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INTRODUCTION 

Influenza, as well as the other acute respiratory viral in- 
fections, are the most widespread viral infections that cause 
considerable damage to public health and economies all 
around the world. The permanent antigen variability of the 
respiratory viruses necessitates of using ethiotropic chemical 
drugs for the prophylaxis and treatment of these infections. In 
the past two decades, achievements in experimental and clini- 
cal virology, biochemistry of viruses, and organic chemistry 
allowed several effective antiviral preparations for systemic 
administration to be created and put into practice. These in- 
clude arbidol, remantadin, adapromine, and deitiforin. 

At the same time, taking into account the droplet charac- 
ter of spreading of respiratory infections and some features in 
the pathogenesis of these diseases, an important role in the 
prophylaxis and treatment of influenza and other acute respi- 
ratory viral infections belongs to preparations for local appli- 
cation. These remedies are frequently better tolerated and less 
toxic because of the absence of resorption effects. 

The group of antiviral preparations for local application 
includes 0.25% oxolin ointment - a domestic remedy created 
and developed at the Center for Drug Chemistry - All-Russia 
Research Institute of Pharmaceutical Chemistry (Moscow). 
This ointment is used for the prophylaxis of influenza and for 
the treatment of catarrhal symptoms accompanying this dis- 
ease [1]. 

A parent compound in the ointment is oxolin, which was 
originally assigned the structure of 1,2,3,4-tetrahydro- 
1,2,3,4-tetraoxonaphthalene dihydrate [ 1]. This is an odorless 
crystalline substance of white color, sometimes with a 
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creamish tint, readily soluble in water. The aqueous solutions 
are unstable and darken in alkaline environment, being more 
stable in weakly acidic media. 

OXOLIN STRUCTURE REFINED 

Our structural investigations performed by the methods 
of mass spectrometry and NMR spectroscopy showed that 
oxolin molecules should be more correctly assigned the struc- 
ture of 1,2,3,4-tetrah r 1,4-dioxo-2,2,3,3-tetrahydroxy- 
naphthalene (I). Taking into account the process of oxolin 
synthesis from isonaphthazarin (II), the general reaction path- 
way can be represented by the following scheme: 

O 

C@ ~ O H  

O 

II 

O 

CI2 ) OH 

OH 

1 

O 

0 

O H  

O H  

H 
O 

I (oxolin) 

+2 H20 
1- 

- 2 HCI 

508 

The proposed structure is confirmed by the following 
body of data. 

The mass spectrum of oxolin measured by the method of 
chemical desorption ionization (Fig. l) displays an intense 
peak of the quasimolecular ion MH + (m/z = 225 amu), as well 
as the peaks of [MH-H20] + (207) and [MH-2OH] + (191). 
Therefore, the molecular weight of compound ! is greater by 
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Fig. 1. Mass spectrum of oxolin measured by the method of chemical 
desorption ionization. 
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Fig. 2. Electron-impact ionization mass spectrum of oxolin. 

36 amu than the value corresponding to 1,2,3,4-tetrahydro- 
1,2,3,4-tetraoxonaphthalene. This result suggests that oxolin 
possesses a tetraoxydiketone structure. 

The electron-impact ionization mass spectrum of oxolin 
(Fig. 2) exhibits the peaks of  [M-H20] + (206), [M-2OH] + 
(190), [M-H-CO2] + (179), [M-H20-CO] + (178), [M-H20- 
CO2] + (162), [C6H4(CO2)] + (132), [PhCOOH] + (122), 
[ C 6 H 4 C O ]  + (104), and [C6H4] + (76). This pattern of decay un- 
der the action of electron impact fully agrees with the pro- 
posed structure (I). 

The IH NMR spectrum of  oxolin (Fig. 3a ) contains sym- 

metric multiplets at ~5 = 8.00 and 7.83 ppm belonging to the 
H5(8) and H6(7) protons, respectively (Fig. 3b ), and a broad 
singlet at 8 = 6.74 ppm. 2) The intensity of the latter signal 
(4H units) is independent of  the amount of water in the sol- 
vent, this water being represented by a signal in the region of 
5 = 3 . 3 -  3.4 ppm. Therefore, the singlet at 5 = 6.74 ppm 
should be assigned to the protons of four equivalent OH 
groups in the proposed structure of  I. 

The 13C NMR spectrum of  oxolin contains signals at ~5-- 
134.2 (C6(7)), 126.9 (C5(8)), and 133.7 ppm (C4a(8a)), belong- 
ing to the equivalent pairs of carbon atoms in the benzene 
ring (Fig. 4a),  and signals at 6 = 193.6 and 96.0 ppm. The 

2 Assignment of  the ]H NMR signals from benzene ring protons is given in 
the experimental physicochemical part below. 

signal at 193.6 ppm corresponds to two equivalent carbons of 
the carbonyl groups conjugated to the aromatic nucleus and, 
hence, occupying positions 1 and 4. The singlet at 96.0 ppm, 
which also belongs to a pair of  equivalent carbon atoms, ex- 
hibits a considerable shift toward strong fields and, hence, 
cannot be assigned to carbonyl groups. Therefore, the tetrake- 
tone structure of oxolin must be rejected. Both the chemical 
shift and multiplicity of  the latter signal are typical of  an sp3- 

hybridized quaternary carbon atom linked by ~5-bonds to four 
neighbors- two carbons and two oxygens. This pattern cor- 
responds to C2(3) in the refined oxolin structure proposed. 

EXPERIMENTAL PHYSICOCHEMICAL PART 

The experiments were performed with an oxolin sample 
of pharmacopoeial grade, meeting all the requirements of the 
corresponding pharmacopoeial clause (FS 42-1670 - 88). 

The mass spectra of oxolin in the electron-impact ioniza- 
tion and the chemical desorption ionization modes were 
measured on a Finnigan SSQ-710 spectrometer (USA). The 
chemical desorption ionization mass spectra were obtained 
using isobutane as a reactive gas. 

The NMR spectra were measured using a Varian Unity + 
400 spectrometer (USA) operated at a working resonance fre- 
quency of 400 and 100 MHz on the IH and 13C nuclei, re- 
spectively. The spectra were calibrated using signals of the 
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Fig. 3. IH NMR specmlm of oxolin in DMSO-d 6 (a); the signals from benzene ring protons recorded in an expanded scale (b). 
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DMSO-d6 solvent as the internal standard with 8 = 39.6 and 
2.49 ppm in the J3C and lit modes, respectively. 

The proposed assignment of signals from the benzene 

ring carbon atoms in the 13C NMR spectrum of oxolin is 

based on the difference in multiplicity observed for the sig- 

nals from C5(8) and C6(7) measured without proton decoupling 

(Fig. 4b ). The signal from C5(8) represents a doublet (lJcn = 

164.5 Hz) of multiplets (splitting due to the interaction with 

strongly coupled 6-H and 7-H protons). The signal from C6(7) 
is a doublet (IJcn = 164.5 Hz) of doublets (splitting at the ex- 

pense of 3Jmeth a = 7.9 Hz for a weak interaction between 5-H 

and 8-H protons). This assignment agrees with the results of 

the chemical shift calculation for the oxolin benzene ring car- 

bons. The calculation was performed using increments of the 

COCH 3 substituent in the benzene ring determined for carbon 

atoms occupying the o, m, and p positions with respect to the 
substituent [2]. 

The proposed assignment of signals from the benzene 
ring protons in the IH NMR spectrum of oxolin follows from 

the above assignment of signals due to the Cs(s) and C6(7) car- 
bons in the 13C NMR spectrum and the 2D 13C-1H heterocor- 

relation spectrum (Fig. 5) in which the cross-peaks corre- 
spond to a direct (via single bond) spin-  spin coupling be- 
tween 13C nucleus and proton. 

EXPERIMENTAL BIOLOGICAL PART 

The results of our experimental investigation showed that 
oxolin possesses a broad spectrum of antiviral action with re- 
spect to both RNA and DNA genome viruses [3]. 

TABLE 1. Virucidal Activity of Oxolin with Respect to APR-8 (HINI) 
Influenza Virus 

Oxolin 
concentration, p,g/ml 

Survival ratio* for virus dose 

ILDI0 o 10LDI00 100LDI00 

1000 20/20 20/20 0/20 
100 20/20 20/20 0/20 
I0 20/20 0/20 0/20 
Virus control 0/20 0/20 0/20 

* Numerator and denominator indicate the number of mice that survived 
against the total number of  animals tested. 

TABLE 2. Oxolin Induced Inhibition of  the Reproduction of A/41/57 
(H 1N 1) Influenza Virus in Human Embryo Lung Diploid Cell Culture 

Oxolin concentration, gg/ml 
Virus 
,~ose,* HAR** titer Virus titer (EIDso) 

EiD5o/cell in culture medium for chicken embryo infection 

0 10 7.5 0 l0 7.5 

0.4 128 32 64 5.7 2.7 3.7 

0.04 32 0 2 5.7 2.2 2.7 

0.004 2 0 0 2.7 0 1.7 

** EIDs0 - embryonal infection dose. 
HAR hemagglutination reaction. 
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Fig. 4. 13C NMR spectra ofoxolin showing (a) the region of signals from benzene ring carbons measured without proton decoupling and (b) the total proton-de- 
coupled spectrum. 

During a 1-h contact in vi tro at 14~ with a suspension of 
the lung tissue of white mice inoculated with the APR-8 
(H1N1) influenza virus, oxolin at a concentration of  10 and 

100 gg/ml fully suppressed the infection activity of  the virus 
at an amount of one and ten LDs0, respectively (Table 1) [4]. 
Similar results were obtained for the virucidal properties of  
oxolin with respect to influenza viruses of a different antigen 
formula A/Aichi (H3N2), where the drug at a concentration 

of  10 gg/ml fully inhibited the infection activity of the virus 
taken in a dose of one LDI00. However, oxolin not only ex- 
hibited a virucidal effect in direct contact with the virus-con- 
taining material, but produced a virus-inhibiting action with 
respect to virus reproduction in the sensitive cells as well. For 

example, 10 and 7.5 gg/ml oxolin concentrations suppressed 
the growth of the A/41/57 (H1N1) influenza virus upon in- 
oculation of  a human embryo lung diploid cell culture by 
markedly (2.0 - 3.0 log IDs0 ) reducing the infectious titer and 
the hemagglutination activity of  viruses against the control 
sample representing a monolayer of  cells not treated with 
oxolin (Table 2). 

The joint experiments performed with the Ivanovskii In- 
stitute of  Virology (Moscow) showed that oxolin in a concen- 

tration of  75 and 50 gg/ml retarded development of  the cy- 
topathic effect, completely suppressed the hemagglutination 
activity, and markedly (3.2 - 3.7 logIDs0) reduced the infec- 
tious titers of  the A/FPV/Waybridge microvirus growing in a 
cell culture of chicken fibroblasts upon inoculation on a level 
of  0.1 BOD units per cell. At a lower viral infection multi- 

plicity (0.001 -0 .01 BOD/cell), the viral growth was virtu- 
ally completely inhibited by oxolin [5]. 

The inhibiting effect of  oxolin upon the reproduction of 
influenza virus in sensitive sells was confirmed by in ovo  ex- 
periments with ten-day chicken embryos inoculated in allan- 
tois vessels. The oxolin preparation in a dose of 0.5 and 1 nag 
per embryo inhibited reproduction of the A/PR-8/34(H1N1) 
virus in the embryos inoculated with 100 embryonal infection 
doses (EIDs0). The infectious titers of  this virus in groups of 
embryos treated with oxolin were lower by 4 . 0 - 5 , 0  
log EIDs0 compared to the control level. The hemagglutina- 
tion activity of  the virus was also suppressed (Table 3). 

To summarize the results of  experimental investigation of 
the oxolin activity with respect to influenza viruses, it should 
be emphasized that this compound not only produces a viru- 
cidal action in direct contact with the intact virion, but re- 
duces the level of  virus reproduction in sensitive cells as well, 
suppressing the infection and hemagglutination activity of  vi- 

TABLE 3. Oxolin induced Inhibition of the in ovo Reproduction of 
A/PR-8/34 (H IN 1) Influenza Virus in Chicken Embryos Inoculated with 100 
EIDso 

Oxolin dose, HAR titer (inverse values) Virus titer (EIDs0) 

rag/embryo Test Control Test Control 

0.5 194 3200 2.0 6.0 
1 28 3200 1.0 6.0 

* Each test group included nine chicken embryos. 
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Fig, 5. Two-dimensional 13C-IH NMR heterocorrelation spectrum of oxolin 
in the region of signals from benzene ring carbons. 

ruses. Apparently, this complex activity of oxolin is the basis 
for its antiviral effect with respect to influenza. 

Investigations of the effect of oxolin upon some other 

RNA genome viruses showed that 5 0 -  90 gg/ml concentra- 
tions inhibit reproduction of the Venezuela encephalomyelitis 
virus in chicken fibroblast cell culture and offers protection to 
experimental mice inoculated with one or ten LD5o doses of 
West-American hoarse encephalomyelitis virus [6]. The 

oxolin dose of 250 gg per chicken embryo reduced by 40% 
the loss of embryos inoculated with the Newcastle disease vi- 
rus against a 100% loss in the control [7]. 

The results of experimental and clinical investigations on 
DNA genome viruses showed that oxolin exhibits activity 
with respect to species such as herpes simplex virus, herpes 
zoster virus, Aujeszky's disease virus, adenoviruses, infec- 
tious verruca and molluscum contagiosum [8 - 12]. 

In addition to the pronounced antiviral activity, oxolin at 

a concentration of 250-  1000 gg/ml produces in vio'o a bac- 
teriostatic action with respect to mycobacteria and a fungis- 
tatic effect on pathogenic fungi, in particular, dermatophytes. 

Toxicological investigations showed that oxolin exhibits 
rather low general toxicity, with the LDs0 value for white 
mongrel rats exceeding 700 mg/kg. In experiments on rab- 
bits, oxolin produced no local irritation or resorption toxicity 
effects when applied in the form of a 5% ointment onto intact 
and scarified skin areas, introduced into a conjunctival eye 
sac, or instilled as a 10% aqueous solution into a nasal mu- 

cous membrane (all treatments performed once per day over a 
period of ten days). Oxolin induced no pathomorphotogical 
changes in the internal organs of experimental animals (gas- 
trointestinal tract, pancreas, liver, kidney, heart, thymus, 
spleen, adrenal gland) and produced no detrimental changes 
in the peripheral blood (hemoglobin, erythrocytes, leuko- 
cytes, leukocytar formula) [13]. 

It was established that oxolin produces no teratogenic and 
embryotoxic effects and exhibits no immunodepressant activ- 
ity [14]. 

After application of a 14C labeled 2% oxolin ointment 
onto skin, about 5% of the compound was found in parenchy- 
matous organs, this quantity increasing up to 20% after appli- 
cation of a 0.25% ointment onto the mucous membrane of the 
eye. Oxolin did not accunmlate in the organism of experi- 
mental animals and was eliminated, predominantly with 
urine, within the first day after administration [15]. 

RESULTS OF CLINICAL INVESTIGATION 

The main direction of the administration of oxolin in the 
form of an 0.25% ointment in medical practice is related to 
prophylaxis and treatment of influenza and other acute respi- 
ratory viral infections. A broad clinical investigation of this 
remedy was undertaken at the end of  the 1960s and in the be- 
ginning of the 1970s by five leading medical centers of the 
USSR and involved a total of about 13.5 thousand patients. 

For the purpose of individual prophylaxis of the influenza 
infection, 0.25% oxolin ointment was administered for daily 
application (once or twice per day) onto nasal mucous mem- 
brane over a seasonal epidemic period or during the period of 
contact with influenza patients. 

The staff of the Central Sanitary-Epidemiological Station 
(USSR Ministry of Public Health, Moscow) studied the pro- 
phylactic efficacy of 0.25% oxolin ointment during the epi- 
demic of 1969 in two cities. The experiment involved 9600 
children under school age in 80 nursery schools. It was estab- 
lished that application of the ointment prevented infection in 
43% of cases and made the course of the disease less severe 
in other cases. The frequency of complications in the form of 
pneumonia, bronchitis, and angina in the groups of children 
who received 0.25% oxolin ointment was 1.2- 1.6 times 
lower compared to the control level. On the whole, the inves- 
tigation showed a decrease in the level of infection in chil- 
dren treated with the 0.25% oxolin ointment, whereas the 
curve of infection kept increasing in the control groups [16, 
171. 

According to the data gained by the Lvov Research Insti- 
tute of Epidemiology and Microbiology (Lvov, Ukraine), the 
prophylactic application of 0.25% oxolin ointment in a group 
of 611 scholars and students aged 15 - 18 reduced by 50% 
the level of infection with influenza and other acute respira- 
tory diseases in patients who apply the ointment twice per 
day, and by 45% in patients treated once per day, that is, even 
a single daily application is sufficiently effective. 
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According to materials o f  the investigation performed by 
the Kishinev Sanitary-Epidemiological Station (Kishinev, 
Moldova), where the 025% oxolin ointment was adminis- 
tered to a total of 2939 people, the level of influenza infection 
in the test group decreased by 40 - 45%. 

The effect of 0.25% oxolin ointment was also studied at 
the All-Union Research Institute of  Influenza (USSR Minis- 
try of Public Health, Moscow) on a model of experimental 
vaccinal influenza infection in a group of 176 volunteers. The 
results of this test also confirmed the prophylactic efficacy of 
the ointment. The absence of  vaccinal influenza infection 
symptoms was observed in 45% of  the test group, while the 
other patients exhibited a less severe course of  the disease as 
compared to that in the control groups. Volunteers receiving 
the 025% oxolin ointment in a prophylactic mode showed a 
decrease in intensity of the immunological response to the in- 
troduction of living influenza vaccine. 

The effect of 0.25% oxolin ointment was also studied in a 
group of 165 adult patients admitted to a hospital of  the Clini- 
cal Department of the Ivanovskii Institute of Virology (USSR 
Ministry of Public Health, Moscow) with a diagnosis of me- 
dium-critical influenza. The ointment was applied to nasal 
passages 3 -  4 times per day, in addition to gargling fauces 
with a 0.25% oxolin solution prepared extempore. The treat- 
ment was continued for 4 - 5 days. The efficacy of  this treat- 
ment was evaluated by monitoring the duration of  the main 
clinical influenza manifestations (fever, intoxication, ca- 
tarrhal symptoms) in the patients treated with oxolin in com- 
parison to those in the control group. It was established that 
the local application of oxolin did not affect the duration of 
the period of fever and intoxication but reduced the period of 
catarrhal symptoms, decreases exudation, and improves nasal 
breathing. The Clinical Department recommended the 0.25% 
oxolin ointment for local application during the treatment of 
catarrhal symptoms in influenza patients [ 18 - 20]. 

To summarize the results of  clinical investigation of  the 
0.25% oxolin ointment as a means of prophylaxis and therapy 
for influenza and other acute respiratory viral infections, we 
note that application of this ointment for the purpose of indi- 
vidual prophylaxis over epidemic periods prevents infection 
with influenza and other acute respiratory viral diseases in 45 
-50% cases, makes the course of  disease less severe in in- 
fected patients, and reduces the risk of post-influenza compli- 
cations. The ointment can also be used for rapid treatment of 
catarrhal symptoms in influenza patients. The oxolin oint- 
ment is well tolerated by both adults and children and has no 
side effects. Some patients may feel a slight nasal tingling 
sensation, which passes away rapidly. 

The 0.25% oxolin ointment was recommended by the 
USSR Ministry of Public Heath as a remedy for the prophy- 
laxis of influenza and for the treatment of influenzal rhinitis 
and has been successfully used since then (i.e., over almost 
three decades) during influenza epidemics. 

The broad spectrum of  antiviral activity inherent in 
oxolin, in particular, a pronounced virucidal action with re- 
spect to herpes simplex virus, was proved in experimental in- 

vestigations performed using both cell cultures and in vivo 
models [4, 8, 9]. Following this, the therapeutic activity of 
the oxolin ointment of various concentrations was studied in 
patients suffering from herpetic disorders of the mucous 
membranes and skin. 

Specialists at the Chair of Children Stomatology of the 
Institute of Medical Qualification Improvement (Moscow) 
investigated the effects of 0.25% oxolin ointment used for the 
therapy of 100 patients suffering from light and medium 
forms of acute herpetic stomatitis. The ointment was applied 
onto the affected parts for several minutes 3 -  4 times per 
day. It was established that 0.25% oxolin ointment prevented 
repeated eruptions of the damage, thus making less severe the 
course of  the disease and shortening the time required for 
complete recovery. In particular, the duration of catarrhal 
gingivitis deceased by half. The ointment was well tolerated 
by children and was recommended for wide practical use in 
the treatment of acute heretic stomatitis in children [21, 22]. 

The Central Research Institute of Stomatology (Moscow) 
studied the therapeutic affects of 0.1% oxolin ointment and 
0.05% aqueous solution in 150 patients suffering from vari- 
ous forms ofstomatitis (acute herpetic, acute aphthous, recur- 
rent chronic aphthous, and recurrent scarring stomatitis). The 
ointment was used applied to the affected parts, with a 3 -  
5 rain treatment repeated 4 - 6 times per day. The oxolin so- 
lution was used as a mouth gargle in cases of multiple dam- 
age of  the mucous membrane in the oral cavity, which was 
also performed 4 - 6 times per day. It was found that oxolin 
treatments in most cases produced a positive effect even after 
only 1 - 2  days, as manifested by reduced tenderness of the 
affected area, decreasing surface erosion, and cleaning of the 
aphthae from fibrinous deposit and ulcers from necrotic mass. 
The time required for epithelization of the herpetic elements 
and aphthae decreases 3 - 4 times as compared to that in the 
absence of oxolin treatment. The best results were obtained 
when the treatment was begun within the first few days of in- 
fection [23]. 

It was also established that oxolin in the form of oint- 
ments is an effective remedy for the treatment of skin dis- 
eases induced by herpes simplex and herpes zoster viruses, 
but the concentration of the parent compound must be in- 
creased [ 10, 24]. 

The therapeutic properties of  oxolin were also studied in 
four eye hospitals in different cities of the USSR. The investi- 
gation involved 247 patients, of which 124 had a diagnosis of 
herpetic keratitis and 123, of adenoviral keratoconjunctivitis 
[25 - 28]. In this test, oxolin was used in the form of a 0.2% 
solution and 0.25% eye ointment. Promising results were ob- 
tained in patients with both ophthalmic herpes and adenoviral 
eye infection. However, oxolin did not find wide application 
in ophthalmologic practice - on the one hand because special 
ophthalmic forms were not implemented into commercially 
produced and, on the other hand, because new and more ef- 
fective remedies were developed for the treatment of viral 
eye diseases. 
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CONCLUSION 

The results of  experimental and clinical investigations 
showed that oxolin is an effective antiviral compound. The 

0.25% oxolin ointment is successfully used for the individual 
prophylaxis of  influenza and other acute respiratory viral dis- 

eases, as well as for the treatment o f  viral rhinitis. The 0.25% 
oxolin ointment has proved to be well  tolerated by  both 
adults and children, with no side effects. This is an advantage 

o f  the oxolin preparations over other drugs intended for sys- 
temic application. The 0.25% oxolin ointment is especially 

effective with respect to herpes viruses, which is very impor- 
tant if  we take into account that influenza and other acute res- 
piratory viral infections frequently lead to recidivating 

chronic latent herpetic infection with herpes labialis, herpes 
nasalis, and other clinical forms. 

Of special attention is the possibi l i ty of  using 0.25% 
oxolin ointment for the treatment o f  viral stomatitis. Treat- 

ment of  skin disorders induced by herpes simplex and herpes 
zoster viruses requires application o f  elevated concentrations 
ofoxolin.  
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