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Annotation: Increased bioavailability and rapid onset of the diuretic effect of
furosemide are necessary for accelerated elimination of toxins in acute and chronic
diseases associated with swelling, as well as in acute and chronic poisoning. In
conditions where oral or parenteral administration of furosemide is difficult or
impossible due to limitations in a number of diseases, it is important to use topical
forms of furosemide, in particular, tablets for resorption. Experimental
substantiation of quality standards and methods of analysis of tablets for resorption
containing furosemide.
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The objects of the study are furosemide and resorption tablets manufactured at
the pharmaceutical company's production site. The research methods are
spectrophotometric, chromatographic (HPLC). The basic physic-chemical and
technological properties of furosemide have been investigated. It has been
established that furosemide, as a practically insoluble substance in water, is
advisable to be introduced into the composition of a locally resorptive drug in the
form of a water-soluble derivative. Methods for the determination of furosemide in
tablets for resorption have been developed using two methods, spectrophotometry
and HPLC, which meet the basic validation criteria, are characterized by accuracy,
reproducibility, relative ease of execution, and allow for quality control of the drug
at all stages of production. Conclusion. The physic-chemical properties of
furosemide make it possible to obtain water-soluble derivatives that can be included
in the composition of topical resorptive dosage forms. We have obtained furosemide

in the form of potassium salt, which is the active ingredient of tablets for resorption,
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selected and tested the composition of tablets, and developed experimental series.
Methods of detection and quantitative determination of furosemide have been
developed, tested and certified.

The test solution. 50 mg of the substance is placed in a measuring flask with a
capacity of 100 ml, dissolved in a 0.1 M sodium hydroxide solution and the volume
of the solution is brought to the mark with the same solvent. 1 ml of the resulting
solution is placed in a measuring flask with a capacity of 100 ml and the volume of
the sodium hydroxide solution with a 0.1 M solution is adjusted to the mark. The
absorption spectrum of the test solution in the wavelength range from 220 to 350 nm
should have absorption maxima at 228 nm, 270 nm and 333 nm. A 0.1 M sodium
hydroxide solution is used as the reference solution. The ratio of optical density
values A270/A228 should be from 0.52 to 0.57. 3. High-quality reaction. 0.05 g of
the substance is dissolved in 2 ml of 96 % alcohol and 25 ml of hydrochloric acid
solution of 1 m is added. The flask is covered with a watch glass and heated in a
boiling water bath for 15 minutes. The solution is cooled, add 15 ml of sodium
hydroxide solution 1 M, 3 ml of sodium nitrite solution 0.1 M and soak for 3 minutes,
then add 1 ml of sulfamic acid solution 3% and 1 ml of naphthyl ethylenediamine
dihydrochloride aqueous solution 0.5%; purple-red staining should appear.

The mobile phase (PF). 0.2 g of potassium phosphate dihydrogen phosphate
and 0.25 g of cetrimide are dissolved in 70 ml of water, the pH of the ammonia
solution is adjusted to 7.0 and 30 ml of propanol is added. The test solution. 50 mg
of the substance is placed in a measuring flask with a capacity of 50 ml, dissolved
in PF and the volume of the solution is brought to the mark with the same solvent.
A solution for testing the suitability of a chromatographic system. 20 mg of a
pharmacopoeial standard sample of impurity A is placed in a measuring flask with
a capacity of 20 ml, dissolved in PF and the volume of the solution is adjusted with
the same solvent to the label. 1 ml of the obtained solution and 1 ml of the test
solution are placed in a measuring flask with a capacity of 20 ml and the volume of

the PF solution is adjusted to the mark. 1 ml of the resulting solution is placed in a




measuring flask with a capacity of 20 ml and the volume of the PF solution is
adjusted to the mark.

Chromatograph the solution to verify the suitability of the chromatographic
system and the test solution. The relative retention time of the connections.
Furosemide — 1 (about 7.5 min); impurity C — about 0.5; impurity B — about 0.6;
impurity A — about 0.8; impurity E — about 1.3; impurity D — about 1.5. Suitability
of the chromatographic system. On the chromatogram of the solution for testing the
suitability of the chromatographic system: - the resolution (RS) between the peaks
of impurity A and furosemide should be at least 4.0; - the asymmetry factor (AS) of
the peaks of furosemide and impurity A should be no more than 1.8; - the relative
standard deviation of the area of each peak of furosemide and impurity A should be
no more than 5.0% (6 injections); The permissible content of impurities. On the
chromatogram of the test solution: - the peak area of any impurity should not exceed
the peak area of impurity A on the chromatogram of the solution for testing the
suitability of the chromatographic system (no more than 0.25%); - the sum of the
peak areas of all impurities should not exceed more than twice the peak area of
impurity A on the chromatogram of the solution for testing the suitability of the
chromatographic system (no more than 0.5%). Peaks with an area of less than 0.1 of
the peak area of impurity A on the chromatogram of the solution for testing the
suitability of the chromatographic system (less than 0.025%) are not taken into
account.

However, we have shown the key role of the carboxyl group in ensuring the
diuretic and saluretic activity of furosemide. The substitution of the active hydrogen
atom of this group with hydrophobic methyl and ethyl radicals completely deprived
furosemide of the ability to affect kidney function in an experiment in rats [1]. In
subsequent studies, we found that changes in the geometry of the furosemide
molecule, which cause pronounced steric difficulties in the formation of a hydrogen
bond with the active hydrogen atom of the carboxyl group leads to a loss of the

diuretic activity of the drug. It was also shown that the spatial structure of the



furosemide molecule largely depends on the presence in its structure of an
intramolecular hydrogen bond between the oxygen of the carboxyl group and the
hydrogen of the amino group. The rupture of this connection leads to significant
changes in the spatial characteristics of matter [2]. Bio- the logical activity of
medicinal substances acting on the principle of intermolecular interaction with
biological targets is realized by two main mechanisms:

1) the formation of strong hydrogen bonds between polar groups of the ligand
and target;

2) hydrophobic effect when present in molecules hydrophobic segments.

In this regard, most effective and highly selective medicinal substances, which
are complex organic compounds, contain in their molecules the necessary set of
polar groups capable of forming strong hydrogen bonds with proteins and a
hydrophobic segment in an aqueous medium. The hydrophobic regions of the
molecules increase the selectivity of the ligands and, in addition to the polar groups,
increase the strength of the ligand-target complex due to the energy of the
hydrophobic effect. The purpose of the work: to study the relationship between the
size of the hydrophobic segment of the furosemide molecule and its diuretic activity.

The basic geometric parameters, the angles between the planes of the benzene
ring and the furan cycle, as well as the angles between the plane of the ring, the
carboxylic and sulfonamide groups are almost identical in these molecules. In
general, the geometry has not undergone significant changes, with the exception of
the iodine substituent itself, which has a large Van der Waals radius. A comparative
analysis of the structures of these molecules has shown that their geometric
parameters are almost identical, and the differences in bond lengths are insignificant.
The charge distribution on the main functional groups involved in specific
interactions with the protein substrate has also not undergone significant changes.
This suggests that the main role in increasing the biological activity of the molecule
is played by the very presence of a volumetric substituent, iodine, which

significantly increases the hydrophobic effect. Thus, according to literature data, the



introduction of iodine leads to an increase in the aG hydrophobic effect for iodine-
benzene in comparison with benzene by 3.7 kJ/mol [2]. Theoretically, this leads to
an increase in the strength constant of the complex with protein molecules by 4.2
times at a temperature of 310 K.

To experimentally confirm the results of quantum chemical calculations, we
synthesized a furosemide derivative, iodine-furosemide. In the resulting compound,
in the second position of the furan cycle of furosemide, the hydrogen atom was
replaced by an iodine atom. Since the iodine atom has a much larger radius than
hydrogen, and moreover it is nonpolar, the resulting compound should have had a
significantly larger hydrophobic segment than the original furosemide. An
experimental study has shown that the introduction of an iodine atom into the
furosemide molecule in order to increase the area of the hydrophobic segment of the
furan cycle of the furosemide molecule increases the diuretic and saluretic activity
of the drug. The theoretical study showed that the main characteristics of the
electronic structure of furosemide and iodine-furosemide do not have significant
differences, which also suggests that the modified compound has similar
pharmacodynamic characteristics to furosemide, but with significantly greater
activity. It should be noted that the iodine atom is not capable of forming hydrogen
bonds, its role is only to increase the energy of the hydrophobic effect.

The results obtained indicate a significant role of the hydrophobic segment in
the realization of the diuretic effect of furosemide. The increase in the diuretic
activity of the drug is directly proportional to the increase in the area of the
hydrophobic segment of its structure. Ove- The reduction of the area of the
hydrophobic segment of furosemide due to the introduction of an iodine atom does
not have any significant effect on the electronic structure of the diuretic. This fact
suggests the presence of a mechanism of diuretic activity identical to furosemide in
the newly obtained compound. The study showed the potential for the creation of
new diuretics with higher activity. This will significantly reduce their therapeutic

dose, which will lead to a dramatic decrease in the severity of the numerous side
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effects of this group of drugs. In the case of furosemide, the main side effect is severe

hypokalemia, especially with the course use of the drug.
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