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AHHOTANUA

Wzyyancs oTedecTBEHHBIN Mep(TOPYIIIEpOIHBIN KPOBE3aMEHUTENb C Ta30TPAHCIIOPTHOW (PYHKIMEH, IpUMEHse-
MBI B OMOMEIUIIMHCKOH MTpakThKe — npenapat «Dropamynscus |1» (mpexxnee HazBanune «llepdropan-rumocy) Ha
CYOXpOHHYECKYI0O TOKCHYHOCTh Ha O€JbIX HENMHEHHBIX KpbIcax oOoero moja. lcmonb3oBamu 1Be 3KcHepu-
MEHTaJIbHbIE TPYIIIBI )KHUBOTHBIX, TIEpBasi N3 KOTOPBIX Moydaia B/B 5 Mi/kr npemnapara «@topamynbcus 1y, a
BTOpas — 50 MJI/KT npenapara oJiiH pa3 B JieHb B TeueHne 30 auei. OrieHnBai BIUsIHUE CyOXPOHUYECKOTO BBE/IC-
st @ropamynecun |l Ha BBDKMBaEMOCTb >KMBOTHBIX, MAcCy Teila, PEKTAIBHYIO TeMIIEpaTypy, CyMMAaLIOHHO-
HOZINIOPOTOBBIH MOKA3aTelb, CEPACIHO-COCYANUCTYIO IESITENIbHOCTD, OMOXMMHYECKHE U FeMaTOJIOTMYEeCKHe TTI0Ka3a-
TenH nepudepuiecKoil KpoBH; MPOBOIMIA ATOMOP(OIOTHIECKHE U TUCTOJIOTMYECKHUE HCCIIECAO0BAHNS Pa3IMUHbIX
OpraHoB M TKaHEH.

Ilo naHHBIM, ITOJyYEHHBIM B UCCIIEIOBAHUSAX, YCTAHOBIIEHO, YTO Ipenapar «@ropamyinbscust I1I» B ycnoBusx
CyOXPOHHUYECKOTO BBEJICHHUS TIPAKTHUYECKH HE OKa3bIBAET TOKCHYECKOTO JISWCTBUSI HA OPTaHU3M KPBIC 000€ro ToJIa.
Beenenune nexapctBeHHON (opmbl npenapara «Dropamynsensi [I» skcnepuMEeHTaNbHBIM JKUBOTHBIM B J103aX,
NPEBBILIAOIINX PEKOMEHIOBAaHHBIE ISl YeJIOBEKA B JIECATH Pa3, HE OKa3bIBAIO TOKCHYECKOTo 3 dekTa Ha OCHOB-
HbIE CHCTEMBI OPraHOB (HEPBHYIO, CEPICUHO-COCYIUCTYIO, KPOBETBOPHYIO, BBIACIUTEIIBHYIO, IUIIEBAPUTEIBHYIO,
JBIXaTENBHYIO U PEIPOAYKTHBHYIO), OOMEH BEIIECTB, 00Ilee COCTOSTHUE U Pa3BUTHUE, a TAK)KE HA OCHOBHBIC
roOMeoCTaTH4ecKHe ImapaMeTpbl OpraHu3Ma.

Ha ocHOBaHMM NPOBEAEHHBIX UCCIEAOBAHUM IO U3YYEHUIO TOKCUYHOCTH IpenapaTta «@ropamyiscust 11Dy
MO>KHO 3aKJIFOUUTh, YTO COCTOSTHUE MEPEKUBLINX CyOXPOHHMYECKYIO MHTOKCUKAIIMIO )KUBOTHBIX CBUJIETENILCTBYET O
NIEPEHOCMMOCTH M OTHOCHTEIFHOM 0€3011aCHOCTH Npenapara Aake Ipy BBEACHUH €T0 B KOIMUYECTBE, PEBBIIAIOIIEM
TEpaneBTHYECKYIO 103y JUI YEJIOBEKA B IECSTH pas.

BuixoaHble JaHHBIE 1)1 HIUTHPOBAHUA PYCCKOA3BIYHO MEYATHOW BEPCHH CTATHH:

Bopoo6ses C.1., [Tupoxkos C.B., bonesnu C.b., OpnoBa A.C., Cepreesa C.I1., Benmuuko 2.B., Bykonosa M.H.
ITepdropyriieponHbie SMyIBCHHI: COCTaB U MpuMeHeHue. YacTs 7. M3ydeHne cyOXpOHNIECKOW TOKCUIHOCTH
nepdTopyriaepoaHOil KpoBe3aMelarolei aMyibcuu — npenapara «dropamyinbscus [y, Bymaeposckue
coobwernus. 2026. T.86. Ned, C.10-21. DOI: 10.37952/ROI-jbc-01/26-86-4-10

BbixoaHble faHHbIE 1A HUTHPOBAHMUSA PYCCKOSI3bIYHOM 2J1eKTPOHHON BEPCHM CTATHH:

Bopooses C.1., [Tupoxxkos C.B., bonesuu C.B., Opnora A.C., Cepreesa C.I1., Benuuko 2.B., Bykonosa M.H.
ITepdropyriieponHbie SMyIBCHHI: COCTaB U MpuMeHeHue. YacTs 7. M3ydeHune cyOXpOHNIECKOW TOKCUIHOCTH
nepTopyraepoJHON KpoBe3aMelaronel saMyascun — npenapata «dropamynscus ». Bymaeposckue
coobuenus A. 2026. T.13. Ne2. 1d.2. DOI: 10.37952/ROI-jbc-01/26-86-4-10/ROI-jbc-R/26-13-2-2 (Russian)

The output for citing the English online version of the article:

Sergey 1. Vorobyev, Sergey V. Pirozhkov, Sergey B. Bolevich, Alexandra S. Orlova, Svetlana P. Sergeeva,
Ellina V. Velichko, Marina N. Vukolova. Perfluorocarbon emulsions: Composition and application. Part 7.
Study of the subchronic toxicity of a perfluorocarbon blood substitute emulsion «Ftoremulsion III». Butlerov
Communications A. 2026. VVol.13. No.2. 1d.2. DOI: 10.37952/ROIl-jbc-01/26-86-4-10/ROI-jbc-A/26-13-2-2

10 © Bymaeposckue coobwenus. 2026. T.86. Ne4., r. Kazans. PecriyOiinka Tarapceran. Poccust.



M3VYEHHUE CYEXPOHUYECKOH TOKCUYHOCTH ITIEP®TOPYIJIEPOHOH KPOBE3AMEIIAFOIIJEH... _ 10-21
Jlureparypa

(1]

(2]

(3]

(4]

(5]

(6]

[7]
(8]
(9]

Bopo6wes C.U., bonesnu C.b., Mopososa E.B. u ap. [lepdropyriepoansie 3MyIbCHH: COCTAB U
npumenenne. Yacts 1. [Ipuvenenue sMybcru IepTOPOPraHUIECKIX COSTMHEHUH B SKCIIEPUMEHTE TIPU
I/IHICMI/I‘IGCKI/I-pel’[ep(bySI/IOHHOM TMOBPCIKACHNN N30JIMPOBAHHOIO CCpALa KPBICHIL. Bymzzepoecxue COO6W€HM}Z
C. 2023. Vol.5. No.1. 1d.10. DOI: 10.37952/ROl-jbc-RC/23-5-1-10 [Sergey |. Vorobyev, Sergey B. Bolevich,
Elena V. Morozova, Alexandra S. Orlova, Stefania S. Bolevich, Kokhsa Kh. Yavlieva, Maria V. Kartasheva,
Bella I. Morgan, Michael V. Saulin, Vladimir Yakovlevich. Perfluorocarbon emulsions: composition and
application. Part 1. Application of an emulsion of perfluoroorganic compounds in an experiment with
ischemic reperfusion injury of an isolated rat heart. Butlerov Communications C. 2023. VVol.5. No.1. 1d.10.
DOI: 10.37952/ROI-jbc-C/23-5-1-10]

Bopobwes C.U., bonesnu C.b., Koponésa K.C. u np. IlepdropyrieponHbie 3MyinbCHI: COCTaB U IPUMEHEHHE.
Yactsb 2. HCKOTopI)Ie BOIIPOCHI 6HOMCHPIIH/IHCKOI>1 0e30I1aCHOCTH TMPpUMCHCHU TPEApaTOB HA OCHOBE
aMyIibcuii iepdropyrieponos. bymueposckue cooouernus C. 2023. Vol.5. No.2. 1d.8. DOI: 10.37952/ROI-
jbc-RC/23-5-2-8 [Sergey I. Vorobyev, Sergey B. Bolevich, Kira S. Koroleva, Alexander B. Saltykov, Marina
A. Fokina, Tatiana G. Sinelnikova, Sultan I. Shabaev, Gusen K. Yahyaev, Zaira M. Tochieva, Anush |.
Agabekyan. Perfluorocarbon emulsions: composition and application. Part 2. Some issues of biomedical
safety of the use of drugs based on perfluorocarbon emulsions. Butlerov Communications C. 2023. Vol 5.
No.2. 1d.8. DOI: 10.37952/ROl-jbc-C/23-5-2-8]

Bopo6wes C.U., bonesuu C.b., CanteikoB A.b. u np. [lepdropyriepoaHbie 3MyIbCHA: COCTaB U
npumenenure. Yacts 3. Bustaue Gu3nKo-XxuMudecknx (DakTopoB Ha OMOJIOTUYECKHE CBOMCTBA
TEPMOANHAMUYECKH HEYCTOWYMBBIX AUCTIEPCHBIX CHCTEM — MTEP(TOPYTIIEPOTHBIX SMYIIBCUIA. bymiieposckue
cooowenus. 2023. T.75. Ne7. C.85-98. DOI: 10.37952/ROI-jbc-01/23-75-7-85 [Sergey |. VVorobyev, Sergey
B. Bolevich, Alexander B. Saltykov, Stefania S. Bolevich, Kira S. Koroleva, Marina A. Fokina, Tatiana G.
Sinelnikova, Kokhsa Kh. Yavlieva, Bella I. Morgan, Maria K. Kartasheva. Perfluorocarbon emulsions:
composition and application. Part 3. Influence of physicochemical factors on the biological properties of
thermodynamically unstable disperse systems — perfluorocarbon emulsions. Butlerov Communications C.
2023. Vol.6. No.3. Id.1. DOI: 10.37952/ROl-jbc-C/23-6-3-1]

Bopobwes C.U., bonesuu C.b., [Tupoxkos C.B., Opnosa A.C., Koponésa K.C. Ilepdropyrnepoansie
SMYJILCHHU: COCTAB U puMeHeHue. YacTs 4. DU3NKO-XUMUIESCKUIM 1 OMOMEIUIIMHCKHI aHAJIN3
nepTOpyrIepOAHO KpoBe3ameatomiel smyinbenn — «llepdropan-mmrocy. Bymaeposckue coobwenus A.
2026. T.12. Nel. 1d.8. DOI: 10.37952/ROI-jbc-01/26-85-3-2/ROI-jbc-RA/26-12-1-8 [Sergey |. Vorobyev,
Sergey B. Bolevich, Sergey V. Pirozhkov, Alexandra S. Orlova, Kira S. Koroleva. Perfluorocarbon emulsions:
composition and application. Part 4. Physico-chemical and biomedical analysis of perfluorocarbon blood-
substituting emulsion — “Perftoran-plus”. Butlerov Communications A. 2026. VVol.12. No.1. 1d.8. DOI:
10.37952/ROI-jbc-01/26-85-3-2/ROI-jbc-A/26-12-1-8]

Bopobres C.U., bonesuu C.b., [Tupoxkos C.B., Opnosa A.C., Koponésa K.C. Ilepdropyrnepoansie
3MYJICUU: COCTaB U NpuMeHeHue. YacTh 5. HU3KOKOHIIEHTPUPOBAHHBIE MHOTOKOMIIOHEHTHbBIE
nepdropyraeponnsie smynscuu — «O@TOPAHb, nx ¢puznko-xuMuyeckue 1 OMOIOrHIecKre CBOMCTBA.
Bymaepoeckue coobwenus A. 2026. T.12. Nel. 1d.9. DOI: 10.37952/ROI-jbc-01/26-85-3-33/ROI-jbc-RA/26-
12-1-9 [Sergey |. Vorobyev, Sergey B. Bolevich, Sergey V. Pirozhkov, Alexandra S. Orlova, Kira S. Koroleva.
Perfluorocarbon emulsions: composition and application. Part 5. Low-concentrated multi-component
perfluorocarbon emulsions — “FTORANS” and their physicochemical and biological properties. Butlerov
Communications A. 2026. VVol.12. No.1. 1d.9. DOI: 10.37952/ROI-jbc-01/26-85-3-33/ROI-jbc-A/26-12-1-9]
Bopo6ses C.U., [Tupoxkos C.B., bonesuu C.B., Opnosa A.C., Cepreesa C.I1. [TlepdTopyriaeponbie
IMYJIBCHU: cOCTaB M puMeHenue. Yacte 6. [lepdTopyriepoaHblii KpoBe3aMearoui mpenapaT
«Dtopamynbcus [I» — u3yyenne octpoit TokcuuHOCTH. Bymueposckue coobuernus A. 2026. T.13. Ne3. 1d.1.
DOI: 10.37952/R0OI-jbc-01/26-86-4-1/ROI-jbc-RA/26-13-2-1 [Sergey |. Vorobyev, Sergey V. Pirozhkov,
Sergey B. Bolevich, Alexandra S. Orlova, Svetlana P. Sergeeva. Perfluorocarbon emulsions: Composition and
application. Part 6. Perfluorocarbon blood substitute “Ftoremulsion III” — acute toxicity study. Butlerov
Communications A. 2026. Vol.13. No.2. 1d.1. DOI: 10.37952/ROI-jbc-01/26-86-4-1/ROI-jbc-A/26-13-2-1]

J. Jagers, A. Wrobeln, K.B. Ferenz. Perfluorocarbon-based oxygen carriers: from physics to physiology.
Eur. J. Physiol. 2021. 473. P.139-150. DOI: 10.1007/s00424-020-02482-2

D. Sakas, K. Whittaker, R. Crowell, N. Zervas. Perfluorocarbons: recent developments and implications
for neurosurgery. J. Neurosurg. 1996. 85(2). P.248-254. DOI: 10.3171/jns.1996.85.2.0248

Bopo6ser C.U., Usanutkuii I'.P. u ap. 'azoTpancnopTHeie mpenapaTbl Ha OCHOBE MepGTOPYIIICPOIHBIX
IMyIbCH. Becmuuk unmencusnou mepanuu. 1996. Ne2-3. C.15-21. [S.1. Vorobyov, G.R. Ivanitsky, et al.
Gas transport drugs based on perfluorocarbon emulsions. Bulletin of Intensive Therapy. 1996. No.2-3.
P.15-21. (Russian)]

[10] PykoBOACTBO 1O KCIIEPUMEHTATIBHOMY (IOKIMHHYECKOMY) H3YUCHUIO HOBBIX (papMaKOIOTHIECKHX

© Bymaepoeckue coobuenus. 2026. T.86. Ned. E-mail: journal.bc@gmail.com 11



https://pubmed.ncbi.nlm.nih.gov/?term=Sakas+DE&cauthor_id=8755753
https://pubmed.ncbi.nlm.nih.gov/?term=Whittaker+KW&cauthor_id=8755753
https://pubmed.ncbi.nlm.nih.gov/?term=Crowell+RM&cauthor_id=8755753
https://pubmed.ncbi.nlm.nih.gov/?term=Zervas+NT&cauthor_id=8755753

IToanas ucciaenoBaTeIbCcKas nyGJmKaunﬂ Bopo6ses C.U., [Tupoxkos C.B., bonesuu C.b.,
OpuoBa A.C., Cepreesa C.I1., Bemuuko 2.B., Bykonosa M.H.
BertecTB. [Tox pen. Xabpuesa P.Y. Mockea: OAO «Hzoamenvcmeo «Meouyunay. 2005. 832¢. [Guide to
experimental (preclinical) study of new pharmacological substances. Ed. by R.U. Khabriev. Moscow:
OJSC “Izdatelstvo “Medicine”. 2005. 832p. (Russian)]

[11] IMpaBuna noxmuHUYECKOW OLeHKH Oe3omacHocTH (hapmakonoruyeckux cpencts (P 64-126-91). Mocksa:
M3 Poccuu. @K. 1992. 45c¢. [Rules for preclinical safety assessment of pharmacological agents (RD 64-
126-91). Moscow: Ministry of Health of Russia. PK. 1992. 45p. (Russian)]

[12] TpeboBanus K TOKIMHUYUSCKOMY U3YyUCHHUIO OOIIETOKCHIECKOTO ICHCTBHS HOBBIX (hapMaKOIOrHIECKHX
BElIeCTB (BPEMEHHBIC METOIUYeCKH pekoMeHaanmu). Mockea: M3 CCCP. K. 1985. 19c.
[Requirements for preclinical studies of the general toxic effects of new pharmacological substances
(temporary methodological recommendations). Moscow: USSR Ministry of Health. Federal Code. 1985.
19p. (Russian)]

[13] IIpaBwna naboparopHoii mpakTHKK. [lpuxasz Munucmepcmea 30pagooxpanenus u COYyuanbHO20 PA3eUmus
Poccuiickoii @edepayuu ot 23 aBrycra 2010 r. Ne708u . Mockea. [Laboratory Practice Guidelines.
Order of the Ministry of Health and Social Development of the Russian Federation dated August 23,
2010. No.708n. Moscow. (Russian)]

[14] F. Hong, K.A. Shastri, G.L. Logue, M.B. Spaulding. Complement activation by artificial blood substitute
Fluosol: In vitro and vivo studies. Transfusion. 1991. 31(7). P.642-647.

[15] M.G. Scott, D.F. Kucik, L.T. Goodnough, T.G. Monk. Blood substitutes: Evolution and future
applications. Clin. Chem. 1997. 43(9). P.1724-1731.

[16] P.E. Keipert. Perfluorochemical emulsions: future alternatives to transfusion. Blood Subst. Princ. Meth.
Prod. Clin. Trials. 1998. 2. P.127-156.

[17] J.G. Riess. Overview of progress in the fluorocarbon approach to in vivo oxygen delivery. Biomater.
Artif. Cells Immobil. Biotechnol. 1992. 20. P.183-202.

[18] P.E. Keipert, N.S. Faithfull, D.J. Roth, J.D. Bradley, S. Batra, P. Jochelson, K.E. Flaim. Supporting tissue
oxygenation during acute surgical bleeding using a perfluorochemical-based oxygen carrier. Adv. Exp.
Med. Biol. 1996. 388. P.603-609. DOI: 10.1007/978-1-4613-0333-6_77

[19] L. Cao, C.-S. Li, Y. Chang, Z.-X. Liang, L.-A. Chen. The effects of perfluorocarbon on ICAM-1
expression in LPS-induced A549 cells and the potential mechanism. Mol. Med. Rep. 2016. 13(4). P.3700-
3708. DOI: 10.3892/mmr.2016.4952

[20] M. Nieuwoudt, G.H.C. Engelbrecht, L. Sentle, R. Auer, D. Kahn, S.W. van der Merwe. Non-toxicity
of 1V injected perfluorocarbon oxygen carrier in an animal model of liver regeneration following
surgical injury. Artif. Cells Blood Substit. Immobil. Biotechnol. 2009. 37(3). P.117-124.

DOI: 10.1080/10731190902916380.

[21] Sergey I. Vorobyev, Sergey V. Pirozhkov, Sergey B. Bolevich, Alexandra S. Orlova, Svetlana P.
Sergeeva, Ellina V. Velichko, Marina N. Vukolova. Perfluorocarbon emulsions: Composition and
application. Part 7. Study of the subchronic toxicity of a perfluorocarbon blood substitute emulsion
«Ftoremulsion III». Butlerov Communications A. 2026. Vol.13. No.2. 1d.2. DOI: 10.37952/ROl-jbc-
01/26-86-4-10/ROI-jbc-A/26-13-2-2

[22] Bopoowes C.U., [Tupoxkos C.B., Bonesud C.b., Opiosa A.C., Cepreesa C.I1., Benuuko 2.B., Bykonosa
M.H. IlepdropyriepoHabie SMyIbCHH: COCTaB U puMeHeHne. Yacth 7. 3ydueHne cyOXpoHUYecKon
TOKCHYHOCTH TIepPTOPYTIEPOIHOI KpoBe3aMelaroniei sMmyiabcun — npenapara «dropamynbenst 1.
Bymaeposckue coobwenus A. 2026. T.13. Ne2. 1d.2. DOI: 10.37952/ROI-jbc-01/26-86-4-10/ROI-jbc-
AJ26-13-2-2 (Russian)

The English version of the article has been published in the international edition of the journal

Butlerov Communications A
Advances in Organic Chemistry & Technologies

The Reference Object Identifier — ROI-jbc-A/26-13-2-2
The Digital Object Identifier — DOI: 10.37952/ROI-jbc-01/26-86-4-10/ROI-jbc-A/26-13-2-2

Perfluorocarbon Emulsions: Composition and Application. Part 7.
Study of the subchronic toxicity of a perfluorocarbon blood
substitute emulsion «Ftoremulsion I1D»

12 https://butlerov.com/ © Butlerov Communications A. 2026. Vol.13. No.2. 1d.2.



https://pubmed.ncbi.nlm.nih.gov/?term=Bradley+JD&cauthor_id=8798865
https://pubmed.ncbi.nlm.nih.gov/?term=Batra+S&cauthor_id=8798865
https://pubmed.ncbi.nlm.nih.gov/?term=Jochelson+P&cauthor_id=8798865
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+L&cauthor_id=26935986
https://pubmed.ncbi.nlm.nih.gov/?term=Li+CS&cauthor_id=26935986
https://pubmed.ncbi.nlm.nih.gov/?term=Chang+Y&cauthor_id=26935986
https://pubmed.ncbi.nlm.nih.gov/?term=Liang+ZX&cauthor_id=26935986
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+LA&cauthor_id=26935986
https://pubmed.ncbi.nlm.nih.gov/?term=Nieuwoudt+M&cauthor_id=19412823
https://pubmed.ncbi.nlm.nih.gov/?term=Engelbrecht+GH&cauthor_id=19412823
https://pubmed.ncbi.nlm.nih.gov/?term=Sentle+L&cauthor_id=19412823
https://pubmed.ncbi.nlm.nih.gov/?term=Auer+R&cauthor_id=19412823
https://pubmed.ncbi.nlm.nih.gov/?term=Kahn+D&cauthor_id=19412823

H3YYEHUE CYBXPOHUYECKOH TOKCHYHOCTH ITEP®TOPYIJIEPOIJHOH KPOBE3AMELJAIOIIEH... __ 10-21
Sergey I. Vorobyev,** Sergey V. Pirozhkov, Sergey B. Bolevich,
Alexandra S. Orlova, Svetlana P. Sergeeva, Ellina V. Velichko, Marina N. Vukolova
Department of Pathophysiology. The 1st Medical State University Sechenov University. Trubetskaya St., 8,
Build. 2. Moscow, 119991. Russia. Phone: +7 (495) 609-14-00. E-mail: vorobyev@mail.ru

*Supervising author; *Corresponding author
Keywords: perfluorocarbon emulsions, subchronic toxicity, toxicity.

Abstract

The study examined the subchronic toxicity of the domestic perfluorocarbon blood substitute with a gas
transport function, Ftoremulsion I11 (formerly known as Perftoran-Plus), in white non-linear rats of both sexes.
Two experimental groups of animals were used, with the first group receiving 5 mil/kg of Ftoremulsion IlI
intravenously, and the second group receiving 50 ml/kg once daily for 30 days. The effect of subchronic
administration of Ftoremulsion I11 on animal survival, body weight, rectal temperature, summation-subthreshold
index, cardiovascular activity, biochemical and hematological parameters of peripheral blood, and patho-
morphological and histological studies of various organs and tissues was evaluated.

According to the research data, it has been established that the drug Ftoremulsion 111 has almost no toxic
effect on the bodies of male and female rats under subchronic administration conditions. Administration of the
drug form of Ftoremulsion 111 to experimental animals at doses ten times higher than those recommended for
humans did not have a toxic effect on the main organ systems (nervous, cardiovascular, hematopoietic,
excretory, digestive, respiratory, and reproductive), metabolism, general condition, and development, as well as
on the main homeostatic parameters of the body. Based on the studies conducted to study the toxicity of the
drug Ftoremulsion 11l it can be concluded that the condition of the animals that survived subchronic intoxication
indicates the tolerability and relative safety of the drug, even when it is administered in amounts ten times higher
than the therapeutic dose for humans.
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