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The basics of the technology for the preparation of a spray formulation for external use with
analgesic and anti-inflammatory effects was developed. The quantitative content of active
pharmaceutical ingredients and excipients was proposed. Comparative analysis of some indicators
of the obtained spray with analogues on the pharmaceutical market of Ukraine was carried out.
Material calculations allowed to estimate the amount of active pharmaceutical ingredients and
excipients for the preparation of the spray and its packaging in bottles with a dropper in the
laboratory. Based on the material calculations, a basic technological scheme for the production of
the finished product was proposed. Economic calculations have been carried out, which
demonstrate a high level of economic profitability of the development of such a preparation.
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Introduction

Nowadays, the life of an ordinary person has a
very fast pace: constant mechanical work, various
kinds of physical activities, the desire to do as much
as possible in a short period of time. And the faster
the pace of a person’s life, the more often he or she
encounters various pain syndromes of different
nature.

Pain syndrome is a pathological condition
accompanied by the appearance of pain in various
parts of the body. It is a psychophysiological condition
that occurs as a result of various stimuli: from
mechanical shocks and thermal effects to a number
of diseases of the human internal organs. It is the
pain that informs about the development of the
disease [1, 2].

According to recent studies, almost 70 % of
Ukrainian doctors see patients with complaints of
pain in various parts of the body every day [3]. As
already mentioned, severe pain syndrome occurs as a
result of various mechanical injuries and diseases
and can be triggered by various factors: unsuccessful
surgery, circulatory system disorders, excessive
exposure to temperature, limb fractures, sprains,

pathologies of internal organs, etc. Even a person’s
intense emotional state can cause pain.

According to the World Health Organization,
90 % of all diseases are associated with pain. Most
often, pain affects the human musculoskeletal
system. According to statistics, half of all pain
syndromes are related to the musculoskeletal system,
and approximately 2 billion people in the world
suffer from pain and diseases of the musculoskeletal
system [4]. The World Pain Federation estimates that
musculoskeletal pain syndromes cause 21 % of all
disability worldwide. This means that billions of
people around the world are limited in their physical
activity because of pain. Studies in the United States
show that the cost of treating musculoskeletal pain is
approximately $ 600 billion dollars per year,
representing a significant economic impact on
society.

The most common disorders and diseases of
the musculoskeletal system are characterized by pain,
including constant pain, which, if treated negligently,
can lead to complete disability. Therefore, in order to
avoid such consequences, constant pain that haunts a
person and interferes with daily activities forces
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them to see a doctor. After such a visit, the patient is
given an extensive list of medications to treat and
relieve the pain. The complexity and multifactorial
nature of modern pain syndrome explains the fact
that it is not always possible to eliminate it with just
one drug, so in practice, a comprehensive approach
is used [5].

Therapy includes the use of various non-steroidal
anti-inflammatory drugs (NSAIDs) or analgesics, as
well as local anesthetics. NSAIDs are one of the
most popular drugs on the Ukrainian pharmaceutical
market, widely used to relieve both acute and
chronic pain. Drugs from the MO1A group of
Nonsteroidal anti-inflammatory and anti-rheumatic
drugs are the leaders in pharmacy sales in terms of
sales in monetary terms [6]. Today, there are many
drugs in this group on the market, and the top five
brands in terms of sales of drugs in this group in
monetary terms in the first five months of 2023 are
Nimesil, Nurofen, Fanigan, Affida, and Dexalgin.
According to recent studies, the sales share of group
MO01 “Anti-inflammatory and antirheumatic drugs”
reaches 8 %, and the sales share of group NO2
“Analgesics” reaches 7 %, which is the 1st and 2nd
place in terms of sales of the entire pharmaceutical
market of Ukraine [7].

Paracetamol (acetaminophen) has gained
widespread popularity. The combination of efficacy,
safety and relatively low price has allowed it to gain
popularity among doctors around the world. The
main advantage of paracetamol is that it can be
prescribed to patients with peptic ulcers, bronchial
asthma, hemophilia, in the postoperative period, etc.
However, compared to other NSAIDs, paracetamol
has a less pronounced anti-inflammatory effect and
almost no analgesic effect. At the same time, diclofenac
has both a pronounced anti-inflammatory effect and
good analgesic effect. Discovered in the early 70s of
the XX century, diclofenac is considered the “gold
standard” among NSAIDs in terms of the ratio of
clinical efficacy and the frequency of adverse
reactions. It still remains the most popular drug
among NSAIDs and is the best-selling drug among
all drugs [8].

Today, the Ukrainian pharmaceutical market
offers a wide range of analgesic-antipyretics and
NSAIDs, both alone and in combination with other
drugs. As for combinations, adding active
pharmaceutical ingredients (APIs) to each other can

increase the efficacy and safety of such drugs. This
idea is not new and has been used by drug
manufacturers for decades. Such drugs are available
in a variety of dosage forms (DF). The most common
are tablets for oral use, solutions for injection, as
well as topical dosage forms: ointments, liniments,
gels, patches, etc. Today, there are a number of
pharmaceutical aerosol compositions that are used
for the topical treatment of pain syndromes and
inflammatory processes by spraying them onto the
surface of the human skin. This method of administering
the active substances of medicinal products increases
their bioavailability and accelerates the onset of the
therapeutic effect. However, it should be noted that
the speed of action depends on the rate of penetration
of the active ingredients, i.e., when developing such
medicines, it is necessary to select a range of
excipients that would synergize with the API of the
product.

Despite the wide range of therapeutic agents
and treatments available, many patients with complex
musculoskeletal pain syndromes do not receive
adequate relief of their symptoms. Therefore, there is
an opportunity to develop new drugs based on a
combination of known compounds that could
provide a rapid analgesic effect followed by an anti-
inflammatory effect. Given the diversity of known
drugs, the method of administering active ingredients
in the form of a spray solution for external use
increases the bioavailability of the active ingredients
and accelerates the onset of the therapeutic effect.
Ease of use for the consumer is another important
factor in the selection of a spray form, and in some
cases price is also a deciding factor in the selection
of a drug.

According to the market research conducted in
the Ukrainian pharmaceutical market, the most
widely used NSAID is Diclofenac, represented by 93
trademarks in such medicinal products as gel, tablets
for oral use, suppositories, solutions for injection,
capsules, patches, eye drops, sprays [9]. It was also
found that Diclofenac in combinations is limitedly
represented on the market by 15 trade nhames, mostly
of foreign origin [9]. Previous studies of the
pharmaceutical market of topically applied medicinal
products for joint and muscle pain in a previous
review [10] showed that sprays as a dosage form are
limited (4.26 %) on the Ukrainian market.
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The aim of this study was to develop the
basics of the technology for obtaining an inexpensive
topical drug based on known APIs that will have
anti-inflammatory and analgesic effects for use in the
treatment of pain syndromes of musculoskeletal
diseases.

Materials and research methods

The active pharmaceutical ingredients for
the spray: procaine hydrochloride (novocaine
hydrochloride), benzocaine (anesthetic), racemic
menthol (purity > 99 %) were purchased from Istok-
Plus, Ltd. Diclofenac sodium (purity 99.5 %) was
purchased from Amoli Organics Pvt. Ltd. Ltd. in
India. Anhydrous ethanol (96 %) and purified water
were used as solvents. Dimethyl sulfoxide (DMSO)
pharmaceutical (99.9 %), Covalent LLC, Ukraine,
was used as an excipient.

The information resources of the State
Register of Medicinal Products of Ukraine were used
for the analysis of drugs in spray form [11]. Price
information was obtained from Tabletki.ua [12].
Material calculations were performed according to
the calculation methodology given in [13]. Economic
calculations were performed according to [14].

Results and discussion

At the first stage of our work, we conducted a
comparative characterization of sprays with anti-
inflammatory and analgesic effects in terms of
composition, price and volume of drugs available on
the Ukrainian pharmaceutical market. At present,
topical sprays with anti-inflammatory and analgesic
effects are represented by three names: “Argette
Spray”, “Diclofenac-Zdorovye Ultra”, and “Menovazan
Flexspray” [11, 12].

Table 1
Comparative characteristics of sprays with anti-inflammatory and analgesic effects
in the pharmaceutical market of Ukraine
. Volume of
Drug Price per primary
API Excipients package, .
(manufacturer) packaging,
UAH
ml
isopropyl alcohol, ascorbyl palmitate, propylene
Arget_te Spray . glycol, purified water, peppermint oil, sodium
(Pharbil Waltrop diclofenac . - . . 164.8 -
. dihydrogen phosphate, sodium dihydrate, sodium 25
GmbH, Germany) sodium . . 250.99
[12, 15] hydrogen phosphate, sodium dodecahydrate, trilon
' B, lecithin, anhydrous ethanol
Z(Ijjolrcol\(izleen?)(i;ra 96 % ethyl alcohol, propylene glycol, glycerin,
(Pharmaceutical diclofenac methylpar_aben, propyl|_oarabe_n ' mgthyl_pyrrolldmone, 88.42 -
. castor oil, peppermint oil, disodium edetate, 50
Company sodium - . . 100.1
“Zdorovye” LLC) sodium hydrogen phosphate, sodium dihydrogen
[12, 15] phosphate, purified water
benzocaine
Menovazan .
(anesthetic),
Flexspray rocaine 87.50 -
armaceutica i 6 ethyl alcoho
(DKP Ph ical h grochlorlde 70 % ethyl alcohol 15.9 70 50
Factory, LLC) Y . '
(novocaine),
[12, 15]
menthol

Table 1 shows that the cost of domestically
produced topical sprays is half that of a foreign
representative with a smaller package volume. It is
also worth noting that the package inserts for
“Argette Spray” and “Diclofenac-Zdorovye Ultra”
indicate that the approximate time for drying and the

onset of the drug’s effect is 3-5 minutes. However,
several experimental tests carried out by us showed
that the time indicated by the manufacturer was not
experimentally confirmed, but was much longer
(more than 10-15 minutes), which is a limiting
factor for the consumer when it comes to quick use.
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In addition, the stickiness and slow absorption of the
solution at the site of application of these topical
sprays remained. In contrast, the drying time of
“Menovazan Flexspray” was on average up to 2
minutes and the local anesthetic effect was rapid.

At the second stage of our work, we proposed
the optimal composition of a spray for topical use
with anti-inflammatory and analgesic effects.

The active substances for the development of
the spray can be different in chemical nature and
properties of APIs that have the necessary
therapeutic effect when applied to the skin, mucous
membrane or other parts of the human body.
Preference is given to APIs that do not lose their
therapeutic effect when applied topically. The final
product should be a spray comprising APIs selected
from the list of non-steroidal anti-inflammatory
drugs (NSAIDs) or local anesthetics, a solvent and
excipients. In this case, the composition should
contain at least one excipient that improves the
penetration of the active pharmaceutical ingredient
and accelerates the absorption of the API.

In the vast majority of cases, the active
ingredient of our spray analogs is a non-steroidal
anti-inflammatory drug selected from the group
that includes diclofenac, ibuprofen, nimesulide,
indomethacin, Kketoprofen, methyl salicylate,
piroxicam, naproxen, phenylbutazone, etc. Among
these APIs, we chose diclofenac, which has a
number of advantages. It has anti-inflammatory,
analgesic and antipyretic effects due to inhibition of
prostaglandin synthesis and thus reduces all
manifestations of inflammation (pain, edema, local
hyperthermia). Prostaglandins play an important role
in the genesis of inflammation, pain and fever. In
rheumatic diseases, anti-inflammatory and analgesic
properties of diclofenac provide a therapeutic effect
characterized by a significant reduction in the
severity of such manifestations of the disease as pain
at rest and during movement, as well as improvement
of the functional state. In post-traumatic and
postoperative inflammatory reactions, diclofenac
quickly and effectively relieves pain, reduces
inflammatory edema and swelling of the postoperative
wound [16, 17]. According to the ATC classification,
it is included in the drugs affecting the musculoskeletal
system, namely under the code MO1A BO5.
Diclofenac is a NSAID chosen by doctors of various

specialties for short-term use. Today, it is used in
surgery, traumatology, sports medicine, neurology,
gynecology, urology, oncology, ophthalmology, etc.
Diclofenac or its salt in the amount of 1-10 % (by
weight) is mainly used in liquid dosage forms. The
preferred salt of diclofenac is its sodium salt.

To enhance the local anesthetic and analgesic
effect, it was decided to add other active ingredients
to the spray. Since “Menovazine”, a well-known,
effective and inexpensive topical anesthetic, is
widely used among local anesthetics, its APIs are a
good complement to diclofenac. The solvents used
for the components of the medicinal product are 96 %
anhydrous ethanol and purified water with a final
concentration of 70 % ethyl alcohol. As an excipient
that improves the penetration of APIs through the
skin, we choose a substance from the group
including dimethyl sulfoxide, N-methylpyrrolidone,
1-methylpyrrolidone, 2-methylpyrrolidone, etc. We
chose dimethyl sulfoxide, which has a wide range of
pharmacological activities, including membrane
penetration, anti-inflammatory effects, local analgesia,
and is used as a carrier for active substances [15].

The choice of the concentration of active
ingredients for the spray was based on the
following. In finished medicinal products, the
concentration of diclofenac sodium salt is in the
range of 1-10 % (by weight), depending on the
dosage form. For example, in gels and other soft
dosage forms, the concentration of diclofenac
sodium salt is 5 % by weight, and in solutions for
injection - 2.5 %. In foreign patents for
medicinal products in the form of a spray
containing diclofenac, the recommended content
of diclofenac sodium salt is 4 % [18, 19]. As for
menthol, novocaine and benzocaine, their
guantitative composition corresponds to the drug
“Menovazine”, i.e., 2.5 % of menthol, as well as
1 % of novocaine and benzocaine.

The optimal concentration of DMSO has been
determined as follows. Patents for finished drugs
containing DMSO recommend a concentration of 0.5
to 12 % (w/w) [15]. To determine the DMSO content
required for the preparation of the spray, four 10 ml
solutions of DMSO in 70 % ethanol were prepared
with corresponding concentrations of 10, 9, 8 and
5 %. The main selection indicator was the drying
time after application of the solution of the
corresponding concentration to the skin (Table 2).
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Table 2
Comparative analysis of the concentration of DMSO alcohol solution by drying time
No. of the sample of the DMSO solution concentration / drying time
test solution 10 % 9% 8% 50
Sample No. 1 5 min 34 sec 4 min 7 sec 3 min 37 sec 1 min 29 sec
Sample No. 2 5 min 49 sec 4 min 38 sec 3 min 42 sec 1 min 44 sec
Sample No. 3 4 min 37 sec 4 min 52 sec 3 min 55 sec 1 min 37 sec
Average value 5 min 20 sec 4 min 32 sec 3 min 45 sec 1 min 37 sec

It is noteworthy that no film remained on the
skin after application of a 5 % solution, whereas
other concentrations did not give such results. The
10 % DMSO solution left the most noticeable film,
which dried completely after some time. As a result,
we have chosen to use a 10 % concentration of
DMSO for the preparation of the spray.

In the third stage of the work, the spray was
produced on the basis of the experimental data of
the previous stage and based on the literature [15,
18, 19]. The following three stages were chosen
for its production: preparation of the solution,

n1 = 1, filtering the solution, », = 0.99; packaging,
and labeling packaging, #s = 1. The total yield is
Nwotal = 0.99. For each stage, material calculations
of raw material consumption were performed in
the laboratory to obtain 50 40 ml spray bottles.
As a result, a solution for external use in the form
of a spray in vials was obtained from the last
stage “Packing, labeling and packaging” (Table 3).
The drying time of the resulting spray was on
average 5 min 35 s, which is significantly less
compared to “Argette Spray” and “Diclofenac-
Zdorovye Ultra”.

Table 3

Consumption of raw and auxiliary materials and supplies for the production of the final spray

Spent: Received:
Name of raw materials Amount Name of the final product Amount
and intermediate products kg | ps. and waste kg | pos.
Raw materials Product in its original packaging
Solution of active substances (diclofenac
sodium — 4 %, menthol - 2.5 %, novocaine —
1 %, benzocaine — 1 %, dimethyl sulfoxide — | 1.9912 Final spray 1.9514 | 49
11 %, anhydrous ethanol — 53.5 %, purified
water — 27 %)
Plastic bottle 40 ml 50 Waste: - -
Spray nozzle 50 Losses: 0.0398 |1
Self-adhesive label 50
Carton box 50
Total: 1.9912 Total: 19912 |50
Therefore, the principal technological scheme production, solution filtration and packaging,

for the production of a spray for external use is
presented in Fig. 1. It includes the implementation of
the following three technological stages: solution

labeling and packaging (Fig. 1).
Anhydrous ethanol is fed from the storage
tank ST-1 through the measuring tank MT-1 with
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compressed nitrogen to the reactor R-1, which is
equipped with an anchor stirrer. Then purified
water is fed into the reactor through a flow meter.
The sodium salt of diclofenac, menthol,
novocaine, and benzocaine are manually added
through a manhole and mixed until a
homogeneous, clear solution is formed. Dimethyl
sulfoxide is then added from storage tank ST-2
through the measuring tank M-2 and stirred until
the solution is homogeneous. The ready reaction

mass from the reactor R-1 is pressed by
compressed nitrogen onto the print filter F-1. The
filter precipitate is transferred for recycling, and
the filtrate is collected into the collector Col-1
and transferred for packing in bottles.

The production of a spray for external use with
anti-inflammatory and analgesic effect includes three
stages, as well as auxiliary works: sanitary preparation
of production (AW1) and preparation of raw
materials and materials (AW2) (Fig. 2).

Compressed nifrogen
> Purified t{a!af L L i
/
MT-1

L

Anhydrous
gthanol DMSO

ST-1 ﬁ ST-2

Diclofenac sadium
Menthol
Novocaine
Benzocaine for recycling
S Ey
Col-1

& for packing into bottles

Fig. 1. A principal technological scheme for the production of a solution for spray packaging
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AWI1. Sanitary preparation

of production
A 4
r ™
AW?2. Preparation of raw
materials and materials
| J/
( N\
Stage 1: Preparation of the
solution
Weighted N~ /
diclofenac sodium Control of the number of
weighed and measured
Weichted components
eig
novocaine v
Weighted menthol { Mixing of components
Weighted
benzocaine
Process mode, mixing
Measuring ethanol time, type of stirrer
volume
Measuring the
volume of DMSO
Measuring water N . Filter type, filtration
volume Stage 2. Filtering the mode, compressed
solution nitrogen pressure
value

A 4

Sediment for recycling

\4

) ) A f
; . . ppearance o
Plastic bottles, spray Stage 3. Packing, labelin
nozzles, self-adhesive & g’. g bott!es, correct
labels and packaging marking, volume
~ / control
h h Packaging quality
Carton box Packing bottles in a carton p and integrity, print
packaging ) box ) clarity
y
. Monitoring of final
Final pl’OdllCt product indicators

Fig. 2. Technological stages of the spray production process

In Stage 1, “Preparation of the solution” ethyl stirred by controlling the process mode, stirrer speed
alcohol and purified water are added into the reactor, and stirring time.
and the sodium salt of diclofenac, menthol, novocaine, Stage 2 of the production, “Filtering solution”,
and benzocaine are added to form a solution. begins with the selection of the filter brand and

Dimethyl sulfoxide is then added. The process is filtration mode, and the value of the compressed
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nitrogen pressure is controlled. The sediment
remaining on the filter is removed, and the filtrate is
fed to the next Stage 3, “Packaging, labeling and
packaging”. The final solution is packaged in 40 ml
plastic bottles equipped with spray nozzles and
labeled with self-adhesive labels. The appearance of
the bottles, the accuracy of the packaging and the
correctness of the labeling are monitored. The bottles
are packaged in cartons that are inspected for quality
and integrity, as well as the clarity of the label
printing. The finished product is checked according
to the final product indicators.

At the last stage of our work, we carried out
economic calculations of the cost and value of the
proposed spray. The calculated price of 100 ml of
the product is 288.54 UAH, so the price of the final
spray in a 40 ml bottle is 115.41 UAH. The price of
“Diclofenac-Zdorovye Ultra” ranges from 88.42 UAH
to 100.1 UAH (Table 1). The slight increase in price
relative to “Diclofenac-Zdorovye Ultra” is due to the
addition of novocaine, benzocaine and menthol as
active ingredients to the spray. If we compare the
price with foreign analogues, the proposed product
has a price that is half the average retail price of the
drug “Argette Spray” (Table 1). Thus, the total cost
of developing this drug is optimal, given the fact that
the manufacture of such a drug on an industrial scale
is quite affordable and simple. Comparison of the
price of the drug developed by us with analogs
shows that this development has a high level of
profitability and indicates the prospect of introduction
into the pharmaceutical industry.

Conclusions

As a result of the research, the basics of the
technology for obtaining an analgesic and anti-
inflammatory agent for external use based on known
APIs and excipients in the form of a spray were
proposed. The quantitative content of active
pharmaceutical ingredients and excipients for the
preparation of the spray was proposed and substantiated.
Material calculations allowed to estimate the amount
of active pharmaceutical ingredients and excipients
for the preparation of the spray in the laboratory and
its packaging in 40 ml vials. A basic technological
scheme and a flow chart for the preparation of the
spray were developed and presented. It was found
that the drying time of the resulting spray is on
average 5 min 35 s, which is significantly lower in

comparison with the drugs “Argett Spray” and
“Diclofenac-Zdorovye Ultra”. Comparison of the
proposed spray with the closest analogues in the
pharmaceutical market of Ukraine in terms of price
showed that the cost of a bottle of the proposed spray
slightly exceeds the price of domestic analogues and
is half the price of foreign analogues. The results of
the work demonstrate a high level of economic
profitability of the development of such a product for
use in the treatment of pain syndromes of diseases of
the musculoskeletal system and indicate the prospect
of introducing this development into the pharmaceutical
production.
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! Harmionaneuuit yniepcuteT “JIbBiBChbKa MOJiTEXHIKA”,
Kaeapa TEXHOJIOTIT 010JIOTIYHO aKTHBHUX CIONYK, (hapMarlii Ta 610TeXHOIOTii
2 Kaynacekuii TexHoNMOTiuHMIA yHIBepcuteT, Kaynac, Jlutsa

PO3POBJIEHHSI OCHOB TEXHOJIOI'Ti OJIEPKAHHS CITPES
JJIAA 30BHIIIHBOTI'O 3ACTOCYBAHHSA

Po3po6/1eH0 0CHOBH TeXHOJIOTIi o/1epkaHHsA 3ac00y JJIsl MicleBOr0 3aCTOCYBaHHS 3i 3He00TI0BATBHOI0
Ta NPOTHU3ANATBHOIO Ai€10 Y ¢opMmi cipesi. 3anpONOHOBAHO KUIBKICHHI BMiCT AKTHBHHX (papMaleBTHYHHX
iHrpemieHTiB Ta NONMOMIKHUX pe4OBMH. BUKOHAHO MOPIBHAJBLHMII aHAJI3 eSIKHX NMOKA3HMKIB 0Jep:KaAHOI0
crpesi 3 aHAJI0raMu Ha ¢apManeBTHYHOMY PUHKY YKpainu. MaTepiaibHi po3paxyHKH AaJu 3MOTy OLiHMTH
KIIbKOCTI aKTUBHHMX apMaleBTUYHUX iHTPedi€HTIB Ta J1O0NOMI>KHUX PeYOBHUH /JIsl O/iep:KaHHS cnpesi Ta ¢a-
cyBaHHS iioro y guiakonu y Jadoparopuux ymosax. Ha ocHOBi MaTepiajibHUX pPO3paxyHKiB 3alIpONIOHOBAHO
NPUHIUIIOBY TEXHOJIOTIYHY cXeMy BHPOOHUITBA rOTOBOIO JiKapchbKkoro 3aco0y. BukoHaHo ekoHOMi4Hi po3-
PAXyHKH, L0 AeMOHCTPYIOTb BUCOKHi piBeHb €KOHOMIYHOI BUTIIHOCTI PO3pO0JEeHHS TAKOIr0 JiKapChKOro

3aco0y.

Kurouosi cjioBa: 6inb y cyriio6ax ado M’si3ax; cnpeii 1Jis1 30BHIIIIHBLOTO 3aCTOCYBaHHS; aKTUBHI dap-
MaleBTUYHI iIHIpPei€HTH; 10NOMiXKHi peYOBUHM ; MPUHIMIIOBA TEXHOJIOTiYHA cXeMa.
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