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Methods of quantitative determination of ribavirin were
developed using capillary electrophoresis and UV
spectroscopy. It is shown that aqueous solutions of
ribavirin exhibit not only antiviral, but also antibacterial

activity against Pseudomonas aeruginosa,

Staphylococcus aureus, Carynebacteria stationis and
Bacillus subtilis and antimykotic activity against Candida

albicans.

INTRODUCTION

The habituation and resistance of microorganisms to
known antimicrobial drugs, in particular to antibiotics, is
a major problem today. The synthesis of new biologically
active compounds and the development of modern drugs
based on them is an urgent task. However, it is necessary
to pay attention to the fact that the properties of some
substances already known are not sufficiently studied.
From this point of view, an attractive object of research is
ribavirin, a widely used antiviral drug as part of a number
of complex therapies, in particular, against hepatitis C
viruses and certain strains of influenza virus. Despite the
fact that the antiviral properties of ribavirin have been
known for a long time, the mechanism of its action has
not been clearly studied [1-3], moreover, few studies
indicate that in addition to antiviral properties, ribavirin
also exhibits antibacterial properties [4].

The purpose of this study was to identify the
antimicrobial activity of ribavirin in relation to a number
of microorganisms, as well as to develop methods for its
quantitative determination by modern methods of
physical and chemical analysis.

EXPERIMENTAL

Ribavirin  (1-B-D-ribofuranosyl-1H-1,2,4-triazole-  3-
carboxamide or 1 - [(2R,3R,4S,5R) - 3, 4 - dihydroxy - 5-
(hydroxymethyl) oxolan-2-yl] - 1H - 1, 2, 4 - triazole - 3 -
carboxamide; Fluka, USA; analytically pure, >98%; CAS
36791-04-5) and Ribavirin Canon tablets and capsules
(200 mg, Canonpharma Production, batch 030817; Russia)
were used in the work.

Measurements were made on a Shimadzu UV-2600
spectrophotometer (Japan). Capillary electrophoresis was
performed using the "Kapel-103RT" device manufactured
by Lumex (Russia). Evaluation of antibacterial and
antimycotisch activity was carried out by the disco-
diffusion method and the method of serial dilutions.
Staphylococcus aureus FDA 209P, Carynebacteria stationis
VKPM-B-10645, Bacillus  subtilis  VKPM-B-13183,
Essherichia coli ATCC 25922, Pseudomonas aeruginosa
VKPM-B-8243, Candida albicans VKPM-Y-3108 and
Aspergillus niger VKPM-F-428 was used as test-organisms.
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RESULTS AND DISCUSSION
Fig. 1 shows the structural formula of ribavirin:
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Figure 1. Structural formula of ribavirin.

There are a lot of methods for the quantitative
determination of ribavirin in the literature [5-7], however,
all of them are quite time-consuming and require specific
equipment and reagents. The presence of a triazole ring
in the ribavirin molecule suggests that its solutions can be
analyzed by UV spectroscopy. Moreover, the development
of this analysis method will make possible in the future to
use other modern analytical equipment with UV detection.
Fig. 2 shows the aqueous ribavirin solution UV spectrum.
As you can see, the maximum absorption corresponds to
a wavelength of 206 nm. Fig. 3 shows the calibration
dependence of the optical density on the ribavirin
concentration.
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Figure 3. Ribavirin solution concentration dependence of
1,24 its optical density
1ol 206
Y It should be noted that the position of the maximum
2 08| absorption of ribavirin aqueous solutions does not
% 06 ] depend on the solution pH, which allows to determine the
< content of ribavirin in both acidic and alkaline
Tg 041 environments.
= Table I presents results from obtained data statistical
O 024 processing using a least-squares method.
Ribavirin tablets and capsules containing 200 mg of the
084 main substance were analyzed according to the

180 200 220 240 260 280 300 320 established method. For this purpose, a tablet was placed
into a 100-mL volumetric flask, treated with distilled H20
(70 mL), and shaken to disperse it completely. The
volume of the resulting suspension was adjusted to the
Figure 2. UV absorption spectrum of an aqueous solution mark with doubly distilled H,0 and stirred. The
of ribavirin (0.002%) in a 1-cm cuvette suspension was filtered through No. 4 filter paper. The
first portion of the filtrate (10 mL) was discarded. Next,
y = 477,92x - 0,002 filtrate (2 mL) was transferred into a 100-mL volumetric
R2 = 0,9994 flask. The solution volume was adjusted to the mark using
doubly distilled H,0 and stirred.
The optical density of the resulting solution was
measured relative to doubly distilled H,0 in a 10-mm
cuvette at 206 nm. Table II presents the obtained results.
Similar results were obtained for capsule, too. For doing
this, the contents of the capsule were also placed in a
100-mL volumetric flask and subjected to the same
procedures as in the case of tablets.
Thus, a quantitative method for determining ribavirin by
Concentration,% UV spectroscopy was developed. The second method was
capillary electrophoresis with UV detection.

Wavelength, nm

2

1.8 1

Optical density

S
S

o
8

o
°Q

0.001 0.002 0.003 0,004 0,005

Table I. Aggregation dependence of optical density of solutions of ribavirin on it concentration

f -X -y b a t(P;f)ifP=95%
4 2,304-1073 1,0991 477,92 -2:10°3 2,78
. — AX-100
N r seifnj=1 yi =Y AX - . %
3,7:10* 0,9997 3,13:10° 8,7-10° 3,78

Table II. Statistical characteristics of the results of the method for determining the content of ribavirin in tablets Ribavirin
Canon 200 mg (ser.030817)

Dosage of ribavirin tablets was 200 mg

Ne tablets Ribavirin found, mg
1 195,2
2 202,2
3 207,0
4 195,6
5 200,4
Statistical characteristic Value
Arithmetic mean, C 200,08
Dispersion, D 24,09
Standard (mean-square) deviation, S 4,91
Confidence interval of the average value 4,30
Conducting the experiment in the mode of zone Fig. 4 and 5 show a typical electrophoregram and
electrophoresis, when the method is based on differences calibration dependence.

in the electrophoretic mobility of charged particles, the
release time of ribavirin was very long due to the
neutrality of its molecule. To solve this problem,
conditions for micellar electrophoresis were selected,
since in this case it is possible to determine neutral
molecules due to the introduction of a surfactant into the
buffer and the formation of a pseudo-stationary micellar
phase. The optimal buffer solution was 20 mmol of
tetraborate and 40 mmol of SPS.
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Minutes
Figure 4. Electrophoregram obtained by micellar
electrophoresis, ribavirin concentration 0.968 mg/mL

Area

Figure 5. Calibration dependence for micellar
electrophoresis

It should be noted that the proven methods of UV
spectroscopy and capillary electrophoresis are in a good
agreement with each other. The obtained results were
used later in the study of the ribavirin aqueous solutions
biological activity.

At the first stage of these studies, it was found that in
aqueous solutions ribavirin shows a noticeable surface
activity at various interfaces (Fig. 6 and 7), probably due
to the presence of both hydrophilic and hydrophobic
parts in the molecule (Fig. 1).
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Figure 6. Surface tension o isotherm of ribavirin aqueous
solution
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Figure 7. Ribavirin interfacial tension o isotherm at the
water-decane interface

Based on the results presented in Fig. 6 and 7, the
parameters of ribavirin adsorption layers were calculated
(IIT), which can be useful in clarifying the mechanism of
ribavirin action as an antiviral agent.

The obtained data may also be of interest for identifying
the antibacterial mechanism of ribavirin action. The term
"non-antibiotics" found in the literature can also be
attributed to this compound. In particular, the author of
the publication [8] observed the inhibition of Salmonella
typhi in mice and found that ribavirin inhibits the
virulence of Salmonella typhi in vivo, as well as in vitro.
The authors of this paper initially detected the
antimicrobial activity of ribavirin against 2 test
microorganisms - Pseudomonas aeruginosa and Candida
albicans (Fig. 8).

Table III. Parameters of ribavirin adsorption layers at different phase interfaces

Surface activity g, Maximum adsorption I'nax,

m]J-m/mol pmol/m?

Landing area Sy, Thickness of the adsorption layer
nm? 8§, nm

At the interface between water solution and air

2,25 | 1,38

| 1,20 | 0,16

At the interface between the water and decan phases

2,50 | 1,52

| 1,15 | 0,15
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Figure 8. Inhibition zones at ribavirin concentrations: 6, 8, 9 mg/mL (a) of Candida albicans, (b) of Pseudomonas aeruginosa.
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It has been shown that increasing the ribavirin
concentration above 9 mg/mL to prevent the growth of
Pseudomonas aeruginosa and Candida albicans is
impractical. It should be noted that this concentration is
not at all high and much less than the recommended
therapeutic doses used, for example, in the composition
of the Devirs cream based on ribavirin, in which the
concentration of the active substance is 75 mg/mL.

Later, it was found that ribavirin also shows antibacterial
activity against some other microorganisms (IV). The
"plus” sign indicates the presence of microbial growth,
the "minus” sign indicates the absence of growth.

Table IV. Antibacterial activity of ribavirin at different
concentrations of the aqueous solution

Test-organisms Ribavirin concentration, mg/mL
10 5 2,5
St. aureus — — +
C. stationis - + +
E. coli + + +
B. subtilis — + +
As. niger + + +

As can be seen from the table, at comparable
concentrations of the previous experiment (no higher
than 10 mg/ml), ribavirin is active against Staphylococcus
aureus, Carynebacteria stationis and Bacillus subtilis and
does not show activity against E. coli and Aspergillus niger.

CONCLUSION

1. The possibility of quantitative determination of
ribavirin in aqueous solutions by UV spectroscopy and
capillary electrophoresis was shown.

2. It was found that aqueous solutions of ribavirin have
surface-active properties.

3. Ribavirin antimicrobial activity was detected against
gram-positive (Staphylococcus aureus, Carynebacteria
stationis and spore-forming Bacillus subtilis), gram-
negative (Pseudomonas aeruginosa) bacteria, and fungi
(Candida albicans).
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