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Introduction. Immunomodulator Galavit® is a promising domestic drug for the prevention and treatment of various 
infectious diseases. Earlier, the authors have developed and investigated in vitro its new dosage form – transder-
mal therapeutic system (TTS). Positive results from experiments made it possible to proceed to the study of the 
pharmacokinetic parameters of Galavit® TTS in animals. Objective: to compare the pharmacokinetic parameters 
of intramuscular and transdermal administration of immunomodulator Galavit® in animal experiments. Materials 
and methods. Sodium aminodihydrophthalazinedione was used as a substance in the form of a powder to prepare 
a solution for intramuscular administration of 100 mg (trade name Galavit®, manufacturer SELVIM LLC). The 
pharmacokinetics of transdermal and intramuscular injections were studied in male Chinchilla rabbits weighing 
4.5–5.0 kg. Serum sodium aminodihydrophthalazinedione concentrations in animals were determined by high-
performance liquid chromatography using a specially developed technique. Results. In contrast to the injection 
method, a prolonged and uniform inflow of the drug substance (MP) into the body is observed for percutaneous 
administration of sodium aminodihydrophthalazinedione. The maximum serum Galavit® concentration for a 
40 mg dose (0.172 ± 0.054 μg/mL) and for a 80 mg dose (1.16 ± 0.22 μg/mL) remained at a constant level for 
9 and 8 hours, respectively. The relative bioavailability of the Galavit® transdermal therapeutic system was 0.65 
and 1.06 for the same doses. Conclusion. Application of Galavit® 80 mg transdermal therapeutic system provides 
bioavailability that is similar to the intramuscular administration of this drug at the same dose. At the same time, 
its maximum serum concentration significantly decreases and the retention time of Galavit® in the body increases 
by more than 10 times, which can contribute to prolongation of the drug effect. Due to the current growing interest 
in the use of immunomodulator Galavit® for coronavirus infection COVID-19, the development and study of a 
new dosage form is a promising task.
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inTrOducTiOn
Over the past decades, scientific research in the de-

velopment and implementation of highly active and 
competitive dosage forms in medical practice has been 
intensifying. More attention is being directed towards 
new systems and means for delivering medicinal subs-
tances with improved biopharmaceutical characteristics 
that increase therapeutic efficacy, tolerability and safety 
of drug therapy [1, 2]. One of these areas is the creation 
of transdermal therapeutic systems (TTS) – controlled-
release dosage forms designed to continuously deliver 
the drugs they contain through intact skin into systemic 
circulation for a long (limited only by medical indica-
tions) time at a predetermined rate. The use of TTS in-
creases the bioavailability of drugs, and also excludes 
the shortcomings of other methods by which it can be 
administered [3, 4].

Currently, the legitimacy and effectiveness of the use 
of immunotropic drugs that activate innate and adaptive 
immune systems for preventing and treating infectious 
diseases and a number of other diseases is widely dis-
cussed in the medical scientific literature [5].

A representative of this group of drugs is Russian 
synthetic drug Galavit® (aminodihydrophthalazinedione 
sodium is the active ingredient), which has immunomo-
dulatory and pronounced anti-inflammatory properties.

Numerous studies have confirmed the efficacy of this 
drug in the complex immunocorrective therapy of pati-
ents with viral and bacterial pyoinflammatory diseases 
[6, 7]. For example, sodium aminodihydrophthalazine-
dione has been shown to reduce the severity of catarrhal 
and intoxication syndromes and significantly reduce du-
ration in influenza diseases [8]. According to another 
study, this drug reduces the frequency and duration of 
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infection, it reduces the need for antibiotic therapy and 
normalizes the immune status in children with frequent 
acute respiratory viral infection [9].

The authors have previously developed and inves-
tigated in vitro a transdermal therapeutic system [10, 
11] containing sodium aminodihydrophthalazinedione. 
The results of the experiments showed the fundamental 
possibility of transdermal drug transfer, which made 
it possible to proceed to the study of TTS Galavit® in 
animals in vivo.

Creation of dosage forms includes a number of man-
datory steps, one of which is the study of pharmacokine-
tics. An experimental study of the pharmacokinetic pa-
rameters of a drug allows one to predict the plasma drug 
concentration, choose an approximate dosing regimen, 
which is then adjusted during clinical trials [12]. Various 
methods can be used to determine the plasma drug con-
centration, which reliably monitor the concentration of 
a pharmacological agent under the selected conditions 
of a pharmacokinetic experiment and meet the general 
requirements of selectivity, accuracy, and reproducibility. 
The most commonly used method is high-performance 
liquid chromatography (HPLC) [13–15].

The objective of this work is to compare the phar-
macokinetic parameters of intramuscular and transder-
mal administration of the immunomodulator Galavit® in 
animal experiments.

maTerialS and meThOdS
materials

The substance was sodium aminodihydrophthalazi-
nedione in the form of a powder for preparing a solution 
for intramuscular administration of 100 mg (trade name 
Galavit®, manufacturer SELVIM LLC). Its molecular 
weight is 206 Da.

In the manufacture of laboratory samples of Galavit®, 
auxiliary substances and materials approved for medical 
use, and which meets the requirements of the current 
regulatory documentation were used.

The microemulsion composition with Galavit® 
included the following components: purified wa-
ter (FS.2.2.0019.18), 0.9% sodium chloride solution 
(ESCOM, Russia), sodium dodecyl sulfate (AppliChem 
Panreac, Spain), apricot kernel oil (Desert Whale Jojoba 
Company Ltd., USA), α-tocopherol acetate (BASF SE, 
Germany), docusate sodium (Sigma, USA), Decaglyn 
PR-20 emulsifier (Nikko Chemicals Co., Ltd, Japan).

To create TTS Galavit®, the following components 
were selected: elastic microspongy material Foam tape 
9773 (3M, USA), sorbent base PALV-01 (Palma Group 
of Companies, Russia), and Skotchpak 9730 film (3M, 
USA).

The following reagents were also used: sodium citrate 
(NPO RENAM, Russia), potassium phosphate 2-subs-
tituted, 3-water (Panreac, Spain), potassium phosphate 

1-substituted (PCGroup, Russia), potassium hydroxide 
(Panreac, Spain), acetonitrile for chromatography (Pan-
reac, Spain), trifluoroacetic acid (Merck, Germany), sy-
ringe filters (celluloseacetate, 0.45 µm, 25 mm, Agilent 
Technologies, Germany).

equipment
Equipment used: disperser Heidolph DIAX 900 (Ger-

many), ultrasonic homogenizer HeilscherUIS250V, ana-
lytical balance (GH-200 AND, Japan), centrifuge Hettich 
Rotina 38R (Germany), liquid chromatograph Agilent 
1200 (Agilent Technologies, USA), equipped with UV 
detector, autosampler, degasser and column oven.

methodology for pharmacokinetic study 
of Galavit® with intramuscular administration 
and with the use of transdermal therapeutic 
system

The study of the pharmacokinetics of sodium amino-
dihydrophthalazinedione with transdermal and intramu-
scular administration was performed on male Chinchilla 
rabbits weighing 4.5–5.0 kg.

The rabbits were obtained from the laboratory ani-
mal nursery belonging to Krolinfo Ltd. The producer 
provided a veterinary certificate for the latest animal 
health control. All experimental animals were bred on 
purpose and had not previously participated in a study. 
Quarantine period was 14 days. All manipulations with 
the animals were carried out in accordance with the rules 
adopted by the European Convention for the Protection 
of Vertebrate Animals Used for Experimental and other 
Scientific Purposes (ETS 123) Strasbourg, 1986).

The plasma concentration of sodium aminodihy-
drophthalazindione in rabbits during transdermal and 
intramuscular injections was studied according to the 
developed design. The animals were divided into four 
groups of 3 animals each. The first and second groups 
were injected once intramuscularly in doses of 40 and 
80 mg; in the third and fourth groups, percutaneous ad-
ministration of Galavit® in the same doses was studied.

TTS was applied to a pre-shaved area of the back skin 
at the base of the neck. The drug was glued to healthy 
skin no earlier than a day after the hair removal proce-
dure.

Blood sampling of animals was performed before the 
drug was administered, as well as at discrete time inter-
vals from the marginal ear vein into test tubes with 3.8% 
sodium citrate solution. Blood sampling times for TTS 
were 1, 2, 4, 6, 12, 15, 18, 20 and 24 hours of application. 
For the injectable form of the immunomodulator – 3, 
6, 10, 20, 30, 40, 50 minutes, 1, 2, 3, 4, 5, 6, 7 hours 
after drug administration. Test tubes were centrifuged 
for 5 minutes at 1500 rpm, then plasma was carefully 
collected. The plasma levels of sodium aminodihydro-
phthalazinedione in the rabbits was measured by high-
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performance liquid chromatography using a specially 
developed technique.

hPlc technique for quantifying 
plasma concentration of sodium 
aminodihydrophthalazinedione 
in the experimental animals
Sample preparation

Blood plasma was transferred into a 2.0 mL micro-
centrifuge tube and 200 µl of a 50% solution (by volu-
me) of trifluoroacetic acid was added. The mixture was 
stirred on a vortex shaker for 2 minutes and centrifuged 
at 6000 rpm for 10 minutes. 500 μl of supernatant was 
transferred into a 1.5 mL HPLC microvial, 55 μL of 
a 50% potassium hydroxide solution (by weight) was 
added, and the mixture was stirred.

Chromatographic analysis
Chromatographic determination was performed on an 

Agilent 1200 liquid chromatograph under the following 
conditions:

Chromatographic column: Mediterranea Sea 18 25 × 
0.46 cm, 5 μm (Teknokroma Analitica SA, Spain) with 
an 8 × 4 mm guard column filled with the same sorbent.

Mobile phase: acetonitrile: 0.015% solution (by vo-
lume) of trifluoroacetic acid, pH = 2.5 (15:85). The mo-
bile phase was pre-filtered and degassed on a vacuum 
filtration device.
Mobile phase flow rate: 0.8 mL/min.
Elution mode: isocratic.
Column oven temperature: 25 °C.
Injected sample volume: 10 μL.
Detection: 221 nm.
Chromatography time: 16 min
Retention time: about 11.7 minutes.
Chromatograms were registered and processed using 

the ChemStation software (Agilent, USA). Results were 
statistically processed using Microsoft Office Excel 2003 
software.

Lower limit of Galavit® quantification: 50.0 ng/mL.
Linearity range of the method: 50.0–2000 ng/mL.

calculation of pharmacokinetic parameters
The pharmacokinetic method of study allows one to 

give a number of quantitative characteristics to absorp-
tion, metabolism (biotransformation), distribution and 
excretion of drugs from the body. For this, the following 
parameters were calculated:
– Cmax – maximum plasma drug concentration (μg/mL).
– Tmax – time to reach maximum drug concentration (h).
– AUC – total area under the plasma drug concentra-

tion-time curve from the moment it enters the body 
until complete elimination from the body (h∙μg/mL).

– AUMC – total area under the curve of the product of 
time and plasma drug concentration from the moment 
it enters the body until its complete removal from the 
body (h2∙μg/mL).

– T1/2 – drug elimination half-life – a period characte-
rizing the rate of drug concentration decrease in the 
body fluids and tissues (h).

– MRT – mean residence time of drug in the body (h).
– β – elimination rate constant (h–1).
– F – bioavailability. The relative bioavailability was 

determined by comparison with the bioavailability 
after intramuscular administration and was calculated 
using the formula:

,

where AUC is the area under the kinetic curve, D is 
the drug dose.
Pharmacokinetic parameters were estimated by a 

model-independent approach.

Statistical processing of results
Results were processed statistically in accordance 

with OFS.1.1.0013.15 “Statistical processing of che-
mical experiment results” using Microsoft Office Excel 
2010 software. In addition, a two-sided Student’s t-test 
was used [16]. Differences were considered statistically 
significant at p < 0.05.

reSulTS and diScuSSiOn
A comparative analysis of pharmacokinetic parame-

ters in transdermal and intramuscular injections of im-
munomodulator Galavit® in vivo was carried out.

The averaged pharmacokinetic curves of sodium ami-
nodihydrophthalazinedione with TTC application and 
intramuscular injection at 40 mg and 80 mg dose are 
shown in Figs. 1 and 2, respectively.

As seen in Fig. 1, with intramuscular injection of 
40 mg of sodium aminodihydrophthalazinedione, the 
maximum plasma concentration was reached after 10 mi-
nutes and was about 11.6 ± 0.9 μg/mL. At 30 minutes, 
there was a sharp 2-fold decrease in the plasma drug 
concentration. After 2 hours, it decreased to 0.324 ± 
0.050 μg/mL, and after 4 hours it was below the quan-
tification limit. With transdermal administration of the 
same dose of the drug, the plasma concentration of the 
immunomodulator increased slowly. By the fourth hour, 
the drug content in the blood was 0.123 ± 0.037 μg/mL. 
After 6 hours, it reached a maximum level of 0.172 ± 
0.054 μg/mL and remained constant within the statis-
tical error for the next 9 hours (p > 0.05). Further, we 
noted a gradual decrease in the plasma drug levels. By 
24 hours of application, plasma concentration of sodi-
um aminodihydrophthalazinedione in the animals was 
0.099 ± 0.034 μg/mL.
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Fig. 1. Averaged dynamics of the concentration (±σ) of sodium aminodihydrophthalazinedione in the blood plasma of ex-
perimental animals with intramuscular and transdermal administration of a 40 mg dose. Differences in point values (□) are 
statistically insignificant (p > 0.05)

Fig. 2. Averaged dynamics of the concentration (±σ) of sodium aminodihydrophthalazinedione in the blood plasma of ex-
perimental animals with intramuscular and transdermal administration of a 80 mg dose. Differences in point values (∆) are 
statistically insignificant (p > 0.05)

When the dose of sodium aminodihydrophthalazindi-
one was increased to 80 mg, the maximum plasma drug 
level after intramuscular injection increased 2-fold and 
was 23.2 ± 1.0 μg/mL by 10 minutes (Fig. 2). One hour 
after injection, there was a sharp drop to 3.82 ± 0.42 μg/
mL. After 7 hours, concentration of the immunomodula-
tor was below the quantification level. With percutaneous 
administration of Galavit®, the maximum concentration 
was 1.16 ± 0.22 μg/mL 6 hours after the start of appli-
cation of the transdermal system. Note that from 4 to 
12 hours of the study, the plasma drug concentration in 
the animals was almost constant (p > 0.05).

Thus, with percutaneous administration of sodium 
aminodihydrophthalazinedione, we observed prolonged 
and uniform flow of the drug substance into the blood, 
while maintaining its concentration in the blood at a 
constant level for 8–9 hours.

Note that with intramuscular administration of im-
munomodulator Galavit®, a 2-fold increase in the dose 
resulted in a 2-fold increase in the maximum plasma drug 
concentration. In the case of percutaneous administra-
tion, the same two-fold dose change caused a 6.7-fold 
increase in the maximum plasma drug level. Such an 
increase in the diffusion flux of the drug through the skin, 
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disproportionate to the increase in the drug content in 
TTS Galavit®, should be taken into account when selec-
ting a therapeutic dose in a transdermal form.

The calculated pharmacokinetic parameters of sodi-
um aminodihydrophthalazinedione at a single transder-
mal and intramuscular administration of two different 
doses to experimental animals are presented in Table.

Table
Pharmacokinetic parameters of sodium 

aminodihydrophthalazinedione in rabbits with 
transdermal and intramuscular administration

Parameters Administration route, dose
Transdermal Intramuscular

40 mg 
(n = 3)

80 mg 
(n = 3)

40 mg 
(n = 3)

80 mg 
(n = 3)

Cmax, μg/mL 0.172 1.155 11.6 23.2
Tmax, h 6 6 0.17 0.17
β, 1/h 0.0702 0.1686 2.74 1.81
T1/2, h 9.8 4.6 0.25 0.38
AUC, h∙μg/mL 4.7 18.6 7.21 17.54
AUMC, h2∙μg/mL 39.4 187.7 3.98 14.71
MRT, h 8.4 10.1 0.55 0.84

The decrease in sodium aminodihydrophthalazindio-
ne concentration in the blood after the steady-state period 
with TTC application was characterized by T1/2 half-life, 
which was approximately 9.8 hours for a 40 mg dose and 
4.6 hours for a 80 mg dose. The mean residence time of 
drug in the body (MRT) was approximately 8.4 hours 
and 10.1 hours for the lower and higher drug content in 
the TTS, respectively.

With intramuscular administration of the immunomo-
dulator, the T1/2 half-life was 0.25 hours and 0.38 hours, 
and the MRT was 0.55 hours and 0.84 hours for 40 mg 
and 80 mg doses.

Analyzing the results obtained, we can conclude that 
the use of a transdermal therapeutic system compared 
to intramuscular injection increases the mean residence 
time of drug in the body by more than 12–15 times. The 
half-life also increases by more than 10 times.

The calculated relative bioavailability of Galavit® 
transdermal therapeutic system was 0.65 for 40 mg and 
1.06 for 80 mg. These results indicate that with an increa-
se in the drug dose, the bioavailability of the transdermal 
therapeutic system becomes equal to the bioavailability 
of the immunomodulator when administered intramu-
scularly.

cOncluSiOn
In the course of this work, the pharmacokinetics of 

intramuscular and transdermal administration of sodium 
aminodihydrophthalazinedione at 40 mg and 80 mg do-
ses were studied in animals in vivo.

It was shown that application of Galavit® 80 mg trans-
dermal therapeutic system provides a bioavailability that 

is equal to the bioavailability obtainable when this drug 
is administered intramuscularly at the same dose. Mean-
while, maximum plasma drug concentration decreases 
significantly and its residence time in the body increases 
by more than 10 times. This can help in prolonging the 
drug effect. Changes in drug concentration in the blood 
during application of TTS occurs gradually over several 
hours, in contrast to a sharp jump during intramuscular 
administration. This is an undisputed advantage of the 
Galavit® transdermal system in the case of long-term use 
for prophylaxis and supportive therapy.

It should be noted that at present, there is increased 
interest in the use of Galavit® in COVID-19 infection. 
Specifically, there was a recent report on the effectiven-
ess of the drug in preventing moderate and severe forms 
of COVID-19 among medical workers under high risk of 
contracting SARS-COV-2 infection [17]. In this regard, 
the authors consider it promising to develop and study 
the domestic transdermal dosage form of immunomo-
dulator Galavit®.

The authors declare no conflict of interest.
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