hydrocortisone

Table 3
The results of studying the rheological parameters of model samples C and D (n=5, P=95 %)
Samples Components n, mPa-s MS
C gel base + hydrocortisone + propylene glycol 13100 1.16
D gel base + propylene glycol + hydrocortisone 10500 1.23
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From the data presented in the Tab Table 3 it can
be concluded that the two samples have satisfactory
performance as for a stable gel system. However, for
further research, we selected the sample C, which has
higher viscosity and better values of mechanical stability
(MS), namely 13100 and 1.16, respectively.

When studying the dependence of the structural
viscosity on the shear rate gradient, it is seen that the
structural viscosity of the studied gel samples gradually
decreased with increasing shear rate gradient (Fig. 2).
This dependence is also characteristic of systems that

n, mPa-s

have a plastic type of flow and characterizes the studied
samples of gels as structured dispersed systems, in which
the addition of active and excipients does not interact
with the developed gel base, and provides uniform and
gradual application to the skin.

When studying the release of API (hydrocortisone
acetate) from the studied model samples, it was found
that the most complete release of hydrocortisone acetate
provides sample C. Excipients in its composition provide
a prolonged release of hydrocortisone acetate at the level
of 5-6 pg/ml in the study form).
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Fig. 2. Dependence of structural viscosity of gels with hydrocortisone on shear rate: sample C, sample D
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Fig. 3. Kinetics of hydrocortisone acetate release from model gels based on sample C and sample D

Based on the results of the studies, which are
shown in the diagram (Fig. 3), it is seen that the release
of the active ingredient (hydrocortisone) from samples C
and D is almost the same. However, taking into account
previous studies, namely the indicators of mechanical
stability (MS), we chose sample C based on Aristoflex
for further studies.

5. Discussion

The disease atopic dermatitis in dogs is a common
disease. Scientists around the world have performed a
series of laboratory card analyzes in veterinary clinics for
the treatment of this disease. A number of studies have
proven that glucocorticosteroids are highly effective in
the treatment of this disease [12, 13].
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For the treatment of this pathology, we have chosen
a topical preparation in the form of a gel with glucocortico-
steroids. As you know, there are glucocorticosteroids that
are used only internally or only externally. That is why our
choice is hydrocortisone, which has strong anti-
inflammatory and antipruritic effects precisely locally. For-
eign studies confirm the effectiveness of topical application
of this glucorticosteroid when used topically [14, 15].

For the experiment, we prepared samples of ex-
perimental gels with hydrocortisone with the selected
gelling agents. Three samples of the gel were investigat-
ed with hydrocortisone (1 %) on different gel wasps,
namely Carbopol, Sepimax and Aristophlex. Based on
the studies carried out (appearance, pH, structural viscos-
ity, colloidal and mechanical stability), it was found that
the sample based on Aristolex had positive results and
had colloidal stability, in contrast to the samples based
on Carbopol and Sepimax [15, 16]. According to the
results of the studies, the samples based on Carpobol and
Sepimax were destroyed by the gel structure (color
change of the gel, the presence of impurities). Therefore,
for further research, a sample based on Aristoflex was
selected, which gave satisfactory consumer properties
and was stable during storage.

Thus, we can conclude that the use of Aristoflex
as a gelling agent in the development of a veterinary drug
of local action will ensure the availability of appropriate
extrusion properties (namely, easy and uniform applica-
tion of animal skin, ease of use). To confirm the rational
technology of introducing the active components of the
gel, rheological studies were carried out.

Study limitation. The studies conducted on the
rationale for the choice of a gelling agent when creating a
stable extemporal gel with hydrocortisone do not fully
reflect the possible risks of obtaining this dosage form

prepared in a pharmacy. The results obtained from the
studies performed require supporting studies when per-
forming the validation of this process.

Prospects for future research. During the exper-
iment, the selected concentrations of gelling agents were
used in a single concentration, namely 1.5 %, although
the range of use of these gelling agents was from 1 % to
5 %. The purpose of further research: to carry out a num-
ber of experiments with different concentrations of the
selected gelling agents and to conduct biopharmaceutical
studies on the rate of release of the active component
from the dosage form.

6. Conclusions

The structural and mechanical parameters of exper-
imental samples of extemporaneous gel with hydrocortisone
for use in veterinary medicine were studied. To establish a
rational gelling agent, we prepared samples based on Car-
bopol ultras 21, Sepimax and Aristoflex. According to the
literature, the concentration of hydrocortisone when applied
topically. Model samples were prepared by the technology
of gel preparation generally prescribed in the SPU. With the
help of pharmacotechnological and rheological studies, it
was found that the use of Aristoflex as a gelling agent in the
development of a topical veterinary drug with hydrocorti-
sone would ensure the availability of appropriate extrusion
properties (namely easy and even application of animal skin,
ease of use).
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