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Acute rhinosinusitis (ARS) symptoms
are presented of two or more symptoms like
nasal blockage/obstruction/congestion or nasal
discharge (anterior/posterior nasal drip) and
facial pain/pressure or reduction/loss of smell
or cough in daytime and night-time (in child-
ren), with sudden onset of symptoms and dura-
tion, not more than 12 weeks [1]. ARS treat-
ment and prevention is connected to the ration-
al choice of drug dosage form, which will pro-
vide the therapeutic effect and the safety of a
drug substance or a drug substance complex [1-
4]. Anti-exudative action of Enisamium lodide
(ED) is the well-known advantage and used for
treatment and prevention of acute respiratory
viral infections with significantly increase pa-
tients' quality of life by nasal congestion relief,
which is one of the major symptoms of ARS
[1, 4]. Farmak JSC (Ukraine) has developed a
new nasal spray with Enisamium Iodide
aqueous solution (N-methyl-4-
benzylcarbamidopyridinium lodide) — original
dosage form of a well-known pharmaceutical
substance.

The anti-inflammatory action of Enisa-
mium lodide (EI) has been proved in the pre-
clinical studies [5-7]. Nasal spray dosage form
potentially can have high drug effectiveness for
ARS treatment by a direct positive effect on
the inflammation and swelling into the sinus
ostium. Nevertheless, for drug effectiveness
evaluation can be required nasal endoscopy
(NE)as clear evaluation criteria [1, 8-10], us
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the most informative visual methods with high
reliability, safety and result saving via photo
and video equipment. Therefore, researchers
could be used NE in experimental rhinology as
a method of direct visualization for confirma-
tion of induced pathology as well as a method
for evaluation of the effectiveness of test drugs
[10].

Aim: To substantiate the effectiveness of
EI (nasal spray) 10 mg/mL on the maxillary
sinus ostium state via NE in rabbits with expe-
rimental rhinosinusitis (ERS) was our com-
parative study aim.

Material and methods

To achieve this study aimed, we devel-
oped the study design, which is shown in
Fig. 1. As test object, we have chosen a new
nasal spray with an aqueous solution of EI
(Farmak JSC, Ukraine) at concentration
10 mg/mL according to results of the previous
stage of experimental study [5-7]. We adminis-
tered nasal spray at 0.1 mL intranasally (i.n.)
(Tabl. 1). This dose has corresponded to the
dose of 0.03 mL/kg by average weight of a
rabbit at the study beginning (around 3.0 kg).
This dose corresponds to 0.6 mL for a human,
i.e. 0.2 mL (twice pressing of the dosing valve)
per 3 times a day in an unchanged state into the
right rabbit nasal passage using Biohit Proline
fixed volume pipettor 200 pul with Biohite pi-
pettor tips [11]. The dose has been calculated
according to the FDA recommendations on
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dose extrapolation [12]. In the intact control
and control pathology groups was used 0.9%

saline in an equivalent dose and route of ad-
ministration (Tabl. 1).
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Fig. 1. Preclinical study design «The effectiveness of the test objects on the maxillary sinus ostium via NE'

in rabbits with ERS*»:
'NE, nasal endoscopy;
ZERS, experimental rhinosinusitis;
’n, total number of the experimental animals;

*n, number of the experimental animals in each groups;

°EI, Enisamiun Iodide (nasal spray) 10 mg/mL;
%25 mg/kg, EDs, for the anti-inflammatory activity.

BNO-101 by trade name Sinupret®
(«Bionorica SE», Germany) in coated tablets for
oral use containing 78 mg of native herbal ex-
tract in each tablet (Rumex acetosa, Sambucus
nigra, Primula veris, Verbena Officinalis, Gen-
tiana lutea) was the reference drug. BNO-101
was administered at dose of 25 mg/kg to rabbits
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orally (intragastrically) as a water suspension
via a special catheter with an elastic cannula
(Tabl. 1). Under FDA recommendations [12]
this dose has corresponded to the dose of
480 mg for human or 6 tablets, i.e. 2 tablets 3
times a day that is equal to the recommended
dosage regime indicated in the drug label [13].
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To induce ERS we used twenty-four
white New Zealand rabbits of both sexes aged
around 90-110 days weighing 2.5-3 kg by
tamponade of the right halves of the nasal
cavity under general anesthesia with Keta-
mine/Xylazine (35/5 mg/kg, intramuscularly
[14] which is a well-known model of RS in
experimental rhinology [15, 16] at the first
day. After 15™ day, sponges were removed
and during the further 10 days, study objects
were administered at the respective doses
(Table 1).

We used NE of the right halves of the
nasal cavity under general anesthesia [14] for
ERS manifestation in all study stages (Fig. 1)
by Karl Storz rhinoscopes (Germany). The
pictures were digitally captured and examined
to reveal the pathological changes of the maxil-
lary sinus ostium. The semi-quantitative as-
sessment was used to assure of the study re-

sults objectivity. A range of total scores was
assessed which represents the maxillary sinus
ostium damage (Table 2). At the end of the
study, the animals were euthanized under gen-
eral anesthesia [14] in compliance with bioeth-
ical standards of conducting experiments with
laboratory animals [17].

The test animals were kept in the Viva-
rium of the Central Research Laboratory, Na-
tional University of Pharmacy (Kharkiv,
Ukraine) following the sanitary standards and
the required diet. All researches were con-
ducted in accordance with the Directive
2010/63/EU on compliance with the laws, di-
rectives and administrative regulations of the
EU countries on the protection of animals used
for scientific purposes [18]. The Bioethics
Commission of the National University of
Pharmacy (Kharkiv, Ukraine) approved study
design (Protocol No3 of 15 March 2017).

Table 1
The distribution of experimental animals (1n=24)
. . Daily dose, Route of
Animal groups Study object concentration administration
1 |Intact control group (n*=6) 0.9% saline 0.1 mL Intranasally
2 |Control pathology group (n’=6) 0.9% saline 0.1 mL Intranasally
3 |Enisamium Iodide treated group (n’=6) Enisamium lodide 0.1 mL Intranasally
(nasal spray)
2 BNO-101 3 .
4 |BNO-101 treated group (n"=6) (coated tablets) 25 mg/kg Intragastrically
'n, total number of the experimental animals;
“n, number of the experimental animals in each groups;
’25 mg/kg, EDs, for the anti-inflammatory activity.
Table 2

The scale for endoscopic assessment of the experimental rhinosinusitis severity
via the maxillary sinus ostium state in rabbits

The maxillary sinus ostium state Points
no swelling, the maxillary sinus ostium is functioning 0
insignificant swelling, the maxillary sinus ostium is functioning partially 1
significant swelling, the maxillary sinus ostium is not functioning (sinus ostium is blocked) 2

The severity of the experimental rhinosinusitis manifestations

Severity degree The total score Severity degree The total score
No changes (physiological state) 0-0.4 Moderate 1.1-1.5
Mild 0.5-1.0 Severe 1.6-2.0
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Statistical Analysis

Statistical analysis of the results was per-
formed using Kruskal-Wallis one-way analysis
of variance and Mann-Whitney U test for a
posteriori pair wise comparisons [19, 20]. Uti-

Results and Discussion

Intact control group

NE of the right half of the nasal cavity in
the intact control group did not reveal patho-
logical changes of anatomical structures in-
cluding maxillary sinus ostium. On the 15" and
25" days of the study, swelling of the maxillary
sinus ostium was not detected and the normal

lized computer software included IBM SPSS
Statistics v. 22 (IBM Corp., USA) and MS
Excel 2016 (Microsoft Corp., USA). The level
of statistical significance was considered as
p<0.05.

function of the maxillary sinus ostium was
preserved in all animals (Fig. 2).

The semi-quantitative assessment of rab-
bit nasal cavity with ERS is presented in Table
3. The total scores calculated for the intact
group was 0 (0 + 0) at the first and the second
stages of the study which corresponds to the
physiological state (Table 2).

Table 3

The semi-quantitative assessment of the maxillary sinus ostium state in rabbits
with experimental rhinosinusitis under Enisamium Iodide 10 mg/mL (nasal spray)
and BNO-101 influence according to the endoscopic evaluation (n'=24)

The number/relative percentage
Parameters ] ] .
The state of the maxillary sinus ostium The total score
oinis (median; min+max)
Experimental groups P
0 1 2
15™ day of the study
1 |Intact control group (n*=6) 6/100% 0 0 © 9 0)
2 Control patholo roup (n°=6) 0 0 6/100% 20°
p gy group 0 (2.0 = 2.0)
3
3 Enisamium Jodide treated group (n*=6) 0 2/33% 4/67% a 02 _O 2.0)
4 2 o . 2.0°
BNO-101 treated group (n"=6) 0 2/33% 4/67% (1.0 = 2.0)
25" day of the study
Intact control group N 0
1 (n’=6) 6/100% 0 0 (0= 0)
3
2 Control pathology group (n*=6) 0 2/33% 4/67% a 02 _0 2.0)
; S
Enisamium Iodide treated group (n*=6) 4/67% 2/33% 0 © O - 1.0)
4 5 107
BNO-101 treated group (n"=6) 0 6/ 100% 0 a O'+ 1.0)

n, total number of the experimental animals;

1
2
3
4
5
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n, number of the experimental animals in each group;

— differences are significant compared to the intact control group (p<0.05);

— differences are significant compared to the control pathology group (p<0.05);
— differences are significant compared to BNO-101 treated group (p<0.05).
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Control pathology group

The first NE in the control pathology
group we performed on the 15™ day for con-
firmation of ERS after sponge removal. All
animals had significant swelling of the maxil-
lary sinus ostium that was narrowed and
blocked (Fig. 3).

The second NE we performed on the
25th day to determine the extent of ERS pro-
gression or regression. Most of the animals
(67%) had significant swelling of the maxillary
sinus ostium that was narrowed and did not

function appropriately, in two rabbits (33%),
the swelling was insignificant and the maxil-
lary hiatus functioned partially.

According to the results of the semi-
quantitative assessment, the total scores was
2.0 (2.0 = 2.0) on the 15™ day and 2.0 (1.0 +
2.0) on 25" day. Which is significantly greater
than in the intact control group (p<0.05 vs.
intact control group) and could be defined as a
severe RS, however with a minimum regres-
sion of endoscopic sings on 25" day (Table 2
and 3).

Figure 2 Nasal endoscopy of the intact control group
on the 15™ day of the study (the right half of the nasal
cavity, experimental rhinosinusitis)

Figure 3 Nasal endoscopy of the control pathology
group on the 15th day of the study (the right half of
the nasal cavity, experimental rhinosinusitis).

Figure 4A

Figure 4B

Figure 4 Nasal endoscopy of EI treated group on the 25th day of the study (the right half of the nasal cavity, expe-

rimental rhinosinusitis):

A — insignificant swelling of maxillary sinus ostium, the maxillary sinus ostium functions partially;
B — there is no swelling of the maxillary sinus ostium, the maxillary sinus ostium is functioning.
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Figure 5 The nasal endoscopy of BNO-101 treated
group on the 25th day of the study (the right half of
the nasal cavity, experimental rhinosinusitis).

EI treated group

On the 15th day by NE results of EI
treated group, we identified significant signs of
RS manifestation before the treatment has been
started — the significant swelling of the maxil-
lary sinus ostium in four rabbits (67%) and the
maxillary sinus ostium was narrowed and did
not function. Other animals (33%) had insigni-
ficant swelling of the maxillary sinus ostium
and the maxillary sinus ostium function was
partially preserved.

On the 25th day by the second NE results
of this group after EI 10 mg/mL (nasal spray)
administration during for 10 days, we identi-
fied signs of RS regression. Two rabbits (33%)
had insignificant swelling of the maxillary si-
nus ostium preserving its partial function while
four rabbits (67%) did not have swelling and
demonstrated the normal function of the maxil-
lary sinus ostium (Fig. 4). These findings gen-
erally confirm the regression of ERS caused by
EI effect.

The total scores on the 15" day con-
cluded 2.0 (1.0 = 2.0) which is significantly
greater than in the group of intact animals
(p<0.05 vs. intact control group) and thus could
be referred to severe RS (Table 2 and 3). In
contrast, on the 25" day, the total scores was
0.0 (0.0 = 1.0) (p<0.05 vs. intact control group,
control pathology group and BNO-101 treated
group), which corresponds to physiological
state (Table 2 and 3) and proves the test drug
effectiveness.
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BNO-101 treated group

NE on the 15th day revealed a situation
similar to the previous group.NE on the 25th
day revealed that all animals had insignificant
swelling of the maxillary sinus ostium, which
functioned partially (Fig. 5). These findings
generally confirm the regression of ERS
caused by BNO-101 effect.

The total scores on the 15" day was 2.0
(1.0 = 2.0), which refers to the control patholo-
gy group (p<0.05 vs. intact control group) and
confirms the manifestation of severe ERS (Ta-
ble 2 and 3). The total scores has significantly
lowered and was 1.0 (1.0 + 1.0), which refers to
mild ERS (Table 2 and 3) and proves the refer-
ence drug effectiveness.

It is useful to note that according to the
criterion, which was used, BNO-101 had sig-
nificantly lower activity compared to EI (nasal
spray) (p<0.05 vs. BNO-101 treated group).
These data present the evidence in favors of the
test object and demonstrate its advantage com-
pared to the well-known drug for RS treatment.
It can be explained by the difference between
their primary pharmacodynamic effects. BNO-
101 has significant secretolytic activityl5 in
contrast to EI, which mostly shows the anti-
inflammatory effect.

Conclusions

Nasal endoscopy has prospects in rhino-
logical preclinical studies and can be used as
an informative method for induced pathology
visualization as well as for the endoscopic
evaluation of the treatment effectiveness. Eni-
samium lodide (nasal spray) 10 mg/mL, which
was using 10 days intranasally, showed a posi-
tive effect on ERS regression by endoscopic
results. Enisamium lodide outweighed activity
of the reference drug BNO-101 (tablets) by the
state of the maxillary sinus ostium (more pro-
nounced anti-exudative effect). Anti-exudative
effect of Enisamium lodide (nasal spray) at
intranasal administration has been developed
faster than secretolytic effect of BNO-101 at
oral administration according to nasal endos-
copy. Enisamium lodide (nasal spray) is a
perspective object for further pre-clinical stu-
dies and clinical trials aiming to substantiate of
its use for the ARS treatment and prevention of
its complication as well as its implementation
to the clinical practice.
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Abstract

Acute rhinosinusitis treatment and prevention is connected to the rational choice of drug dosage form,
which will provide the therapeutic effect and the safety of a drug substance or a drug substance complex. Nasal
spray with Enisamium lodide can be used to nasal congestion relief in acute rhinosinusitis because the active sub-
stance has an anti-exudative action. Nasal endoscopy could be used in experimental rhinology as a method for
direct pathology visualization and for evaluation of the effectiveness of test drugs.

Aim: To substantiate Enisamium lodide (nasal spray) 10 mg/mL effectiveness on maxillary sinus ostium
via nasal endoscopy in rabbits with experimental rhinosinusitis.

Methods: As a test object was used Enisamium lodide (nasal spray). As a reference drug, we used BNO-
101. Experimental rhinosinusitis was induced in the 1%day. On the 1%, 15™ and 25" days in all groups (four
groups, six rabbits in each group), we used nasal endoscopy and semi-quantitative assessment to the result objec-
tivity.

Results: The total score in the intact control group was 0 (0+0) on the 15™ and 25" days (physiological
state). The total score in the control pathology group was 2.0 (2.0+2.0) and 2.0 (1.0+2.0) (severe rhinosinusitis)
respectively. The total score in Enisamium lodide treated group was 2.0 (1.0+2.0) (severe rhinosinusitis) and 0.0
(0.0+1.0) (physiological state). The total score in BNO-101 treated group was 2.0 (1.0+2.0) (severe rhinosinusitis)
and 1.0 (1.0+1.0) (mild rhinosinusitis).

Conclusions: Nasal endoscopy can be used as an informative visual method. Enisamium Iodide (nasal
spray) has been shown a positive effect by endoscopic evaluation of maxillary sinus ostium and exceeded activity
of the reference drug.

Keywords: experimental rhinosinusitis, maxillary sinus ostium, nasal endoscopy, Enisamium lodide (nasal
spray), effectiveness.
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NEPCHEKTUBHU HA3AJIBHOI EHIOCKOIIIi B EKCHMEPI/IMEHTAJILHIFI PUHOJIOTI'Ii:
JNESIKI ACIIEKTH E@EKTUBHOCTI EHICAMIYMA MOJINJIA HA3AJIBHOI'O CITPESI
NP PUHOCHUHYCUTI
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Anomauyisn

JlikyBaHHs 1 MpodilaKTHKa FOCTPOI0 PUHOCUHYCHUTY IOB'SI3aHO 3 PallioHAJIbHUM BHOOPOM JiKapchkoi ¢o-
pMH, sKa 3a0e3NeunTh TeparneBTHUYHUI eeKT i 0e3neKy BHKOPUCTaHHS JIKapChKoi PEYOBHHU ab0 KOMILIEKCY
nikapcekoro pedosunn. Enicamiym Moaun (Hazansauit cripeif) Moske BUKOPHCTOBYBATHCS T 3MEHIICHHS 3aKIIa-
JICHOCTI HOCa IIPU TOCTPOMY PHHOCHHYCHTI, TOMY IIIO Jif0Ya PeYOBHHA BOJOIi€ aHTHEKCYIaTUBHY Iif0o. HazampHa
€HJIOCKOIIiSl MOXke OyTH BUKOPHCTaHA B €KCIIEPUMEHTAIBbHIA PHHOIIOTHH K METOJ IPSAMOi Bizyaizarii maToiorii
Ta JUTS OIIHKY e()eKTUBHOCTI JIIKYBaHHS AOCIIIPKYBAaHIMH TIpETapaTaMu.

Mema: O6rpynrysatu edextuBHicts Enicamiyma Moauny (Hasanbuit cipeit) 10 MI/Mil 1O BiZHOIICHHIO
IO TUHAMIKH CTaHy CIIBYCTS BEPXHBOIIEIEITHOI Ma3yXH HOCA 3a JOIOMOTOI0 Ha3albHOI €HIOCKOIIl y KpOJIiB 3
€KCTIEPUMEHTAIbHUM PHHOCHHYCHTOM.

Memoou: Sk o6'ext nociimxenns 6y BukopucTauuii Emicamiym Momun (saszampmmii cripeit). Y sxocTi
pedepenTHoro npenapaty BukopuctoByBaiu bBHO-101. ExcriepuMeHTanbHIi pUHOCUHYCUT OYB 1HIYKOBaHUH Ha
1-y no0y. Ha 1-y, 15-y i 25-y 100y y Bcix rpynax (4 rpymnu, no 6 TBapuH B KOXHiil rpyIii) 3acTOCOBYBajach Ha3a-
JIbHA €H/IOCKOIIIS 1 HAMBKLIbKICHA OLIIHKA JJIs1 00'€KTHBI3aLI] pe3ybTaTiB.

Pes3yavmamu: 3aranbHa KiTbKicTh OaJIiB B TPy iHTAKTHOTO KOHTpoJto ckiana 0 (0+0) na 15-y i 25-y no-
Oy (¢iziomoriunnii cTaH). 3aragbHa KUIBKICTH OalliB B TPYyIi KOHTPOJBHOI marosorii ckmama 2,0 (2,0+2,0) i 2,0
(1,0+2,0) (Tsoxxwmii mepedir pUHOCHHYCHTY), BiIIOBITHO. 3arajibHa KUTBKICTh OalliB B rpyIi, mo oxepxyBaia Exi-
camiym Mommn, ckmama 2,0 (1,0+2,0) (Tsvkkuii nepe6ir punocuaycuty) i 0,0 (0,0+1,0) (disionoriunmii cramn).
3aranmpHa KiJIbKICTh OaniB B rpymi, mo onepxyBaia BNO-101, ckmana 2,0 (1,0+2,0) (Tsoxkuit epedir puHOCHHY-
cury) i 1,0 (1,0+1,0) (;erkuit mepedir pHHOCHHYCHUTY).

Bucnoexu: HazampHa €HIOCKOIIISI MOXe OyTH BUKOPHCTaHA B SKOCTI iHQOPMATHBHOTO Bi3yallbHOT'O METO-
ny. Enicamiym Monun (sasanpruii cripeif) oka3as NO3UTHBHMI e(eKT HA 3MiHY CTaHY CIIBYCTsS BEPXHBOLIEICTI-
HOI Ma3yxu, II0 MiATBEPHKEHO pe3yiIbTaTaMH Ha3albHOI €HIOCKOIMIi, i MEepeBHUINB aKTUBHICTh pedepeHTHOrO
npernapary.

Kniouosi cnoea: excriepuMeHTaIbHUI PUHOCHHYCHT, CIIIBYCTSI BEPXHbBOILEJIEITHOT a3yXH, Ha3albHa SH/I0-
ckoisi, Enicamiym Moaun (Ha3anbruii crpeit), eheKTHBHICTb
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