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1. Introduction
Since the beginning of the full-scale invasion, 

cases of eye trauma have become more frequent. Even 
relatively mild mechanical exposure can damage ocular 
tissues, and the number of patients who need urgent 
pharmacological support continues to increase. Recent 
reports indicate that injuries to the organ of vision ac-
count for more than 13% of all traumas registered 
during hostilities. Although military personnel remain 
the most affected group, similar injuries are increasing-
ly observed among workers in industrial and agricultur-
al sectors who are exposed to dust, chemicals and me-
chanical irritants daily.

Traumatic injuries are often followed by inflam-
mation and may be complicated by bacterial or fungal 
infection, which negatively influences treatment out-
comes. As a result, the need for ophthalmic preparations 
combining several pharmacological actions – anti-in-
flammatory, antibacterial, antifungal and membrane-sta-
bilising – continues to increase [1, 2].

Recent publications show active development of 
combination ophthalmic agents in countries such as the 
USA, Italy, Japan, the Republic of Korea and Israel [3]. 
Our previous research also focused on analytical meth-
ods for determining active substances in combination 
formulations and optimisation of the assay for 1-(β-pheny-
lethyl)-4-amino-1,2,4-triazolium bromide in injectable 
dosage forms [4–6]. These findings created the basis for 
further studies on the physicochemical compatibility of 
potential active components.

Combined ophthalmic formulations are clinically 
important because they target several pathogenic mecha-
nisms at once, improve therapeutic efficiency and reduce 
the number of separate dosage forms required. This is 
especially relevant for patients with chronic eye diseases 
who require long-term therapy and strict adherence to 
treatment. [7].

Using a single preparation that contains several 
active ingredients reduces the overall load on the cornea 
and conjunctiva compared with applying multiple indi-
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vidual medications. Combining pharmacologically com-
plementary components in one dosage form can also 
provide a synergistic effect, allow less frequent adminis-
tration and decrease the number of excipients that may 
irritate ocular tissues.

The use of multi-component ophthalmic formula-
tions remains relevant, as they help increase the safety 
and convenience of therapy and meet the strict sterility 
and quality requirements of ocular dosage forms [8, 9].

Diclofenac sodium is a representative of nonsteroi-
dal anti-inflammatory agents with pronounced analgesic 
effects. Its mechanism is not fully characterised, although 
it is known that the drug does not act via the pituitary-ad-
renal system. The main pharmacological effect is associat-
ed with inhibition of prostaglandin synthesis through 
suppression of prostaglandin synthetase activity [10–13].

When used as ophthalmic drops, diclofenac de-
creases prostaglandin synthetase activity in inflamed 
ocular tissues without exerting immunosuppressive ef-
fects. Clinical data demonstrate that the preparation re-
duces intraoperative miosis in cataract surgery and alle-
viates inflammation after various ophthalmic procedures.

In some cases, after operative interventions ob-
served insignificant and transient increase intraocular 
pressure, even under the condition use of diclofenac sodi-
um. After instillation of 0.1% solution, the drug rapidly 
penetrates the aqueous humour, where concentrations 
vary widely. Systemic absorption is minimal, as un-
changed diclofenac is typically undetectable in plasma 
after a single administration [14].

The feasibility of using diclofenac sodium in oph-
thalmology increases when it is used as part of combina-
tion drugs, rather than as monotherapy. This is due to the 
possibility of combining the anti-inflammatory and anal-
gesic effects of diclofenac with other pharmacological 
effects, such as antibacterial or anti-edema activity, 
which is provided by additional components of the com-
position. Combined use contributes to increased thera-
peutic efficacy, reduced duration of treatment and re-
duced risk of postoperative complications, in particular 
cystoid macular edema and secondary infection. In addi-
tion, the synergistic effect of the active ingredients in 
combined preparations allows for a reduction in the dos-
age of each of them, which potentially reduces the likeli-
hood of side effects [15].

Special attention in the context of ophthalmologi-
cal combinations deserves data on para-aminobenzoic 
acid as a component with pronounced antioxidant poten-
tial. Experimental work in animal models has shown its 
ability to preserve photoreceptor function, decrease oxi-
dative stress markers, and reduce structural retinal dam-
age [16–18].

The development of dosage forms containing more 
than one active ingredient requires a thorough assess-
ment of the physicochemical compatibility of the active 
ingredients, as interactions between components during 
manufacturing or storage can compromise the stability 
and biological activity of the drug [19, 20]. To identify 
such risks at an early stage, developers use both compu-
tational prediction tools and experimental analytical 

methods. Among the latter, derivatographic methods 
play an important role, as they allow for a detailed assess-
ment of the thermal behavior, stability limits, and degra-
dation pathways of individual substances and their mix-
tures. Thermogravimetric analysis is widely used to 
characterize the changes in the mass of a sample during 
controlled heating and serves as a practical method for 
detecting potential incompatibilities between active 
pharmaceutical ingredients [21, 22]. This method helps to 
identify possible intermediate stages and to identify in-
teractions that may occur in a combination drug product. 
Such information is critical during pharmaceutical devel-
opment, as thermal instability or incompatibility of the 
compounds under investigation may lead to loss of bio-
logical activity.

The combination of diclofenac sodium and pa-
ra-aminobenzoic acid is of particular interest in this 
context, as both substances may undergo physicochemi-
cal changes upon heating, which may affect their biolog-
ical activity and storage. Diclofenac sodium is a well-
known non-steroidal anti-inflammatory drug, while 
para-aminobenzoic acid may serve as a biologically ac-
tive component that potentiates the pharmacological ac-
tion of the former. Studying their combined thermal be-
havior helps to clarify whether interactions occur between 
them, to determine the temperature limits of stability, 
and to assess possible risks associated with technological 
and storage conditions [23].

Although the individual thermal properties of di-
clofenac sodium and para-aminobenzoic acid have been 
previously described in the literature, data on their joint 
behavior remain unexplored. The study of the thermo-
gravimetric profile of their combination may provide 
new insights into potential interactions and degradation 
stages, which is important for the development of stable 
ophthalmic drugs.

The aim of the study. The purpose of this work is 
to experimentally evaluate the thermogravimetric profile 
of a mixture of diclofenac sodium and para-aminobenzo-
ic acid, study the physicochemical compatibility between 
these compounds, and determine the feasibility of using 
this combination in the development of eye drops with 
anti-inflammatory, antibacterial, and antifungal effects.

2. Research planning (methodology)
The study of the thermogravimetric behavior of 

the combination of diclofenac sodium and para-amino-
benzoic acid is based on the physico-chemical interac-
tions between the active ingredients and the need to 
identify possible thermal incompatibilities.

The first stage included the selection of samples 
for analysis. The individual active pharmaceutical ingre-
dients – diclofenac sodium and para-aminobenzoic acid, 
as well as their combination in a 1:1 ratio, were studied 
separately. This stage allowed us to characterize the 
main thermogravimetric properties of each substance 
and determine the temperature ranges in which chemical 
changes can occur.

In the second stage, thermogravimetric analysis 
was carried out in combination with differential thermal 
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analysis using a Shimadzu DTG-60 derivatograph (Japan) 
in the temperature range from 17°C to 250°C. In this study, 
the sample weight ranged from 12.65 to 21.01 mg, the 
heating rate was 10°C/min, and α-Al2O3 was used as a 
reference compound [24]. To ensure reproducibility, the 
same parameters were maintained throughout all measure-
ments, and the analyses were repeated under the same 
conditions according to the rele-
vant requirements [25].

At the third stage, a com-
parative study of the obtained 
derivatograms was carried out in 
order to identify changes in the 
thermal behavior of the compo-
nents in the mixture compared to 
individual substances. Special 
attention was paid to temperature 
intervals where endo- and exo-
thermic effects overlap or change, 
which may indicate a physico-
chemical interaction between ac-
tive pharmaceutical ingredients.

Thus, the research ap-
proach allowed us to assess the 
thermal stability of each compo-
nent and the mixture as a whole, 
determine the critical tempera-
tures of the onset of destruction 
and melting, and record possible 
changes in heating profiles that 
may be important for the phar-
maceutical development of the 
combined dosage form.

3. Materials and methods
The active pharmaceutical 

ingredients of diclofenac sodium, 
para-aminobenzoic acid and a 
mixture of diclofenac sodium 
and para-aminobenzoic acid (1:1) 
were used as objects of thermo-
gravimetric studies. Thermo-
gravimetric analysis was per-
formed on a derivatograph 

”Shimadzu DTG-60” (Japan) with 
a platinum-platinum-rhodium 
thermocouple when heating sam-
ples in aluminum crucibles (tem-
perature range from 17 to 200°С). 
α-Al2O3 was used as a reference substance. The heating 
rate was 10°С per minute. The mass of the studied samples 
was from 12,65 mg to 21,01 mg. The derivatograph 
graphically recorded the obtained data in the form of T, 
DTA, TGA curves. The T curve on the derivatogram 
shows the change in temperature, and the TGA curve 
shows the change in the mass of the sample during the 
study period. The DTA curve reflects the differentiation of 
thermal effects, contains information about endothermic 
and exothermic maxima, and can be used for qualitative 
assessment of the derivative.

4. Results
First, the obtained derivatographic profiles of indi-

vidual active pharmaceutical ingredients – diclofenac 
sodium, para-aminobenzoic acid (Fig. 1, 2) were studied 
within the temperature range from 17°C to 250°C, which 
subsequently allowed us to characterize the thermal 
stability of these substances during heating.

In the range of 20–250°C, the diclofenac sodium 
sample (Fig. 1) does not undergo a noticeable loss of 
mass: the change is 0.19% of the initial one, which is 
within the error range of the instrument. The absence of 
dehydration and evaporation of solvents indicates a high 
degree of purity of the substance and the absence of wa-
ter of crystallization. No stage of mass loss was detected, 
therefore, the beginning of thermal destruction of di-
clofenac lies above 250°C, which is consistent with the 
literature data (260–285°C depending on the salt/acid). 
At temperatures from 70 to 90°C, a low-amplitude endo-

Fig. 1. Derivatogram of diclofenac sodium

Fig. 2. Derivatogram of para-aminobenzoic acid
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thermic rise was observed, at which traces of adsorbed 
moisture were probably removed, and already in the 
range from 150 to 188°C, an endothermic peak was de-
tected, which is associated with the beginning of melting 
of the substance [15]. The absence of dehydration and 
mass changes gives reason to consider the substance 
suitable for technological operations of drying and gran-
ulation at temperatures ≤ 120°C without the risk of de-
struction.

The thermoanalytical profile of para-aminobenzo-
ic acid indicates the presence of three stages. The first 
stage in the temperature range of 20–136°C is character-
ized by the stability of the sample mass (the change in 
mass was less than 0.6%). At the second stage in the 
temperature range of 135–205°C, the change in the sam-
ple mass increased to 11%, which is probably associated 
with the decarboxylation of the substance. At the third 
stage in the temperature range of 205–250°C, the change 
in mass loss significantly increased (less than 75%), 
which can be characterized as the occurrence of oxida-
tive-thermal destruction. Para-aminobenzoic acid is ther-
mally stable only up to 130°C, further heating leads to an 
endothermic transition (136°C), after which melting is 
observed at 187°C, which is accompanied by exothermic 
decarboxylation and large-scale decomposition to gases 
and a carbon residue.

Subsequently, an analysis of the derivatogram of a 
mixture of active pharmaceutical ingredients pow-
ders (1:1) was performed - a mixture of diclofenac sodi-
um and para-aminobenzoic acid (Fig. 3).

Discussion of the results of the study. The most 
significant result of the conducted studies is the detection 
of significant differences in the thermogravimetric pro-
file of the mixture of diclofenac sodium and para-amino-
benzoic acid compared to the profiles of each component 
separately. The thermogravimetric analysis data indicate 
the presence of changes in the temperature of onset of 

thermal decomposition and energy characteristics, which 
may indicate a physicochemical interaction between the 
components. Similar changes in the thermal behavior of 
mixtures of pharmaceutical substances are often associ-
ated with the formation of intermolecular bonds or par-
tial solvation, which, in turn, affects the stability and 
bioavailability of the drug.

The results obtained are consistent with the litera-
ture, where the study of combinations of NSAIDs with 
other pharmacologically active substances showed a 
change in thermal stability and the possibility of improv-
ing pharmacokinetic characteristics [1, 3]. In particular, a 
similar effect was described when combining ibuprofen 
with antioxidants and when combining naproxen with vi-
tamin E, which led to a shift in the temperature of thermal 
decomposition towards higher values, increasing the sta-
bility of the finished dosage forms. At the same time, in 
our case, a decrease in the temperature of the onset of 
mass loss was observed for a mixture of diclofenac sodium 
and para-aminobenzoic acid, which differs from the re-
sults of most studies conducted for similar systems. This 
may be due to the acid-base properties of para-aminoben-
zoic acid, which is able to form salts or complexes with 
diclofenac with lower binding energy than in the original 
crystalline forms. This feature requires additional studies 
using IR spectroscopy and powder X-ray diffraction to 
accurately confirm the mechanism of interaction.

Comparison with international pharmaceutical 
systems shows that combinations of diclofenac with other 
active substances are widely used in combination drugs, 

in particular with misoprostol (Ar-
throtec®, Pfizer, USA), paracetamol 
or metamizole, which is aimed at 
increasing the effectiveness and re-
ducing the side effects of monother-
apy. At the same time, the use of di-
clofenac in combination with 
para-aminobenzoic acid in ready-
made forms is not widespread, 
which emphasizes the novelty and 
potential practical value of this study.

The results obtained can be 
implemented in the development of 
new combination drugs aimed at re-
ducing the dosage of diclofenac while 
maintaining or increasing therapeutic 
efficacy. This will reduce the risks of 
gastrointestinal complications char-
acteristic of NSAIDs and increase 
patient compliance with treatment. A 
promising direction for further re-
search is the study of the pharmaco-

kinetics and pharmacodynamics of such a combination in 
vivo, as well as determining the optimal ratio of compo-
nents to ensure maximum stability and therapeutic effect.

5. Discussion
As a result of this study, thermal compatibility 

between diclofenac sodium and para-aminobenzoic acid 

Fig. 3. Derivatogram of a mixture of diclofenac sodium and para-
aminobenzoic acid (1:1)
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was established. Thermograms of the mixture of the 
studied substances did not reveal any additional endo-
thermic or exothermic transitions, and did not show any 
changes in the chemical structure of the individual com-
ponents. This indicates the absence of physicochemical 
interactions in the studied temperature range, which is an 
important aspect for the stability of a promising com-
bined drug. These results confirm previous thermograv-
imetric and spectroscopic studies of samples containing 
nonsteroidal anti-inflammatory drugs, where combina-
tions of compounds similarly retained their structural 
characteristics. Comparison with the literature revealed 
several parallels and notable differences. For example, 
the absence of pronounced degradation below 250°C 
corresponds well to the data presented by [10]. In this 
study, the onset of decomposition of diclofenac sodium 
above 260°C is described [10]. In turn, para-aminobenzo-
ic acid showed the characteristic decomposition observed 
during thermal decarboxylation of this compound [17]. 
In contrast to combinations containing antioxidants or 
polyphenolic compounds that slow down the decomposi-
tion of compounds with non-steroidal anti-inflammatory 
activity, the studied mixture showed a slight shift to-
wards lower temperatures [22].

Compared with multicomponent drugs that have 
been studied internationally, these results confirm the 
trend towards the development of combined drugs aimed 
at improving stability and therapeutic efficacy. The mix-
ture of diclofenac sodium and para-aminobenzoic acid 
remains unexplored, since there are currently no similar 
drugs with this composition on the pharmaceutical mar-
ket. This emphasizes the novelty and promising pros-
pects for application in ophthalmology and anti-inflam-
matory therapy of this study.

Practical significance. The results of this study 
have significant practical value for the development of 
new combination drugs. The obtained thermogravimet-
ric data show high stability of the mixture of diclofenac 
sodium and para-aminobenzoic acid. It also allows you to 
choose the appropriate technological parameters at the 
early stages of the development of the dosage form. Such 
information is very relevant for manufacturers, as it helps 
to clarify both the composition and the conditions of 
sterilization and storage of anti-inflammatory drugs. at 
the same time, high quality and thermal stability of these 
drugs will be ensured.

The results of this study can also be used in quali-
ty control. This will allow early detection of potential 
thermal incompatibility between active substances and 
excipients. From the point of view of the study, the meth-
odology presented in this work can serve as a benchmark 
for studying the thermal behavior and compatibility of 
other binary or more complex combinations of biologi-
cally active compounds.

The results of this study may increase interest in 
developing therapeutic strategies in which diclofenac 
sodium can be combined with synergistic compounds to 
increase its efficacy and reduce adverse reactions. Taken 
together, the results of this work contribute to the cre-

ation of safe, stable and pharmacologically effective 
drugs and expand the possibilities of pharmacotherapy.

Study limitations. Despite its promising outcomes, 
the study has several limitations that should be considered. 
The experiments were performed under controlled labora-
tory conditions, which do not fully reproduce the range of 
environmental factors present in industrial manufacturing 
or long-term storage. The thermogravimetric analysis al-
lows for the evaluation of thermal stability under pro-
grammed heating, but it does not consider the influence of 
humidity, light exposure, or extended storage, which can 
significantly alter the stability of both diclofenac sodium 
and para-aminobenzoic acid.

Moreover, the research was limited to a binary 
system, without including common excipients such as 
stabilizers that may modify compatibility behavior. An-
other important limitation is the absence of in vivo or 
clinical testing of the proposed combination, since the 
main goal of this work was to establish physicochemical 
compatibility. Future studies should therefore include 
pharmacokinetic and safety assessments to confirm the 
clinical feasibility of the developed approach.

Prospects for further research. Further research 
should focus on expanding the scope of studies on the in-
fluence of different excipients, such as microcrystalline 
cellulose, polyvinylpyrrolidone or polysorbates, on the 
thermal and physicochemical behavior of the combination.

Long-term storage tests under stress conditions 
should be performed to assess the stability of the formu-
lation. Finally, moving from in vitro to in vivo studies 
would be a logical next step to verify the pharmacody-
namic and pharmacokinetic properties of the developed 
combination and confirm its therapeutic potential in 
clinical settings.

6. Conclusions
In this study, we studied the thermogravimetric 

behavior of diclofenac sodium, para-aminobenzoic acid, 
and their mixture in a 1:1 ratio. The results showed that 
each substance has its own characteristic thermal profile, 
which reflects its stability in a certain temperature range. 
The thermograms of the pure compounds corresponded 
to the profile of the mixture, indicating the absence of 
chemical interaction between them during heating. This 
confirms the compatibility of these two substances at the 
stage of preliminary technological assessment.

It was also found that technological operations in 
the production of medicinal products containing these 
biologically active compounds should not exceed 120°C. 
Working within this temperature range helps to prevent 
undesirable chemical changes and preserves the physico-
chemical properties of both the individual substances 
and their mixture. This recommendation is important 
when choosing conditions for sterilization or other pro-
cessing steps.

Overall, the study confirms that diclofenac sodi-
um and para-aminobenzoic acid remain stable when 
combined and provides scientific evidence for their po-
tential use in new combination drugs. The results are also 
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practical for pharmaceutical development, as they help 
optimize temperature conditions during production, im-
prove the stability of dosage forms and reduce the risk of 
degradation of biologically active compounds during 
storage. The novelty of this work lies in establishing the 
derivatographic characteristics of these substances and 
confirming their compatibility, which paves the way for 
further research aimed at creating an effective and safe 
combination drug in ophthalmology.
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