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HOBbIE BUOMEAWULIMHCKWUE TEXHOJIOMMK

OAPMAKO/IOTMYECKWME CBOUCTBA U TEPANEBTUYECKAA
AKTUBHOCTb OTEYECTBEHHbIX MPEMAPATOB

JIEFOYHOTO CYP®AKTAHTA

0O.A.Po3enodepr, JI.H./Ianunos*, B.A.Botukos, E.C.J/IebeneBa*,
B.®.Jlyoposckas, A.A.Baabkosnu, O.B.Knecrosa, 10.A. Kupuiios,
A.A.Ceiimaes, A.A.Illanmksn, JI.B.JIomakosa, A.D.Illyabra, A.I'.XKyiikos

Omden meduyunckoli 6uomexrosoeuu (3ae. — npog. 0.A.Pozenbepe) Llenmpanvnoeo Ha-
YHUHO-UCCAe008aMeNbCK020 PeHmeeHopaduosoeuyeckozo uncmumyma Munszdpaséa Poccuu;
*Jlabopamopus sKcnepumenmanvHoll namoaoeuu (3ae. — dokm. med. Hayk JI.H./lanu-
n08) Tocydapcmeennoeo nayuynoeo yenmpa nyavmononroeuu Muuzdpasa Poccuu, Cankm-
Ilemepbype

[TpoBeneHO NOKIMHUYECKOE U3YYEHUE TPEX MPENapaToB JErOYHOTO cypdakTaHTa: U3 aM-
HUOTUYECKOUN XMIKOCTU 4YeJoBeKa, OPOHXOAIbBEOISIPHOTO JlaBaxka M roMoreHatra TKaHU
JIETKOTO KpYIMHOTO poratoro ckota. IIpenapaTel HETOKCUYHbBI, He 00J1aJal0T MyTareHHOC-
ThIO, TEPATOTEHHOCTHIO U aJUIEPTUUYECKUMU CBOMCTBAMU, HE U3MEHSIIOT MOP(OJOTUN BHYT-
PEHHUX OpPraHOB MPU MHOTOKpaTHOM BBedeHUU. [Ipu ogHOKpaTHOM HMHTpaTpaxeabHOM
BBeJAeHUM mpenapaThl B TeueHue 15-30 MUH HOPMaM3YIOT OKCUTEHALIMIO apTepuaibHOMI
KPOBU U KYIMUPYIOT PEHTTEHOJOTMYECKU U KIMHUYECKU MOJEIbHBI CUMHAPOM JbIXaTelb-
HBIX PacCTPOMCTB y CODaK.

KnwueBbie ciioBa: cunHdpom dvixamenbHbix paccmpolicme, cypgpakmanm, gapmaxosocuteckue

ceoiicm ea, mepanesemu4ecKasd aKkmueHocms

CunapoM abixaTeabHbIx pacctpoiicTB (CAP) — opHa
13 BaXXHEUIINX MPUYUH CMEPTHOCTH HOBOPOXKIECHHBIX
u B3pocibix [3,5]. B Poccuu exerogHo poxaaercs
okosio 30 000 meteii ¢ CAP, B CIIIA y B3poCabIX peru-
crpupyetcs 150 000 ciyvaeB B roa. Ilpu CAP ymupaer
15-30% noBopoxaenusix u 50-70% B3pocnsix [3,5,7].
IMTpuuunoit pazsutusi CIP y HemoHOILIEHHBIX HOBO-
POXIEHHBIX SIBISIETCSI HE3PEJOCTh aJbBEOJOLIMTOB 2-
ro TUIIA Y CBS3aHHBIA C 3TUM MNEPBUYHBINA NeDULIUT
nerouHoro cypgaxranta (CT) [2]. IIpu COP B3poc-
nbix gedunut CT BropuyeH M BO3HMKAET BCJEICTBUE
CTPYKTYPHBIX U (DYHKIMOHAJIBHBIX HApYIIEHUI aspo-
rematudyeckoro 6apnepa. Haubomee yacro CJIP B3poc-
JIBIX pa3BUBAeTCA IIOCIE MHOXECTBEHHOM TpaBMBI,
cercuca, IOKOBOro JIErKOro, Jy4eBOro IMopaxkeHus U
1.0. [4,7]. B TedyeHue mocjieIHEro NecSITWIETUST TpH-
MEHEHHWE MPUPOTHBIX M CHHTETUYECKUX ITperiapaTtoB
CT Hapsiiy ¢ COBEepPIIEHCTBYIOIIMMUCS peaHUMAallMOH-

HBbIMU TEXHOJIOTUSIMU MPUBEIN K 3HAYUTETbHOMY CHU-
KEHMIO CMEpPTHOCTU HoBopoxaeHHbIX ¢ CIP [4], u
MOSIBUJIUCH pabOThl O MEPCIEKTUBHOCTU MpUMEHE-
Hus npenapatoB CT npu CIAP B3pocnsix [9,11].

B Hacrosiee BpeMsl 3a pyOoexXoM IIMPOKO IIpH-
MEHSIIOTCSI TIPUPOAHbIE U CUHTETUUYECKHWE Iperapa-
Tl JerouHoro CT (cypBanta, CIIA; cypdakraHT-
TA, SInonus; kypocypd, Uranus; anbBeodakrt, OPT;
aK3ocypd, Benukoodbpuranus) [8].

Hamu pa3paboTaH TexXHOJOTWYHBIU, Oosiee ne-
ILIEeBBbIA CIMOCOO TMOJyYeHUs] MPUPOAHBIX IpernapaToB
CT u oxapakTepu3oBaHbl UX (DU3UKO-XUMUYECKUE
corictBa. M3yuyeHo tpu mnpemaparta: CT denoseka,
BBIJEISIEMbII U3 aMHMOTUYECKOW >KUIKOCTU PpOXKe-
Hul; CT u3 XMIKOCTM OpOHXOAJbBEOJSPHOro Ja-
Baxa (CT-BAJI) u CT, nmoiyyaemblii BOIHO-COJIEBOA
BKCTpaKlme Meako Hape3daHHoro Jierkoro (CT-B3OJI)
KPYITHOTO POTaToro CKoTa.
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ILlenplo HacTogMIell padOTHlI IBUIOCH U3yYeHUE
dapMaKoJIOTUYECKNX U TepaleBTUYECKUX CBOMCTB
paspaboTtaHHbIX npemnapatoB CT.

METOAUKA UCCJIEAOBAHUSA

OcCTpyl0 TOKCUYHOCTh OLIEHMBAJIMU TPU OJTHOKPATHOM
BHYTPUMBEHHOM WJIM MHTpanepuTOHeaJbHOM BBeje-
HUM TIperapaToB MbIIIaM M TIpM MHTpaTpaxeayib-
HOM — KpbIcaM. XPOHHMYECKYI0 TOKCUIHOCTb M3Yy-
yanau nocjie 10-KpaTHOro exXeaHEeBHOro WHIISILIMOH-
HOTO BBEJCHUS MpernaparoB KpbicaM B A03aX, CyM-
mapHo B 10-50 pa3 mpeBbIIIAIOIIMX TepaleBTUYEC-
kre. MccnemoBan MopdoOIOTHIO JIETKUX W BHYTPEH-
HUX OPraHoOB, AJIJIEPrOreHHOCTb, BIMSHME HAa UMMYH-
HBIIi OTBET, MyTareHHOCTb M T€PAaTOT€HHOCTb, COCTaB
¢opMEeHHBIX 3JIeMeHTOB KpoBu. Cpenu OMoxuMudec-
KMX TIOKa3aTejieil KpoBU 0 U B Tpollecce IKCIepu-
MEHTa WCCIeN0Balu COAepXKaHUEe XOJeCTepuHa, IIio-
KO3bl, MOYE€BUHBI, OMIMPYOUHA, Oejika, aKTUBHOCTD
meI09HoM ocdaTasbl, acTlapariHOBOM M aJJaHUHO-
BOIi TpaHcaMuHa3. B Moue onpeaessiu conepxaHue
caxapa, 6eJika, ypoOMJIMHOMIOB, YIEJIbHBIN Bec U pH.

CuHApPOM [IbIXaTeJIbHBIX PacCTPOMCTB Yy cobak
MoJeaupoBaau nmyrteM 3HeKTHUBHOTO OPOHX0ATbBEO-
JgpHoro JjaBaxa [6]. Mcmonb3oBaau GecrnopOmgHBIX
cobak Mmaccoii 12-15 xr 4-5-1eTHero Bo3pacra. DKc-
MMEPUMEHTHl TIPOBOIVJIM IIOA HApKo30M (pOMMTap,
THOIIEHTaN), W TIOCJIe BBEACHUS MHOpPEIaKCAaHTOB
(TyOapuH, IUTUJIWH) XUBOTHOE TePEBOAMUIN HA UC-
KYCCTBEHHYI0O BEHTWJISIIMIO JIeTKMX. PeHTreHorpa-
¢uio IerkKux nNpoBoAUIN BO BpeMs (asnl Booxa. Ye-
pe3 40 muH nociyie BBeneHus npemnapatoB CT cobak
MePEeBOAUIU Ha CAMOCTOSITEIbHOE JbIXaHUE.

IIpu BrIOOpPEe mapaMeTpoOB MCKYCCTBEHHOI BEH-
Tuagnuy Ha annapate PO-2 mogbupany ageKBaTHEIE
00beM, 4YacTOTy AbIXaHUs, a CpelHee OaBJIeHUE Ha
BIOXE ycTaHaBJIuBaau Ha ypoBHe 20 ¢cM Box. cT. JIbI-
XaHWE TPY BEHTWISILIUKM OCYIIECTBIISIIOCH BO3IYXOM.
ConmepxxaHue Ta30B B apTepUalbHOM KPOBU HCCIIE-
JloBaJM Ha raszoBoM aHaiuzaTope AVL-995 (“Bio-
medical Instruments”).

JInodunusuposanusie npemnapatbl CT sMynbru-
poBasn uszmonorndeckum pactsopoM (0.9% NaCl)
B oobeme 10-15 M mepen MCITOJL30BAHUEM U BBO-
IWJIM OMHOKPAaTHO MHTpaTpaxeajbHO uyepe3 MHTyOa-
IIMOHHYIO TPYOKY IIOI PEHTTEeHOJOTMYECKUM KOHT-
poJieM B JIeBO€ U MpaBoe JieTKoe.

s BbIICHEHMSI CynbObl 9K30T€HHO BBEIEHHO-
ro CT uccnegoBanu coaepxkaHue U cocTaB (ocdo-
gunuaoB [10] naBakHOM XUJIKOCTU U BJEKTPOHHO-
MUKPOCKOMUYECKYIO0 KapTUHY [1] JIeTKUX KpbIC TOCIIe
OIHOKPAaTHOIO MHTpAaTpaxeaabHOTO BBEACHUS Ipena-
patoB B no3e 40 mr/xr. McciegoBaHue NpoBOOUIN
B AMHaAMHUKe OT 15 MuH mo 7 CyT mocje BBeAeHUS
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JUIST U3y4eHUsl colepkaHus (pochoaunuaoB U oT 15
MUWH 70 6 9 IS 971eKTPOHHOM MUKPOCKOITHH.

PE3YJIbTATbl UCCJIEAOBAHUA

HN3yyeHne ocTpoii, XpOHMYECKOU U CIeUU(PUIECKUX
BUJOB TOKCUYHOCTU IIperiapaToB CBUIAETEbCTBOBA-
Jo 00 ux OeszomacHoctu. LD, paccuurath He yna-
JIoCh, T.K. Mcrnoib3oBaHue 10-50-KpaTHBIX TepaneB-
THYECKUX 103 IIPElrapaToB NP BHYTPUBEHHOM U
WHTpanepuTOHEeaTbHOM BBEICHUU MBIIIaM He TPU-
BOAWIO K THOENM XUBOTHBIX WM U3MEHEHUSIM B UX
MmoBeAeHUU. TeXHMUeCKd WHTpaTpaxealbHO KpbICaM
ynaercss BBoauTh 0.2-0.4 My 3MyJIbCUU TIpernapaToB
T.e. He Ooyee 50-100 mr/kr. U1 B 3TOM Ciyyae Xu-
BOTHBIE TIEPEHOCWIM BBEACHUE IIpernapaToB 0e3 Ha-
pylmreHuit (GYHKINW OBIXaHWUS W W3MEHEHUs ITOBe-
neHusi. He oOHapyXeHO MyTareHHbIX, TepaTOT€HHBIX
U aJJIepTUYECKUX CBOMCTB U3YyYEHHBIX IMpPENnapaTos,
a TakXXe MEeCTHO-pa3apaxaloIiero 1eicTBrsI U Hapy-
MIeHW CBEPTBIBAEMOCTU KPOBH.

B mnpeaBapuTenbHOl CEepUU DKCIEPUMEHTOB C
onpeneneHreM KojudyecTBa BbiMbiBaeMoro CT B oT-
nenabHbIX nopuusx BAJI Obll oTpaboTaH peXuM TO-
tanmbHOTO BAJI, Tapantupytommit 90% wu3BIedeHMS
CT u3 nerkux U MpUBOIAIINI K pa3BUTUIO KIMHU-
YeCKU M peHTreHoJjiornuecku peructpupyemoro CJIP.
Bris0 BBISICHEHO, YTO IS TIOTYYeHUs] TaKOM Moje-
qu CIHP HeoOXxoauMo MPOBOAMUTH JaBaXXUpOBaHUE
cobak 8-10 mocienoBaTeIbHBIMU MOPLUUSIMU (PU3NO-
JIOTUYeCKOTo pacTBopa u3 pacuera 400 Mi/Kr (0Ko-
710 80% 00beMa JIerKuX B KaxXXI0W IOPLIMHK).

VY cobak mociie poBeaeHus JJaBaXka pa3BUBajach
ObIllIKAa M TaxukKapAusl Kak B MOKOe, TaK U IMpHU
NBVKCHUSIX, XXWBOTHBIE OBLIM BsUIBIMU. Ha peHTre-
HOTpaMMax TPYTHOU KJIETKN 0OHApYKMUBAIUCh CIIB-
Hble aTesekTadbl. Cpa3y mocie jJlaBaxa pe3Ko u3Me-
HSUIOCh COJEpXaHUe KUCJIopoda B apTepualibHOM
KPOBM: 3HAYMTEJIBHO CHIKAJIOCh KaK IaplHaibHOe
nasyienue kucaopona (Po,), Tak n HacblleHME TeMO-
rnobuHa aprepuaibHOi KpoBu Kuciopomom (HbO,)
HapacTajgo naplyaibHOe HaNpsDKEeHWE YIJIEKUCIOTO
raza (puc. 1). BsutocTh 1 onpllKa COXpaHSJINCh OObIY-
HO B Teuenue 3 cyr, Po,, HbO, u Pco, Hopmanu3o-
BaJIMCh K KOHIY 1-X CYTOK, a BO3AYIIHOCTb JIero4-
HOM TKaHM BOCCTaHAaBJIMBajach TOJBKO K 7-8-M CyT-
KaM TToCJIe JIaBaXa.

KynupoBaHue cuHApoMa AbIXaTeJbHBIX pPacT-
pPOMCTB TyTeM OJHOKPAaTHOrO WHTpaTpaxeajbHOTo
BBeneHus nipenaparoB CT mpoBoguim Ha TOH Xe
cobake yepes 2 Hell TTOCJIe KOHTPOJIBHOT'O 3KCIIEPH-
MeHTa. BAJI BBIMOJHSUIM MO TOH X€ METOAUKE U Ye-
pe3 30 MUH mocjie OKOHYaHWSI BBOMMWJIM ITIpernapa-
Tel. Yepe3 15-30 mMuH mocie BBeASHUs IIPeIapaToB
CT y cobak 3HAYMTENIHHO IIOBBLIIIAIUCH BEIUYMHBI
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Po,, Mmm pT. cT.

120
100
80
60—
40

Puc. 1. NameHeHWe HanpsikeHus 20+

KMcnopona B aprepuasnsHOn KpoBM

y cobakm B koHTpone (1) n nocne 0 T

O[4HOKpPaTHOro BBeAEeHUd npenapa- Ucxonneid Jlapaxx 15mur 40muH 15vun 30 mun 60 Mun 1 gens 3 gus 7 mHeit
Ta cypdakTaHTa 4yenosBeka B [03e

15 mr/kr maccel Tena (2). Hcckycmeennas CamocmosimensHoe

CTpenka — MOMEHT BBeAEHMA npe- GEHMUNAYUA Ovixanue

napaTa.

JNecKUuUx

Po, (puc. 1) nu HbO,, a taxxe cHuxanochy Pco, B
apTepHaNbHON KpPOBM (IaHHBIE HE MPEACTABICHEI).
Boccranosnenue Po,u HbO, 10 nCX0aHBIX BETNYUH
npoucxoamyio B tedenue 30-60 MUH mocie BBene-
HUS TIpernapaTroB, TOrma Kak B KOHTPOJIE comepxKa-
HUE Ta30B KPOBUW HOPMAJM30BaIOCh TOJIbKO K KOH-
my 1-x cyrok mocie BAJI. Ha peHTreHorpammax
IPYAHOM KJIETKM uyepe3 1 4 mociie BBEAEHMS IIpe-
ImapaToB 3HAYUTEILHO BOCCTAHABIMBAJIACh BO3MYIII-
HOCTb JIETKMX, a K KOHILy l-X CYTOK IocJjie BBeje-
Hus npemnapatoB CT paznuuuii MeXny 310POBBIMU
U JIEYEHHBIMU XUBOTHBIMU He HaOmonanu. [Ipena-
patel CT oTiuyanuch Mexay coboit addekTuBHOMU
tepaneBTudeckoii nosoit. Jasg CT yenoseka n CT-
BAJI ata nosza cocramisia 15 mr/kr, a giug CT-
BDJI — 50 mr/xr. g nociaegHero BapHaHTa Iipe-
mapaTa crelin@uIecKyio aKTUBHOCTh UCCIICIOBAIN B
IIMPOKOM AuaraszoHe m103 oT 15 mo 100 mr/kr mac-
Chl U OBIJIO OOHaApyXkeHO, YTO 3(PGPEKTUBHBIMU SIB-
nsmoTest go3bl 50-100 mr/kr. CneoyeTr Takxke oTMe-
TUTbH, 9YTO B psife IKCIEPUMEHTOB TepareBTUYECKUMA
appext CT u3z BOJI Hactyman yepe3 3-4 4 mocie
BBeleHUs, Torma kak mpemnapatel CT M3 aMHUOTHU-
yeckoil xuakoctu u BAJl mposasinsnu 3¢ dekT cpa-
3y MOcJje BBEICHUS.

IIpy neTaabHOM HMCCIEIOBAaHUM XPOHUYECKOM
TOKCUYHOCTHU Tocie 10-KpaTHOTO eXenHEeBHOIro UH-
raJsiMIOHHOTO BBEICHUS IPeIapaToB KpbIcaM B I0O-
3ax 100-400 mr/kr He oOHapyKeHO MaTOJOTUUECKUX
M3MEHEHUI CO CTOPOHBI KJIETOYHOTO COCTaBa KpoO-
BU, OMOXMMHUYECKNX TapaMeTpOB KPOBU M MOUMH, a
TakXe CTPYKTYPHBIX HApYIICHWM JETKUX W APYTHUX
BHYTPEHHMX OPTaHOB.

BaxxHbsiM Kputepuem Oe3o0macHOCTH paspabda-
TBIBaeMBIX TipenapaToB jerouHoro CT aBimsgercs ux
cyabba U mpeBpallleHUs! B JIETKUX TOCJe UHTpaTpa-
X€aJbHOTO BBEICHUS.

Ha puc. 2 npeacrtaBieHbl JaHHBIE (CpelHee Tpex
HEe3aBUCUMBIX 3KCIIEPMMEHTOB) O coaepxXaHus (oc-
(GoauNUIoB B JIaBaXXHOMN XUAKOCTU U BJIEKTPOHHO-
MUKPOCKOIMMYECKasl KapTUHa JIEeTKUX Kphic (puc. 3)
ocJie OJHOKPATHOTO MHTPATpaxeadlbHOTO BBEICHUS
CT uenoBeka. AHanu3 JaHHBIX IT0Ka3aja, YTO 4Yepe3
6-12 4 mociie BBeAeHUS MpenapaTa couepkaHue goc-
(onunumoB B JaBaXXHOMW XXUIKOCTU TagaeT A0 MC-
XOAHOI'O YPOBHS, a JIEKTPOHHO-MUKPOCKOTTMYECKU
0OHaAPYXMBAIOTCS TOCIeIOBaTeIbHbIC N3MEHEHUS B
ctpykrype BBeaeHHOTO CT OT COCTOSIHMSI arperaToB
BE3UKYJISIPHBIX 00pa3oBaHUiA 10 MOJHOCTbIO pa3Bep-
HYTBIX OUCIIOMHBIX BE3UKYJ, IPUIETAIOIINX K TO-
BEPXHOCTH aJibBEOJI. AHAJIOTMYHbBIE PE3YJIbTAThI MO-
JIy4eHBI U MPU UCCIeA0BaHUU Cyp(haKTaHTOB, MOJY-
YEeHHBIX M3 JIETKOTO ObIKA.

4 —
3
2 -
1 —
O T T T T T 1
0 0.5 3 6 24 72 168
Bpewms nocne BBenenus cypdakranra, 4

Puc. 2. ConepxaHune dochdonunmuaooB B 6poHX0anbBEONSAP-
HOM naBaxe KpbIC MOCJie OQHOKPATHOro MHTpaTpaxeasnbHO-
ro BBegeHus cypdakraHTa yenoseka.

Mo ocu opauHaTt — copepxaHue pochdonMnnaos, Mr.
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Puc. 3. CTpyKTypHble U3MEHEHUS 3K30reHHO BBEAEHHOro cypdakrtaHTa B MosOCTsX anbeeosn yepe3 15 muH (a, 6), 60 (B) n
360 muH (r).
YB. 12 000 (a), 37 000 (6), 48 000 (B) n 42 000 (r).
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Three pulmonary surfactant preparations: from human amniotic fluid, from broncho-
alveolar lavage fluid, and from cattle lung tissue homogenate were tested in preclinical
studies. The preparations are nontoxic, possess no mutagenic, teratogenic, and allergic
activities and do not modify visceral morphology after repeated injections. After a single
intratracheal administration the drugs normalize arterial blood oxygenation in 15-30 min
and arrest the respiratory distress syndrome in dogs, which is confirmed roentgenologically

and clinically.

Key Words: respiratory distress syndrome; surfactant; pharmacological properties; therapeutic

activity

The respiratory distress syndrome (RDS) is one of
the major causes of neonatal and adult mortality
[3,5]. About 30,000 babies with RDS are annually
born in Russia; in the USA 150,000 RDS cases are
recorded annually in adults. In RDS 15-30% new-
borns and 50-70% adults die [3,5,7]. In preterm
newborns RDS is caused by immaturity of type 2
alveolocytes and the resultant primary deficiency of
pulmonary surfactant (PS) [2]. In RDS of adults,
PS deficiency is secondary, developing as a result
of structural and functional disorders in the air-
blood barrier. It often develops after multiple injury,
sepsis, shock lung, radiation injury, etc. [4,7]. Ap-

Department of Medical Biotechnology, Central Roentgenoradiological
Institute, Ministry of Health; Department of Experimental Pathology,
State Research Center of Pulmonology, Ministry of Health, St.
Petersburg

plication of natural and synthetic PS in recent de-
cade together with progressive resuscitation techno-
logies markedly decreased neonatal mortality from
RDS [4]; effective use of PS in adults with RDS
has been reported [9,11].

Natural and synthetic PS preparations have
been widely used all over the world: survanta (USA),
surfactant-TA (Japan), curosurf (Italy), alveofact
(Germany), exosurf (UK) [8].

We developed a technologically inexpensive
method for preparing natural PS and characterized
their physicochemical properties. Three preparations
were studied: human PS isolated from parturients’
amniotic fluid, PS from bronchoalveolar lavage fluid
(PS-BLF), and PS prepared by water-salt extraction
of finely dispersed cattle lung (PS-WSE).

The pharmacological and therapeutic properties
of these PS preparations are studied.

0007-4888/98/0010-01048$20.00 ©1999 Kluwer Academic/Plenum Publishers
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MATERIALS AND METHODS

Acute toxicity was assessed after a single intravenous
or intraperitoneal injection to mice and intratracheal
administration to rats. In rats, chronic toxicity was
assessed after 10 daily inhalations of the agents in
total doses 10-50 times higher than the therapeutic
doses. Pulmonary and visceral morphology, allergo-
genicity, effects on immune response, mutagenicity
and teratogenicity, and blood cell count were studied.
Blood levels of cholesterol, glucose, urea, bilirubin,
protein levels, alkaline phosphatase, asparagine and
alanine transaminases activities were measured before
and during experiment. Urinary sugar, proteins, uro-
bilinoids, specific weight, and pH were determined.

Respiratory distress syndrome in dogs was in-
duced by effective bronchoalveolar lavage [6]. Mong-
rel dogs weighing 12-15 kg aged 4-5 years were used.
Experiments were carried out under romitar and
thiopental narcosis. After injection of myorelaxants
(tubarin and ditilin) the animals were transferred to
forced ventilation of the lungs. X-ray examination
of the lungs was carried out during the inspiration
phase. Forty min after drug administration the dogs
were transferred to spontaneous respiration.

For forced ventilation, adequate respiration
volume and rate were chosen, and the mean in-
spiration pressure was 20 cm H,O. The lungs were
ventilated with air. Arterial blood gases were exa-
mined using an AVL-995 gas analyzer (Biomedical
Instruments).

Lyophilized PS preparations were emulsified in
normal saline (0.9% NaCl) before use, and 10-15
ml emulsion was administered into the trachea
through an intubation tube under x-ray control into
the left and right lungs.

To elucidate the fate of exogenously admini-
stered PS, phospholipid content and composition

60-
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[10] in lavage fluid and electron-microscopic picture
[1] of rat lungs were studied after intratracheal
administration of the preparations in a dose of 40
mg/kg. The studies were carried out over time from
15 min to 7 days after administration (phospho-
lipids) and from 15 min to 6 h (electron micro-

scopy).

RESULTS

The acute, chronic, and specific toxicity tests con-
firmed the safety of the agents. We failed to de-
termine the LD,, because intravenous and intra-
peritoneal injections of doses 10-50 times higher
than the therapeutic dose to mice did not cause
their death or changed their behavior. Only 0.2-0.4
ml of the preparation emulsion can be administered
to rats intratracheally, which is no more than 50-100
mg/kg. Such doses were tolerated without disorders
in respiratory function or behavioral changes. No
mutagenic, teratogenic, or allergic effects of the
studied agents were observed, nor local irritations
or disorders in blood clotting.

In preliminary experiments with estimation of
the amount of PS washed out in individual portions
of BLE a protocol of total BLF was developed, en-
suring 90% removal of PS from the lungs and leading
to RDS which was diagnosed clinically and by x-
ray examination. For inducing RDS by such a method,
dogs should be lavaged with 8-10 portions of normal
saline in succession, 400 ml/kg each (about 80%
lung volume per portion).

After lavage, the dogs developed dyspnea and
tachicardia at rest and in exercise; the animals were
dull. X-ray examination of the chest showed lavage
atelectasis. Immediately after lavage both partial
oxygen pressure (Po,) and saturation with oxygen
(HbO,) in arterial blood hemoglobin decreased,

Fig. 1. Changes in oxygen pressure in arterial 0 T
blood of a dog in control (1) and after a single Initial Lavage
administration of human surfactant preparation in

a dose of 15 mg/kg (2). Arrow shows the moment

of drug administration.

I5min 40min 15min 30min 60min 1day 3days 7days
Forced ventilation Spontaneous
of the lungs respiration
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Fig. 2. Phospholipid content in bronchoalveolar lavage fluid of rats after

a single intratracheal administration of human surfactant. Ordinate:

phospholipid content, mg.

while partial carbon dioxide pressure increased (Fig.
1). Dullness and dyspnea persisted for 3 days, Po,,
HbO,, and Pco, normalized by the end of the first
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day, and lung tissue saturation with air normalized
only on the 7th-8th days after lavage.

The respiratory distress syndrome was arrested
by a single intratracheal administration of PS two
weeks after the control experiment. Bronchoalveolar
lavage was carried out according to the same pro-
tocol and the drugs were administered after 30 min.
Fifteen-thirty minutes after PS administration, Po,
(Fig. 1) and HbO, markedly increased, while arterial
blood Pco, decreased (data not shown). Po, and
HbO, normalized 30-60 min after drug administra-
tion, while in the control, blood gases normalized
only 24 h after bronchoalveolar lavage. Roentgeno-
grams of the chest 1 h after drug administration
show recovery of saturation of the lungs with air,
and by the end of 24 h after PS administration there
was no difference between intact and treated ani-
mals. PS preparations differed by effective thera-
peutic doses. For human PS and PS-BLF this dose
was 15 mg/kg and for PS-WEL 50 mg/kg. Specific
activity of PS-WEL was studied in a wide dose

Fig. 3. Structural changes in exogenous surfactant in alveolar cavities 15 min (a, b), 60 min (c), and 360 min (d) after administration. x 12,000

(a), 37,000 (b), 48,000 (c), and 42,000 (d).
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range: from 15 to 100 mg/kg; the doses 50-100 mg/
kg were effective. In some experiments the thera-
peutic effect of PS-WEL was observed 3-4 h after
administration, while the effects of PS from the
amniotic fluid and BLF manifested itself imme-
diately after administration.

A detailed study of chronic toxicity after 10-day
daily inhalations in doses of 100-400 mg/kg showed
no pathological changes in blood cell count, bio-
chemistry of the blood and urine, structural dis-
orders in the lungs and other viscera.

Figure 2 shows the content of phospholipids in
lavage (mean values of three independent experi-
ments), and Figure 3 is a photograph of the rat
lungs after a single intratracheal administration of
human PS. The phospholipid content in lavage drops
to the initial level 6-12 h after administration, and
electron microscopy shows successive changes in the
structure of administered PS from aggregations of
vesicles to bilayer vesicles adhering to alveolar sur-
face. Similar results were observed with surfactants
from cattle lungs.

From these results it can be concluded that
human and cattle PS are safe and highly effective
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preparations that can be used for arresting surfac-

tant-deficient DRS in experimental animals.
Clinical trials of human PS, which are in pro-

gress now, confirm the experimental findings.
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