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a b s t r a c t

Under pandemic-caused emergency, evaluation of the potential of existing antiviral drugs for the
treatment of COVID-19 is relevant. Triazavirin, an antiviral drug developed in Russia for per-oral
administration, is involved in clinical trials against SARS-CoV-2 coronavirus. This virus has affinity to
epithelial cells in respiratory tract, so drug delivery directly in lungs may enhance therapeutic effect and
reduce side effects for stomach, liver, kidneys. We elaborated ultrasonic method of triazavirin aerosol
generation and investigated the inhalation delivery of this drug in mice. Mean particle size and number
concentration of aerosol used in inhalation experiments are 560 nm and 4 � 105 cm�3, respectively.
Aerosol mass concentration is 1.6 � 10�4 mg/cm3. Inhalation for 20 min in a nose-only chamber resulted
in 2 mg/kg body delivered dose and 2.6 mg/mL triazavirin concentration in blood plasma. Elimination rate
constant determined in aerosol administration experiments was ke ¼ 0.077 min�1, which agrees with the
value measured after intravenous delivery, but per-oral administration resulted in considerably lower
apparent elimination rate constant of pseudo-first order, probably due to non-linear dependence of
absorption rate on triazavirin concentration in gastrointestinal tract. The bioavailability of triazavirin
aerosol is found to be 85%, which is about four times higher than for per-oral administration.

© 2020 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
Introduction

The SARS-CoV-2 coronavirus causes severe and even fatal
symptoms, such as acute respiratory distress syndrome, requiring
special treatment and more likely affecting elderly persons with
comorbidities. The new pathogen is b-coronavirus, a large, envel-
oped, positive-stranded RNA virus. It is the seventh coronavirus
known to infect humans and the third of highly pathogenic human
coronaviruses, identified after the Middle East respiratory syn-
drome coronavirus (MERS-CoV) and severe acute respiratory syn-
drome coronavirus (SARS-CoV).

Many research groups are working now on different therapies
for treatment or prevention of COVID-19. The time required to
develop a new drug is too long, which is unacceptable in the
context of current emergency case. Therefore, a great interest is
tseva).
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now focused on investigation of existing antiviral drugs to redirect
them for treatment of this disease. Several antiviral drugs are now
under investigation, predominately those which are active against
various influenza sub-types and other RNA viruses. The list of these
drugs includes favipiravir, umifenovir, triazavirin, baloxavir mar-
boxil and others.1,2

Triazavirin is an original antiviral drug developed in Russia. This
substance is effective against a wide range of influenza viruses,
including H5N1 strain.3-8 Due to similarity between H5N1 and
SARS-CoV-2, triazavirin is considered as an option to combat SARS-
CoV-2.1,9 Triazavirin C5H4N6O3S (7-methylthio-3-nitro-6H-[1,2,4]
triazolo[5,1-c][1,2,4]triazin-4-one) is an antiviral preparation of
azoloazine family. This is a drug with rather low toxicity:
LD50 ¼ 9.5 g/kg for intragastric introduction in mice, while the oral
introduction of triazavirin in dogs in the dose of 400 mg/kg (which
is 20 times higher than the recommended daily dose for humans)
was determined to cause no structural, physiological or behavioral
changes.5 According to the results of acute toxicity tests, triazavirin
is classified as practically non-toxic drug, and it does not exhibit
ghts reserved.
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cumulative toxicity. Trial with healthy volunteers revealed no
substantial side effects. Side effects classified as very rare ones
include dyspepsic disorders (meteorism, diarrhea), and contra-
indications are limited to renal and hepatic impairment.5 The
maximal concentration of triazavirin in blood after the intake of
250 mg three times a day was 4.8 mg/mL. These data demonstrate
that the therapeutic window of triazavirin is broad. This molecule
has a core structurally close to guanine, one of the “letters”
comprising DNA and RNA, which underlies the ability of triazavirin
to interfere with the regulation of biosynthesis of purine nucleo-
tides. Experimental observations suggest that triazavirin inhibits
some enzymes involved in the vital cycle of viral proteins. Tri-
azavirin was shown to demonstrate affinity to viral spike glyco-
proteins, thus inhibiting their tendency to bind the angiotensin-
protecting enzyme 2 (ACE 2) and thus preventing fusion with
host cells. Since the novel virus exhibits 10 times stronger binding
with ACE 2 than, for example, SARS-CoV, drug action at this stage
may be crucial for the successful therapy of COVID-19. It was
demonstrated with the model of lethal influenza infection in mice
that a substantial advantage of triazavirin with respect to other
antiviral agents is its ability to protect animals from hemorrhagic
pneumonia.5 These data, along with the results of clinical trial of
triazavirin against influenza virus,5 paved the way to the clinical
trial against SARS-CoV-2, which is carried out in Russia, to be
completed in November 2020. Preliminary positive effect of tri-
azavirin in the treatment of COVID-19 was obtained in the multi-
center and blind randomized controlled clinical trial ongoing in
China. This trial has already provided some evidence that tri-
azavirin is efficient as a drug to treat COVID-19.10

Triazavirin is available as a drug for peroral administration in
capsules. However, the oral bioavailability of triazavirin is only 20%,
and absorption time is about 2 h. Therefore, other routes of
administration with higher bioavailability and shorter absorption
time are needed to decrease the cost of therapy and to enhance its
efficiency.

The entry for SARS-CoV-2 virus is mouth or nose. Then it enters
the alveolar region of lungs and binds with ACE2. As the novel virus
has affinity to the epithelial cells of respiratory tract, drug delivery
directly into lungs as the target organ may enhance the therapeutic
effect, accompanied by a decrease in side effects for stomach, liver,
kidneys etc. Therefore, the pulmonary administration of antiviral
drugs may provide advantages with respect to the traditional oral
dosage forms.

The pulmonary aerosol delivery is extensively used today to
treat respiratory diseases such as asthma, emphysema, chronic
obstructive pulmonary disease, cystic fibrosis, primary pulmonary
hypertension, and cancer.11-13 In recent decades the lung alveolar
part is increasingly considered as a portal for the delivery of sys-
temic aerosolized drugs because of large surface area, good
vascularization and direct connection between pulmonary and
systemic circulations.14-17 Lungs are very permeable for drugs
because of ultra-thinness of alveolar epithelium and, therefore, this
way of administration is comparable to intravenous injections.
However, in contrast to injections, inhalation is non-invasive and
therefore painless, and can be used by patients at homewithout the
health-care staff.

The modern inhalers that are available on the market include
three main groups: dose-metering systems, dry powder inhalers,
and nebulizers.18 In our studies, we chose to use nebulizers to
deliver the aerosol to laboratory animals because the former two
kinds of inhalers have some specific features bringing some com-
plications into their application for this purpose. In particular,
pressurized dose-metering inhalers provide rather high aerosol
velocity, which may result in an excessive oropharyngeal deposi-
tion. As far as dry powder inhalers are concerned, their application
in inhalation experiments may involve difficulties with reproduc-
ibility, because the dry powder formulation appears to be shelf life
dependent, so aerosol properties become the functions of powder
storage time. For these reasons, we chose nebulizers. Inhalation of
drug solutions in a nebulizer combined with an inhalation device is
an especially effective treatment. When using nebulizers people do
not need to be able to breathe in forcefully, nor do they need any
particular skill. This way of inhalation results in less of the medi-
cation deposited in the throat, and larger part reaches the lungs
with respect to dose-metering and dry powder inhalers.

In our previous works we have studied the pulmonary delivery
of aerosolized non-steroid anti-inflammatory,19-21 hypotensive,22

anti-tuberculous drugs.23 The dependence of lung deposition effi-
ciency and delivered dose on particle size was investigated. The
deposition of drug nanoparticles in the respiratory tract was
studied both experimentally (in mice) and theoretically through
the simulation of aerosol flow aerodynamics in human respiratory
tract. It was demonstrated in those works that the respiratory de-
livery is much more efficient than peroral administration of the
studied drugs. For instance, indomethacin delivery in the form of
aerosol (nanometer-sized particles) in mice required a therapeutic
dose six orders of magnitude less than that for peroral adminis-
tration, to achieve the same effect, which was assessed as analgesic
action (measured with the help of the hot-plate test) and anti-
inflammatory effect, quantified as a decrease in histamine-caused
edema. The bioavailability of drugs was shown to be substantially
higher in the case of respiratory delivery in comparison with
peroral administration.19 The objective of this study was to inves-
tigate the aerosol delivery of triazavirin, which is expected to be an
effective drug against SARS-CoV-2, using an ultrasonic nebulizing
system.

Materials and Methods

Aerosol Generation and Inhalation Equipment

We used an ultrasonic nebulizer to generate the aerosol of tri-
azavirin in a set-up shown in Fig. 1. The aerosol is generated by
applying an alternating electric field to a piezoelectric transducer
placed in contact with the aqueous solution of triazavirin to be
nebulized. The transducer converts the electrical signal into peri-
odic mechanical vibrations to create oscillatory pressure distur-
bances in the liquid with the frequency of 1.7 MHz and input power
30 W. These ultrasonic vibrations give rise to interfacial destabili-
zation, which results in the formation of small droplets above the
surface of the liquid. Air purified by passing through a filter is let
into the vessel with the liquid, and aerosol consisting of the drop-
lets of triazavirin aqueous solution comes out of the nebulizer.

The size of aerosol particles is an important parameter which
determines the region of the pulmonary systemwhere the particles
are predominantly deposited. However, the use of liquid droplets for
inhalation creates someproblems as the size of nebulized droplets is
changing due to evaporation when passing through the connecting
tubes. Therefore, the original droplet size would be different from
that inhaled. Evaporation rate depends on the relative humidity of
surrounding gas. During inhalation experiment, relative humidity
would change with time due to a progressive increase in water
saturation of the surface of connecting tubes, thus creating prob-
lems in reproducibility of the dose inhaled by laboratory animals.

To avoid uncertainty of droplet size due to evaporation, aerosol
particles are dried out before being supplied to the inhalation
chamber. To this end, the aerosol flow is supplied to the desiccator,
which consists of two concentric cylinders, an innerwire screen, and
an outer metal tube. Desiccant silica gel beads are fixed between the
wire screen and the outer tube. As the aerosol flow moves through



Fig. 1. Schematic of inhalation experiments.
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the inner cylinder, water evaporates from the drops so that water
vapor diffuses through the screen to be adsorbed by silica gel. The
driedparticles of triazavirin are comingout of the desiccator. The size
of final aerosol particles depends on the concentration of triazavirin
in the aqueous solution in nebulizer. Then the aerosol flow is sup-
plied to a Nose Only (NO) mice inhalation chamber. A six-port
chamber made of glass and metal is used. Mice are confined so that
only the nose is exposed to the aerosol. Mice are placed radially
around the cylindrical aerosol chamber. The inner diameter of the
chamber is 6.0 cm. The triazavirin aerosol comes in and out through
the axial pipes. All the mice are exposed to aerosol under identical
conditions. The aerosol flow rate through the inhalation chamber is
2.5 L/min. The aerosol size and concentration in the inhalation
chamber are monitored by a photoelectric counter and aerosol
spectrometer.24-27 Both devices have been designed and built at the
Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia.
The aerosol spectrometer is capable of measuring particle size dis-
tribution within the range 0.003e1.1 mm, and the photoelectric
counter yields the size spectrum in the range 0.3e10 mm. Both de-
vices are capable of measuring aerosol concentration within the
range 101e5,105 cm�3 (without diluter). A three-cascade diluter is
used tomeasure aerosol concentration in the range 105e109 cm�3.28
Sample Preparation and Chromatographic Analysis

Outbred laboratory male mice 28 ± 3 g in weight were used in
inhalation experiments. Triazavirin concentrations in the samples
of serum, lungs, kidneys, and liver were determined by means of
high-performance liquid chromatography with a Milikhrom A-02
instrument manufactured by Econova (Russia). The instrument is
equipped with a column 7.5 cm long, filled with the reverse-phase
sorbent ProntoSil C18. The column is thermostated at 40 �C. Blood
samples were collected after decapitation in microtainer tubes and
centrifuged at 3000 r.p.m. for 15 min, then 100 mL of serum from
each sample was transferred into a centrifuge tube, and 33 mL of
trifluoroacetic acid (50%, Fisher Chemical, 99þ%, for HPLC) was
added. The tubes were stirred for 5 min with Multi-Vortex V-32,
then centrifuged for 15min at a speed of 15,000 r.p.m. Supernatants
(100 mL) were then sampled into chromatographic tubes. The vol-
ume of serum samples introduced into the chromatograph was
20 mL. Elution rate was 150 mL/min. Elution was carried out in the
gradient mode: eluent A e acetonitrile (Sigma-Aldrich, for HPLC,
gradient grade, �99.9%), eluent B e 2 � 10�2 М phosphate buffer
(рН ¼ 3). The initial concentration of eluent B - 3%, gradient -
0e600 mL e 3%, 600e1800 mL e 30%, 1800e2500 mL e 100%.
Detection was carried out at the wavelengths of 254, 266, 280, 310
nm. The species of interest has maximal absorption at 266 nm. The
lung, kidney or liver samples for analysis were homogenized with
the addition of 0.9% NaCl solution for 60 s using a Q55 ultrasonic
processor, and then analyzed in the samemanner as blood samples.

All the animals were taken from SPF vivarium of Federal
Research Center Institute of Cytology and Genetics of the Siberian
Branch of Russian Academy of Sciences. Mice were housed in wire
cages at 22e25 �C on a 12 h light-dark cycle. The animals had free
access to standard pellet diet, tap water was available ad libitum. All
the experimental procedures were approved by the Bio-Ethical
Committee of the N.N. Vorozhtsov Novosibirsk Institute of
Organic Chemistry of the Siberian Branch of Russian Academy of
Sciences in accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimental and other
Scientific Purposes 2010, and the requirements and recommenda-
tions of the Guide for the Care and Use of Laboratory Animals.
Results and Discussion

The total dose delivered by inhalation is measured as described
in detail elsewhere.17-21 The total mass of particles deposited in the
respiratory tract of one mouse per time t (min) can be written as

DM¼aCAFt (1)

where CA (g/cm3) is the particle mass concentration in the aerosol
chamber, F (cm3/min) is the aerosol flow rate through the inhala-
tion chamber. During the aerosol exposition only small fraction of
particles from the aerosol stream in the inhalation chamber is
deposited in the pulmonaryways of mice. Some fraction of particles
comes through the chamber without being inhaled and some
fraction is inhaled and then exhaled. To evaluate the pulmonary
delivered dose one should take into account in Eq. (1) the mean
fraction of particles a that were inhaled by one mouse from the
aerosol stream and deposited in the pulmonaryways. The fraction a

was measured as

a¼ 1
N

�
1� n

n0

�
(2)

where N is the number of mice breathing simultaneously in the
chamber, n and n0 are the outlet aerosol number concentrations for



Fig. 3. Aerosol mass concentration versus triazavirin solution concentration.
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a chamber occupied with mice and for a non-occupied chamber,
respectively. Substituting Eq. (2) into (1) we get

DM¼
�
1� n

n0

�
CAFt
N

(3)

Triazavirin aerosol for inhalation experiments was synthesized
using an ultrasonic nebulizer (see Fig. 1). Fig. 2 shows the aerosol
number concentration and mean diameter at the inlet of the inhala-
tion chamber for different triazavirin solution concentrations in the
nebulizer. The aerosolmass concentrationwasmeasuredby sampling
to the high-efficiencyWhatman filter and weighing. Fig. 3 shows the
aerosolmass concentrationvs. triazavirin solution concentration.One
can see from Fig. 2b that the particle diameter increases with the
solution concentration in the nebulizer. This kind of dependence is
expectable, because the increase of solution concentration results in
the increase ofmass of triazavirin in a drop, and, as a consequence, in
the increase of the mean diameter of triazavirin particles after
desiccation of droplets. The increase of triazavirin particle number
concentrationwith the concentration of solution (Fig. 2a) is probably
due to the dependence of the particle-to-wall deposition in the
desiccator and other aerosol tracts on the particle diameter. The
collateral increase of triazavirin particle number concentration and
diameter gives the nonlinear increase of the triazavirin aerosol mass
concentration at the inlet of inhalation chamber.

A typical size spectrum of triazavirin aerosol particles measured
by the optical counter for triazavirin concentration 20 mg/mL is
shown in Fig. 4. The solution of that concentration was used in all
the subsequent inhalation experiments. To determine inhalation
time necessary to deliver the therapeutic dose to laboratory ani-
mals, triazavirin concentration in the blood vs. inhalation time was
measured as shown in Fig. 5. Together with inhalation time, the
accumulated dose is given in the top axis. The blood was collected
immediately after inhalation experiment. In these experiments,
Fig. 2. Aerosol number concentration (a) and mean diameter (b) at the inlet of the
inhalation chamber as a function of triazavirin solution concentration in the nebulizer.
triazavirin concentration in blood is controlled by both the rate of
triazavirin elimination and the rate of administration to the body.
The kinetics of triazavirin elimination can be described in terms of
one-compartmental model:

dM/dt ¼ waeke M (4)

whereM is the total mass of triazavirin in the body,wa is the rate of
triazavirin administration by inhalation, ke is the first-order elim-
ination rate constant. The total mass M is related to the triazavirin
concentration C as measured in the blood plasma via the following
equation

M ¼ Vd$C (5)

where Vd is the volume of distribution, i.e. the theoretical volume
that would be necessary to contain the total amount of an admin-
istered drug at the same concentration as that observed in the
blood plasma. The combination of Eqs. (4) and (5) results in

dC/dt ¼ wa/Vd e ke$C (6)

The solution of Eq. (6) is
Fig. 4. Size distribution of triazavirin aerosol particles measured by the optical
counter.



Fig. 5. Triazavirin concentration in serum vs. inhalation time. Solid line follows Eq. (7)
with ke ¼ 0.077 min�1.
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C ¼ (1 e exp(eke$t))$wa/(Vd$ke) (7)

The experimental kinetics is well approximated by Eq. (7) with
ke ¼ 0.077 ± 0.010 min�1 and wa/(Vd ke) ¼ 3.31 mg mL�1. As can be
seen from Fig. 5, the rate of dose accumulation is wa ¼ 100 mg/(kg
min), therefore, one can estimate Vd ¼ 390 mL/kg. The total volume
of plasma in mice is about 35 mL per kg of body weight, i.e. Vd is
about 10 times larger than the total volume of plasma.

Fig. 6 shows the dependence of triazavirin concentration in
serum vs. delay time (i.e. time between the end of inhalation and
sacrifice). The experiment was arranged as follows. The mice were
exposed to triazavirin aerosol in the inhalation chamber for 20min,
which corresponded to the inhalation dose of 2 mg per kg of body
weight. Then the inhalation was stopped and the mice were placed
in special boxes for some delay time. Afterwards the animals were
sacrificed and their blood was sampled. The concentration of tri-
azavirin in plasma vs. delay time is well described by the first-order
Fig. 6. Triazavirin concentration in serum vs. delay time (time between the end of
inhalation and sacrifice). Dashed line corresponds to the first-order kinetics with the
elimination rate constant ke ¼ 0.077 min�1. Inhalation dose is 2.0 mg/kg.
kinetics with the elimination rate constant ke ¼ 0.077 ± 0.010
min�1 in agreement with that obtained in the dose accumulation
experiments (Fig. 5). It was found that the accumulation of tri-
azavirin in liver and kidneys is insignificant in inhalation experi-
ments (as well as in the cases of intravenous and per-oral delivery).
The mass of triazavirin in liver and kidneys proved to be less than
0.1 mg (on average) after inhalation for 20 min and the amount of
triazavirin accumulated in lungs was within the range 0.2e0.4 mg
(per one lung). After intravenous administration, the amount
detected in lungs was 0.04e0.3 mg, while after peroral introduction
it was about 0.06 mg. These data suggest that inhalation delivery of
triazavirin provides the possibility of both systemic and local
treatment (which is not less efficient than that in the case of
intravenous administration and much more efficient than in the
case of peroral intake).

It is also of interest to compare pharmacokinetic dependencies
for aerosol delivery with those for intravenous and per-oral ad-
ministrations. The intravenous injection (Fig. 7) results in the first-
order kinetics for triazavirin in plasma with the elimination rate
constant ke ¼ 0.087 ± 0.010 min�1, which is in a reasonable
agreement with that for aerosol administration.

In the case of per-oral administration, the temporal depen-
dence of triazavirin concentration in plasma passes through the
maximum (Fig. 8) which means that the absorption rate is a
function of triazavirin concentration in the gastrointestinal (GI)
region. The dependence of concentration on time can be
described in terms of a two-compartmental model with the ki-
netics equations

dMGI

dt
¼ � kaMGI (8)

dMB

dt
¼ kaMGI � kbMB (9)

where MGI is the mass of triazavirin in the GI region and MB is that
in the body beyond the gastrointestinal barrier; ka and kb are the
apparent pseudo-first-order rate constants of absorption and
elimination, respectively. The solution of Eqs. (8) and (9) is
Fig. 7. Triazavirin concentration in serum vs. time (intravenous administration). Body
delivered dose is 2.0 mg/kg. Dashed line corresponds to the first-order kinetics with
the elimination rate constant ke ¼ 0.087 min�1.



Fig. 8. Triazavirin concentration in serum vs. time (per-oral administration). Solid line
follows Eq. (11). Body delivered dose is 30 mg/kg.

S.V. Valiulin et al. / Journal of Pharmaceutical Sciences 110 (2021) 1316-1322 1321
MB ¼
kaM0

GI
kb � ka

ðexpð�katÞ� expð�kbtÞÞ (10)

or

C¼ kaM0
GI

Vdðkb � kaÞ ðexpð�katÞ� expð�kbtÞÞ (11)

where C is triazavirin concentration in serum,M0
GI is the initial mass

of triazavirin in the GI region. Eq. (11) fits well the experimental
concentration-time data plotted in Fig. 8, with ka and kb equal to
0.28 ± 0.03 and 0.023 ± 0.003min�1, respectively. The quantity kb is
considerably less than the elimination rate constant ke as
Fig. 9. Triazavirin concentration in serum vs. time (aerosol administration). Diamonds
show an increase in concentration during inhalation (see also Fig. 5), squares e con-
centration decay after inhalation. The body delivered dose after inhalation for 20 min
is 2.0 mg/kg.
determined in the intravenous and aerosol administration experi-
ments. The reason is probably in non-linear dependence of the
absorption rate on triazavirin concentration in the GI region.

The bioavailability FA and FPO of the aerosol and peroral forms of
triazavirin, respectively, can be calculated as

FA ¼
AUCADoseIV
AUCIVDoseA

100% (12)

FPO ¼AUCPODoseIV
AUCIVDosePO

100% (13)

where AUCA, AUCPO and AUCIV are the areas under the plasma
concentrationetime curves for the aerosol, per-oral and intrave-
nous delivery, respectively, and DoseA, DosePO and DoseIV, are the
body delivered doses for these ways of administration. To calculate
the bioavailability, the dependence of plasma concentration on
total time (including both the inhalation time and the time after the
inhalation) is plotted in Fig. 9. It is easy to calculate from the data
shown in Figs. 7e9 the quantities FA ¼ 85 ± 15% and FPO ¼ 21 ± 5%.
Conclusions

Aerosol inhalation delivery of triazavirin to the outbred male
mice is investigated. For this purpose, an ultrasonic way of gener-
ation is elaborated. The mean size and concentration of aerosol
generated from the aqueous solution of triazavirin, with the con-
centration of 20 mg/mL in the nebulizer, are 560 nm and
4 � 105 cm�3, respectively, which corresponds to the aerosol mass
concentration 1.6 � 10�4 mg cm�3. After inhalation for 20 min in
the nose-only chamber, the aerosol dose delivered to the laboratory
animals proved to be 2 mg/kg, and triazavirin concentration in the
blood plasma is found to be 2.6 mg/mL. The elimination rate con-
stant was determined in aerosol administration experiments
ke ¼ 0.077 min�1 to be in agreement with that measured after
intravenous delivery, but per-oral administration resulted in
considerably lower apparent elimination rate constant of pseudo-
first order, probably due to non-linear dependence of the absorp-
tion rate on the triazavirin concentration in the GI region. It is found
that aerosol administration, as well as intravenous and per-oral
delivery, does not result in triazavirin accumulation in organs.
The mass of triazavirin in liver and kidneys proved to be less than
0.1 mg (on average) after inhalation for 20 min and the amount of
triazavirin accumulated in lungs was within the range 0.2e0.4 mg
(per one lung). After intravenous administration, the amount
detected in lungs was 0.04e0.3 mg, while after peroral introduction
it was about 0.06 mg. These data suggest that inhalation delivery of
triazavirin provides the possibility of both systemic and local
treatment (which is not less efficient than that in the case of
intravenous administration and much more efficient than in the
case of peroral intake). The bioavailability of the aerosol form of
triazavirin is found to be 85%, which is nearly four times larger than
that for the traditional per-oral administration.
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