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ABSTRACT

Application of surfactant therapy in patients with bronchiectasis induces normalization of phospholipids
concentration in the condensate of inspiratory air, normalization of cytological changes in sputumand improvement
of physical properties of sputum. This research supports efficiency of inhalation route of administration of
surfactant preparationsin respiratory distress syndrome, pulmonary tuberculosis.
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INTRODUCTION

In recent years, there is a growing number of p&ievith bronchiectatic disease (BED) [1, 6]. Broiectasises
among others pulmonary diseases among adults feorgel 0% to 20% [2].

In last years, there is a growing number of arsiclevoted to the studying of surfactant at thdaimfmatory lung
diseases [3, 9, 13, 15, 18].

Study data have been shown that state of surfasyatém of the lungs at chronic inflammation diakes structural
organization of the lungs and causes dislocatiorsuifactant system, intensity of which dependshendamage
level of alveolar parenchyma. Abnormalities in pahary surfactant system at chronic inflammationcaased by
the duration of causative agent’s persistence faaid also by the adverse effect of long and itenantibacterial
therapy regimens [4, 5, 11].

Peculiarities of studying an intracellular surfadttaecretion in chronic inflammation and long-ceuasitibacterial
therapy are of practical importance in terms ofectability [4, 7].

Surfactant preparations began to be applied ints@ment and phrophylaxis of respiratory distregsdrome
(RDS) since 80-thy years of last century after imlitg of exogenic surfactant. In the works of fgreiauthors it
was found that in RDS expressed disorders of sewdative properties of surfactant occur [14, 14, $6on after it
was shown that main component of surfactant isldhipaylphosphatidylcholine (DPPFCH) and researcfiem
different countries became undertake attemptseacsugactant for treatment and prophylaxis of RD& L3, 17 ].
Researchers observed changes in respiratory maohahiring the studies of mechanism of action ofgexously
administered surfactant. Spontaneous breathingnimas with surfactant deficiency is accompanied thg
increasing of expiratory volume, lungs instabiliby the time of expiration completion and almostl ful
defervescence. In contrary, after administratioawfactant lungs of premature animals keep eneagiime by the
moment of expiration. Epithelial damage in lungghwsurfactant deficiency is a result of repeatimgcéd
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inspiration and collapse of respiratory segmefiexfin water. Hyaline membranes appear as a refathagulation
of fragments of epithelial cells and proteins, peating the alveolar lumen through the damagedcsiras of aero-
hematic barrier. All these changes occurring atghentaneous or artificial breathing of prematunanals with
surfactant deficiency can be prevented by earlygmgve administration of surfactant prior to véation. It is
stated that histological changes in lungs of preneatnimals are not observed practically afterainéicheal
instillation. So, surfactant not only improve a@ratbut reduces damages of bronchial and alvegahedium at
early stages of development of RDS. Positive eff#fcexogenously administered surfactant were obthim
experiments on animals as a decreasing of diffusigaiasma proteins into the alveolar lumen [313,13, 15].
Surfactant preparations have a broad applicatidheatransfusion related acute lung injury (TRARHd its most
severe form — respiratory distress syndrome (AR&F®dults and premature infants (PIRDS) — whichrie of the
most common reasons of mortality at critical stgi@s 16, 17].

Abnormalities in surfactant system in patients witfonchiectatic disease are connected with stajoghenf
causative agent in tracheobronchial tree and niggassperform long-course therapy with antibiotizse given in
the works of single researchers [2, 6, 12]. It feamd that chronic inflammation is accompanied iy incidence of
dystelectasis and atelectasis reason of which arphofunctional changes in surfactant system akagethanges
in ventilation and microcirculation [2, 3, 11]. Tteawhy early recognition of surfactant-dependemanges of
alveolar parenchyma has a great importance for pinephylaxis and correction [4].

Action of surfactant preparations and their subsg# is focused on the restoration of gas exchamgion of lungs
and prevention of development of respiratory déstreaused by surfactant deficiency [16].

Another action of surfactant is activating influenen pulmonary macrophage for which it is a natpramoter of
phagocytic activity through the receptor apparafusacrophage [4, 7, 18]. All of the aforesaid nmkevelopment
of complex therapy in patients with bronchiectaligease is actual.

Prospective approach to the treatment of recurseerfeBED is inhalation antibiotic therapy which isost
physiological routes of administration of medicines human body. Advantage of such therapy consists
preparation of medicinal products with high concatibns directly within the lesion, in increasinfaative surface
of medicinal product, in drug deposition in subnmescaf bronchial wall. Besides, bypassing liver, itied!
products act more effectively at the respiratoagtiand lung diseases. Negligible systemic tofteceof medicinal
product is observed. Local antibiotic therapy cepands to the modern recommendations concerninlgitiolm of
antibiotic resistance within population becausdesy& exposure is absent in result of purposefugdfelivery to
the lesion and there is less risk of selectioresfstant strains of normal flora [8].

This research provides use of inhalation methoddwhinistration of surfactant preparations at redpiy distress
syndrome, pulmonary tuberculosis. We did not fipglecations of these specified techniques in patievith BED
in available literature sources.

MATERIALSAND METHODS

This research is based on the studyingheflth outcome data of 61 patients with bronchieciisease in the
exacerbation phase. These patients have underggatenent in «V.T. Zaytsev Institute of General &mdergency
Surgery of NAMS of Ukraine» over the 2009 to 20&8ipd. Main group consisted in 34 patients with BEDntrol
group consisted in 27 patients.

Complex of clinical-laboratory examinations wasfpened on all patients with BED admitted to hospiGeneral
state of patients was estimated by taking int@actintended manipulations and volume of medicatio

Plan radiography (in two projectionsj thoracic organs was done obligatorily within aydf entry the hospital.
Preliminary estimation of character pathologiesjrttocalization and state of lung parenchyma waslerbased on
the results of plan radiography.

Computed tomography (CT) of thoracic organs wasopub clarify patients’ diagnosis.
Bronchoscopic examination was also performed. Stétéracheobronchial tree was estimated. Sanitatiod
withdrawal of its content was done to perform bactegic and cytologic examination and to studygraeters of

sputum.

Intensive complex of traditional anti-inflammatoand pathogenic treatment was performed in arrivaihga
diagnosis and its cause factor.
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Additional using of surfactant therapy according ghioposed therapy was a difference in treatmepatiénts from
main group.

Results of investigations in 17 healthy voluntesirshe age of 18 — 25 years, for whom respiratisgrders were
not observed, were used in this work for the puepafscomparison.

Concentration of general phospholipids in the cosdée of expiratory air was determined for evatratf state of
the pulmonary surfactant system. Condensate ofapy air was collected according to G.l. Sido@téchnique
(1980, 1981). Patient was proposed to breatheipirta the condensate collection system. This cewias like a
spiral glass tube of a diameter up to 20 mm, imetkis a vessel with ice where was a temperature @ido -4°C.
Moisture settled on the walls of tube flowed dowue bottom of receiving flask. This procedure wasalm the
morning after three-four-fold warm mouthwash.

Phospholipids of condensate of expiratory air vextteacted according to Blur method. Extract waseratized and
inorganic phosphorous content was determined iduegA.A. Pokrovskiy, 1969). Calculation of concentratiafs
general phospholipids (GPL, mmol/l) was done usialipration curve plotted with standard solutionpotassium
phosphate.

Cell count in bronchoalveolar liquid was performBesulting liquid was centrifugated, smears wespared from
the residue and stained with haematoxylin and emsiRomanowsky procedure. Cell composition wasrdetesd.
Ratio of alveolar macrophages, neutrophils, eosiitopand lymphocytes was expressed in per centgeor
macrophages are of 87-93%, lymphocytes are of 3% and eosinophils are of less than 1% in cell cusitipn of
bronchoalveolar lavage. Neutrophils in endopulmgriattogram of health person also don't occur (notarthan
1.5%).

Functional test to measure rate of nasal mucogiliégarance was done acccording to the Kozlov @dcedure
(2005). Physical properties of sputum were investid: adhesiveness — based on degree of adhessputoin to
glass (Plisko L.F., 1972), elasticity — based alidystrength, viscosity — based on flow time oty

Statistical processing of the research results cgased out using personal compui-AT IBM 586 involving
method of variation statistics, correlation anaysilodifications of software package Statistica S8- grf, Biostat
were applied.

RESULTSAND DISCUSSION

Surfactant preparations are known to be usedimicdor the treatment of infant respiratory distsesyndrome, at
acute lung injury in adults and also at pulmonatyetculosis.

Based on the data about the state of surfactaterayig patients with bronchiectatic disease, as agthe known
properties of the surfactant preparations we statte study of their influence as a pathogenetienagn
conservative treatment of bronchiectatic disease.

At the present time in Ukraine preparation of exames surfactant Infasurf was registered, markedimporisation
number UA/9667/01/01 is valid from July 3, 2014 tiluly 3, 2019. Preparation is available in 3-miLl6emL vials.
1 mL of suspension contains 35 mg of phospholigidsluding 26 mg phosphatidylcholine of which 16 risg
disaturated phosphatidylcholine) and 0.65 mg pnsténcluding 0.26 mg of surfactant-associated [met¢SP-B
and SP-C).

Intratracheal instillation is known for medicinalopluct Infasurf which is applied at respiratorytaiss syndrome
(RDS) in premature infants. It is based on theomhtiction of the imulsion through the endotrachesddet at
ventilation. However, taking into account the dimatof exacerbations of bronchiectatic disease avesidered use
of these options as unacceptable.

Duration, fequency and cycling is necessary fohpgénetic therapy of patients with bronchiectatisedse,
especially with drug resistance of microflora.

That's why we used method of administration of $nfé which allows to perform abovementioned therbpyon-
invasive procedure. It involves inhalation routeadministration and selection of adequate singtetatal dose.

Known data about the mechanisms of physiological #merapeutic action of aerosol were background to
investigation. Mucous membrane of airway and s@mretovering its surface, promote efficiency offergion of
high desperasible aerosols. Ciliary activity ensuagestion of captured inhaled particles from rasmiy tract. This
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occurs normally. But the protective function thia¢ tiliated epithelium provide for respiratory trés lost at time
consuming inflammatory process which is observeghitients with BED. Velocity of twinkling movemenbt only
decelerates but mucoviscosity needed for adequaie flinction is broken [2, 5, 6]. These changesthe greater
the closer to lesion. Therefore, inhaled prepamatibexogenous surfactant can absorb on the maleceteptors of
airway cells. In other words, normalization of maitiary clearance and increasing in phagocytic \égti of
pulmonary mononuclear cells are expected at adeqgselection of particle size of artificially-adnstered
surfactant.

Based on the theoretical justification mentionedvab we worked out inhalation route of administratioh o
exogenous surfactant preparations. Nebulizers enptil generate particles with the size of 0.5 mré were used

[8].

Selection of single and total course dose of pagmar was quite difficult. Usage of high doses affactant
replacement therapy in medical emergencies (dstsgadrome), when dose of 105 mg of preparationt¢up

doses) was instilled through a side port adaptertime proximal end of the endotracheal tube aglksting course
of disease, is unreasonable.

Phatogenetic therapy requires not only has “sultistt effect” and “normalize” quantitatively compemts of
surfactant system but, first of all, activate ah@nge qgialitatively its functional properties. Thavhy we decided
in favour of “small” oft-repeated doses of Infasubietermination of duration and doses of medicpralduct was
based on the studying of general phospholipids tifyan the condensate of expiratory air.

At the first stage we studied changing in concdiatnaof general phospholipids in the condensatexgiratory air
in patients with bronchiectatic disease dependimghe beginning of exacerbation of disease in Zeps and in
17 volunteers who didn't suffer from bronchopulmyrsystem diseases (table 1).

Table 1. Concentration of general phospholipidsin the condensate of expiratory air depending on the beginning of BED exacer bation

Time periods of exacerbation

Concentration Healthy 1 5 davs 10 15 20 25 30
of general volunteers day Y days days days days days
ph‘ﬁ&hocl’}:p'ds 0.0170.002| 0.012+0.001 0.00910.01)2 0.007+0.002 07%0.002| 0.008+0.002 0.009+0.001 0.010+0.402

Results, given in the table 1, shows that decrgasirtoncentrations of general phospholipids indbadensate of
expiratory air in patients with BED is observednfrthe first days of exacerbation and it diminishpdo 20 days of
exacerbation when slight increase is noted. Thelttewards the increasing in general phospholipideEentration
in the condensate of expiratory air in patienthwviitonchiectatic disease is observed up to 30 dbglsease but it
does not reach values recorded in healthy volusteer

As can be seen from the above, it makes senserfrpeinhalation surfactant therapy up to 20 dasisrpto the
beginning of exacerbation.

Changing in general phospholipids concentrationthie condensate of expiratory air in 40 patientshwit
bronchiectatic disease was studied depending the dod dose timing of medicinal product after iatiah in order
to determine dosage and frequency of administratitatients were underwent single nebulizer infaiabf
preparation following which dynamics of general gbloolipids concentration in the condensate of expiy air
was studied. Results are given in the table 2.

Studying of general phospholipids concentrationthe condensate of expiratory air started in 6 hafter
inhalation that is exposure time of dose at tkattnent of respiratory distress syndrome. Furtbsearches were
carried out on 1, 2 and 3 days after inhalation.

Increasing in concentration of general phosphadipid the condensate of expiratory air was obselivedll
examinations in 6 hours after inhalation. Minimatrieasing was noted at the inhalation of 0.75 minfafsurf.
Concentrations of general phospholipids in the eosdte of expiratory air at the dose of 3 mL, 2 thlmL in 6
hours and within first days after inhalation diddiffer. Decreasing in concentration of general ggffwlipids was
on the second day, that confirms data of pharmaéamdbcharacteristics of preparation.

Downward trend of concentration of general phosipids in the condensate of expiratory air is obsdrafter
inhalation of 0.75 mL of Infasurf that is explainied insufficient quantity of preparation at discedglisease.
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Table 2. Concentration of general phospholipidsin the condensate of expiratory air in patientswith BED in the cour se of inhalation
treatment

In 6 hours In Healthy

Dose Original dat3 after inhalation In 1 day 2 days In 3 days volunteers*

Infasurf
105 mg/3 mL| 0.010+0.001 0.014+0.001 0.014+0.002 0.012+0.001 113:0.001| 0.017+0.00%
(n=8)
Infasurf
70 mg/2 mL | 0.010+0.001 0.014+0.001 0.01440.001 0.012+0.001 113:0.001| 0.017+0.002
(n=8)
Infasurf
35 mg/1l mL
(n=8)

0.010+0.001 0.014+0.001 0.014+0.001  0.012+0.001 1@k0.001| 0.017+0.003

Infasurf
26.25 mg/
0.75 mL
(n=8)

* - data about concentration of general phospholipidsin condensate of expiratory air in healthy volunteers are given to compare dynamics

0.010£0.001 0.013+0.001 0.012+0.001 0.0lliO.TOl 1@:0.001| 0.017+0.002

One dose delivery did not increase concentratiogeoieral phocpholipids in condensate of expiratiryp to the
parameters determined in healthy people in all mas®ns. Specified changes prove necessity of -teng
replacement therapy.

Minimal dose of Infasurf with therapeutic effectsv@ mg/1 mL, administered once daily. Taking istoount that
concentration of general phocpholipids in condenséexpiratory air didn't change for 1 day aftgndlation, that's
why we recommend to perform inhalation of Infasarpatients with BED in the dose of 35 mg/1 mL odedy.
Therefore we recommend to perform inhalation tresiihusing nebulizer with Infasurf in the dose ofr8§/1 mL
once daily in patients with BED in one day duriimgtf20 days from the start of acute exacerbatiafisease.
Conservative therapy in patients of main group added by the carrying out of inhalations with Inidsn the
dose of 35 mg/1 mL once daily using nebulizer ie day during first 20 days from the start of aenacerbation
of disease. Concentration of general phocpholipidsondensate of expiratory air in patients witlorihiectatic
disease of both groups after conservative thempgpresented in table 3.

Table 3. Time cour se of general phocpholipidsin condensate of expiratory air in patientswith BED depending on the method of
conser vative treatment

Index

Groups Concentration of general phospholipids
mmol/|

Healthy \_/olunteers* 0.017+0.002
(n=17)
Main group
(n=34) 0.016+0.001
Control group
(n=27) 0.012+0.002

* - data on healthy volunteers are given for comparison of dynamics

In consideration of results, represented in tahlev8 note that concentration of general phosphddipin
condensate of expiratory air in patients of maiougr was near the indexes observed in healthy petiphas
significantly lower than normal values in patieritem comparison group, that points out the remangas
exchange abnormalities.

A number of neutrophils in endopulmonary cytogrammcreases to 64-68%, while the number of alveolar
macrophages reduces to 12 -15% at evident irnitatioich is observed in the system bronhus-lungsairents with
bronchiectatic disease.

Trend data of endopulmonary cytogram in patienth Wronchiectatic disease is represented in table 4

Table4. Trend data of endopulmonary cytogram in patientswith bronchiectatic disease under pressure of conser vative ther apy

Groups of patients Alveolar macrophages Neutrophils Lymphocytes
p p prior to treatment | after treatment| prior to treatment| after treatment| prior to treatment| after treatment|
Main group (n=34) 12 £1.2 78+3.2 68 +3.4 14+1.2 18+ 2.6 14 +£1.1
Co'g;fg'zg;°up 1513 42+:2.8 64 3.1 22+2.1 21+ 18 17+4
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Reduced number of alveolar macrophages (AM) remainthanged in the course of performed treatmehith
groups. But in the study group content of alveof@crophages increases by factor of 6.5 while irtrobgroup it
increases by factor of 2.8. In addition, numbeAbf achieves nomal values in main group.

Decreasing of level of neutrophils in bronchoaleedhvage occurs in the course of treatment tostudy group -
by factor of 4.8 and in control group — by a faoctér2.9. This index is by 1.6 times better in patiefrom main
group than in traditional treatment.

Lymphocyte level increases in both groups in tharse of treatment but it does not achieve valuesasmal
cytogram.

So, rising of index of neutrophils and decreasmguantity of alveolar macrophages is typical dtirpatients with
BED in the exacerbation phase. Level of neutropfgitiuces in bronchial secretion but it does notesehnormal
values. More evident positive dynamics was obsemvguhtients of main group.

As cytologic examination in patients of control gposhown, general quantity of macrophages of broaleleolar
lavage remains reliably high (0.812+ 0.024, inspife0.650 + 0.01% 10° normally) in the course of performed
therapy. Although there is a downward trend in carigon with the beginning of an exacerbation of BEi2 data
is presented in table 5.

To the end of therapy viability of AM in patient§ @ontrol group is 73.07 + 0.936%, while in healthglunteers
of main gorup it is 91.88 + 0.655. Relative peregya of these cellular elements in cytogram risgsicantly
but it is still reliably less than control values.

Table5. Cytologic characteristic of alveolar macrophages of bronchoalveolar lavagein patientswith BED in the cour se of conservative

therapy
’ A number of AM in 1 mL of | Viability of Relative amount of
Groups of patients bronchoalveolar lavage 10° AM (%) biosynthesizing AM (%)

'(*nej‘l't;;y volunteers 0.65£0.012 95.88+0.434 13.6240.71
The beginning of an exacerbatign

(prior to treatment) 0.898+0.039 42.82+0.23 41.52+0.91
(n=34)

Main group (n=34) 0.725+0.034 91.88+0.6%5 16.6140.2
goznzt;‘)" group 0.81210.024 73.0740.936 29.72+0.83

* - data on healthy volunteers are given to compare dynamics, p <0.001

Investigation of physical properties of sputum iatipnts of main and control group after course of
conservative therapy is represented in table 6.

After the study of the measurement results of thgsal properties of sputum, we note a more ewiden
positive dynamics in patients of main group.

Table 6. Physical propertiesof sputum in patientswith BED depending on method of conser vative tr eatment

Groups Viscosity| Elasticity | Adhesion
mn?/s | dine/cnt H/m?
Healthy volunteers*| 9.3+1.6 16.3+2.3 0.5+0.1

(n=17)
Main group 10.8+0.9 | 15.9+1.6 0.7+0.1
(n=34)
Control group 15.7+1.4 | 14.8%+1.6 0.8+0.1
(n=27)

* - data on healthy volunteers are given to compare dynamics

Consequently, application of proposed proceduresréatment of patients in main group showed tleeident
positive influence on the dynamics of healing ofastic recurrent irritation. Application of proposedmplex
approach allowed to shorten area of irritation gigantly, decrease or even eliminate its actiatyevidenced
by low level in bronchoalveolar lavage of “youngiobynthesizing macrophages, normalization of patiefr
these cells subpopulations. Normalization of ptalgicoperties of sputum was observed.
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CONCLUSION

After the study of nature of changes in concentratdf phospholipids in the condensate of expira@iryin
patients of main group; cytologic changes of sputurd characteristics of alveolar macrophages weecam
conclusion that proposed procedure of conservatieeapy of BED prevails over the traditional theraphis
makes it possible to recommend introduction of actdnt therapy in the complex treatment of BED.
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