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ULTRASTRUCTURAL CHANGES IN THE LUNGS OF 1-2 MONTHS- OLD RATS
IN THE CONDITIONS OF HYPERHOMOCYSTEINEMIA
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A detailed electron microscopic study on structemhponents in the lungs of 1-2 months-old ratsutite conditions
of hyperhomocysteinemia was performed. Experimeete performed on 64 white nonlinear male ratswtton is drawn to the
presence of large amount of fibrin and erythrocyttethe lumen of the alveoli surrounded by an eteetdense substrate, which
is similar to the blood plasma consistency, whichbviously due to the surfactant film thinninglie alveoli and the increase in
fluid transduction from the capillaries placed e tinteralveolar septum. Specific features of ttuglys were the presence of
transudate in the alveolar space containing bldasinpa proteins and fibrin fibers, sludge phenomemdrich prevented blood
flow and edema of respiratory alveolocytes. In ypamimals, changes occur in the blood-air barfieey are associated with
endothelial dysfunction, which in turn is due t@dbendothelial cells desquamation, changes irstheture of the basement
membranes, their loosening, as a result of thgarkd structure disturbance and obturation of #yllaries’ lumen by the blood
formed elements. Damage of the endothelial linimgdrity leads to permeation of plasma, fibrin &muned elements into the
lumen of the alveoli. The process is accompaniedd®ma of the respiratory epithelium, which isrésult of increased vascular
permeability and intravascular pressure.
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The work is a fragment of the research project “Tole of exogenous and endogenous sulfur-contaioimypounds in
the mechanisms of affection of internal organs eytdprotection under various pathological condidnstate registration No.
0119U001142.

Homocysteine is a non-proteinogenic sulfur-contagnamino acid formed as a result of the
metabolism of an essential amino acid of methioirid. Normally, its amount in the human body is
ranging from 5 to 1umol /L. An elevated homocysteine level in bloodspie above 1mmol / L is
called hyperhomocysteinemia syndrome and is damngetimthe human body [3, 12]. The relationship
between disorders in the homocysteine metabolisth rarmerous pathological conditions remains
inadequately studied in our time. Studies of recgedrs confirm that increased concentration of
homocysteine in the blood is an independent riskofafor cardiovascular and cerebrovascular disease
[6, 10]. There is also a strong correlation betwbhgperhomocysteinemia and neurological disorders,
chronic kidney disease, osteoporosis, disordersthim gastrointestinal tract, cancer, congenital
defects [5].

However, the relationship between the high coneiotn of plasma homocysteine and the
structure and functions of the respiratory systemains inadequately studied. Existing researches do
not fully disclose morphological changes in theusture of the lungs at the optical and electron-
microscopic levels.

Thepurpose of the study was to establish ultrastructural ¢feanin the lungs of 1-2 months-old
rats under the conditions of hyperhomocysteinemihta compare the findings to the group of intact
rats.

Materials and methods.Experiments were carried out on 22 white nonlimeale rats at the age
of 1-2 months. During the experiment animals avédéd into two groups — the control (11 animals) an
the experimental (11 animals) group [4, 7]. Thewation of the stable hyperhomocysteinemia state wa
achieved by administering to the rats a researchpof thiolactone homocysteine in the dose of I2@0
/ kg of body weight intragastrically for 60 days].[&\nimals were sacrificed by decapitation under
thiopental anesthesia. The extracted pieces ofslgiming 0.5-1 mm were fixed in 2.5% glutaraldehyde
solution with the pH7.2-7.4 phosphate buffer. lisveanbedded into a mixture of epon-araldit, accgrdin
to the generally accepted method [2]. Thinwallectieas were made of the obtained blocks, and then
stained with toluidine blue and Hayat. After foaugsion the thinwalled sections, ultrathin sectioresev
made using LKB Il (Sweden) and Reihart (Austridramicrotomes, which were contrasted with 2%
solution of uranyl acetate and lead citrate. Ttaices were studied and photographed under the PEM-
125K electron microscope with magnitudes of 6-2fu#gand times.

Results of the study and their discussiorin the parenchyma of young animals’ lungs, unber t
conditions of hyperhomocysteinemia, changes in labtieoli and blood capillaries were observed. In
alveoli, almost all respiratory alveolocytes (pn@awtes I) are swollen. Against the background istéts
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with edema fluid, in other areas, there was a Sait thinning of the cytoplasm (fig. 1 A, B; fig. A)
compared to the control group (fig. 2A). Signifitéimnning led to a decrease in the number of ceties
at the metabolic level, in particular, mitochondast crysts and were swollen.

Our results are consistent with the data of D.Vdialev's et al. study on metabolic changes in
the lungs mitochondria with experimental hyperhoysbeinemia in rats. In the conditions of severe
hyperhomocysteinemia, homocysteine accumulatestochondria and has a direct toxic effect on them.
This fact can be due to the presence of a speexeBosylmethionine transporter on the mitochondria
internal membrane, which carries the latter inriatrix of organelles [9].

There was a sharp thinning of epithelial lining,iethled to the protrusion of respiratory epithelial
cells, their rupture, and facilitated permeatioblobd plasma with protein conglomerates of homteige
into the lumen of the alveoli (fig. 1A, B, C, D).eBveen respiratory epitheliocytes secretory cells
(pneumocytes 1) are detected that produce suriaci&fe have found that the number of plate cells
contained in it (the membrane and the liquid phaspectively: phospholipids, proteins and glycogirs)
was twice lower than that in the control group Katgperimental animals - 0.2 inyin; control animals -
0.4 in 1um). The foregoing facts about the damage of theodskir barrier in the conditions of
hyperhomocysteinemia are described by us for tis¢ time, there are no data about it in the sdienti
literature.

Fig. 1. Respiratory portion of lungs of young rateler conditions of hyperhomocysteinemia: swelliighe cytoplasm of respiratory
alveolocytes, red blood cells in the lumen of theali, lymphocytes and neutrophils in the lumercapillaries; alveolar macrophage, fibrin and
blood plasma in the lumen of the alveoli, mitochdsmdnucleus. x A- 16000; B - 14000, C-12000; D260 magnification.

In most cells, plate bodies are similar to vacuoilesvhich electron-dense substrate is located,
formed as a result of the plates disaggregatian #B). The mitochondria of the secretory cells aver
observed in small numbers with slight destructibrergsts (fig. 2B). In addition to the respirataand
secretory alveolocytes, there were “wandering” rapbages in the lumen of the alveoli and placethén t
wall of the alveoli.The latter, like the secretaglls, had a little amount of small mitochondriattwi
destructively altered crysts and electron-light mratmicrovilli, and protrusion of cytoplasm, which
number is significantly increased in experimentdhals. The content of these protrusions was elaetr
dense mass similar to the blood plasma and it wtected in the cytoplasm of the respiratory andetery
cells. (fig. 2A, B). Obviously, transudate from themen of capillaries permeates not only through
intercellular contacts, but also through the cyaspi of all cells lining the alveolus.

Attention is drawn to the presence of large amairitbrin and erythrocytes in the lumen of
the alveoli surrounded by electron-dense substmabéch is similar in its consistency to the blood
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plasma, which is obviously due to the thinningloé surfactant layer in the alveoli and to the iasee

in the fluid transduction from the capillaries pdalcin the interalveolar septum (fig. 1A, B; 2A, B).
this case, in the lumen of capillaries blood plasraa a similar consistency and contains neutrophils
lymphocytes and erythrocytes. Cytoplasm of the émel@l cell is considerably thin, especially ireth
peripheral zone, which leads to thinning of theddlair barrier, which can be considered as a
manifestation of compensatory and adaptive prose@ge 1, 2). Lumen of the capillaries, as a rule,
is plugged with formed blood cells (erythrocytesaarophages, lymphocytes, neutrophils). An
increase in the content of formed elements andstrdate in the alveoli led to the decline of the éim

in some capillaries.

B
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Fig. 2. The respiratory portion of the lungs of ggurats under conditions of hyperhomocysteinemi@od plasma in the lumen of the
alveoli, red blood cells in the lumen of the alvesécretory alveolocyte, lumbar corpuscles, mitoatria, nucleus cytoplasm. B, G — Respiratory
portion of lungs of young control rats. x A-160@; 14000; C - 12000; D -16000 magnification.

The foregoing results of our work coincide with thieidies of L. P. Voroninet al: significant
changes in the vascular epithelium in patients witlonchial asthma under the conditions of
hyperhomocysteinemia are determined, while thergigvef endothelial dysfunction strongly correlates
with the level of homocysteine in the blood pladiia

Specific features for this term of the study wdre presence of transudates in the alveolar space
containing blood plasma proteins and fibrin fibesigg phenomenon, which prevented blood flow and
edema of respiratory alveolocytes.

W sy sy

In young animals, primarily, changes occur in theob-air barrier. They are associated with
endothelial dysfunction, which in turn is due tedbdesquamation of the endothelial cells, chaimyése
structure of the basement membranes, their loogeasa result of their layered structure distuckand
obturation of the capillaries’ lumen by the formeldments. Damage to the integrity of endotheliahty
leads to permeation of plasma, fibrin and formezingnts into the lumen of the alveoli. Secondly, the
process is accompanied by edema of the respirafattyelium, which is the result of the increasesicusar
permeability and intravascular pressure.

Prospects of further research will encompass the study of the morphological cleang the structural components of
the lungs in mature and old rats under the condgiof hyperhomocysteinemia.
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YJIBTPACTPYKTYPHBIE U3MEHEHUS
B JIETKHUX KPbIC B BO3PACTE 1-2MECSLA

YJIBTPACTPYKTYPHI 3MIHHU
B JIETEHSX IIYPIB BIKOM 1-2MICSALI

B YMOBAX I'ITIEPTOMOUMCTEIHEMIT
Cambopcbka 1.A., MaeBebkuii O.€., Aragponos K.M.,
KoBanbuyk O.1.

IlpoBeneHe  neTanbHEe  €IEKTPOHHOMIKPOCKOIIYHE
IOCHIDKEHHS CTPYKTYPHHX KOMIIOHEHTIB JIETeHb IIypiB
BikoM 1-2 Mmicsmi B yMOBax rimeproMouucteinemii. 3seprae
Ha ce0e yBary, HasBHICTb y IIPOCBITaxX ajbBEOJ BEIHMKOL
KimpkocTi  (iOpuHY Ta  epUTPOIMTIB y  OTOYEHHI
CJICKTPOHHOIIUIEHOTO ~ cyOcTpaTry, 1O  KOHCHCTEHMil
AHAJIOTIYHOTO IU1a3Mi KPOBi, IO, OYCBHIHO, IOB’3aHO 3i
3MEHIIECHHAM Cyp(akTaHTHOI IUIBKM Yy albBeojax Ta
MiABUILCHHIO TPAHCCYAALIT PiIHHU 3 KaNiJIsPiB, 0 MiCTITHCS
y  MDKanbBeONSIpHHX  meperopogkax.  CrenudivHUMEI
O3HAaKaMHM IS [IbOTO TEPMiHy € HasBHICTb Y aJbBEOJSPHOMY
IIPOCTOPI TPAHCCYAATY, SIKMI MICTHB OLIKH IUIa3MH KPOBI Ta
(GiOprHOBI BOJNOKHA, ClaK-(QEeHOMEH, M0 MepemKoKae
KPOBOTOKY Ta HaOpsIK pecHipaTOpHUX albBEOJOLHUTIB. Y
MOJIONUX TBapHH, IEpIl 3a BCe, 3MiHM BiJIOyBaroThCS Y
aeporeMaTHIHOMY 6ap’ epi. Bouu OB’ si3aHi 3
CHIOTEMANbHOI0  IUCQYHKLIEI0, sKa B CBOI  4epry
00yMOBJICHAa JIOKQJIFHOIO JIECKBAMALI€I0 EHAOTENIOIHUTIB,
3MiHAMH Yy  CTPYKTypi  0Oa3ampHMX  MeMOpaH,  ix
PO3IYIIyBaHHSAM, Y Pe3yJIbTaTi MOPYIICHHS X MOMIApOBOCTI
Ta 00Typamii mpoCBiTIB KaiysIpiB GOpMEHUMH €IeMEHTaMH
KPOBI. VimkomkeHHs LTICHOCTI €HI0TEIIAIBHOTO
BHCTEJICHHSI IPU3BOAUTS JI0 IIPOCSKHEHHS TU1a3MH, (iOpuHy i
(GopMeHHX €EeMEHTIB KpOBi y HpOCBIT aimbeeod. [lo-apyre,
NPOLIEC  CYNPOBOIDKYETbCA ~ HAOPSAKOM  PECHipaTOPHOrO
eMiTeNiio, M0 € pPe3yslbTaTOM MiABUIICHHSI MPOHUKHOCTI
CTIHKM CyAWH Ta MiJBUIICHHSAM BHYTPIIIHBOKAMUIAPHOTO
THCKY.

Korouosi ciioBa: romonucTein, rineproMonucreineMis,
JIETeHi, aIbBEOJIOIMTH, MITOXOHJIPIi.
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B YCJOBHUSAX TNIIEPTOMOIIMUCTEMHEMUN
Cambopckas 1.A., MaeBcknii A.E., Aragonos K.M.,
Koanbuyk A.H.

IIpoBeneHo paeTanmbHOE 3NEKTPOHHOMHKPOCKOIHMYECKOE
HCCIENOBAHUA CTPYKTYPHBIX KOMIIOHEHTOB JIETKHX KpBIC B
Bo3pacTe 1-2 mecsma B yCIOBUSX THUIIEPTOMOLUCTEHHEMHH.
Obpamaer Ha ceOs BHUMaHHUE, HAINYNE B IPOCBETAX AJIbBEOJI
0O0JIBIIOTO KOMHYECTBA (DHOPUHA U SPUTPOLUTOB B OKPYKEHUH
JJIEKTPOHHOIUIOTHOTO  CyOcTpara, 10  KOHCHUCTCHIMH
aQHAJOTMYHOIO IUIa3Me KPOBH, 4TO, OYEBHIHO, CBS3aHO C
YMEHBLICHHEM Cyp()AKTaHTHOW IUIEHKM B ajlbBeolax M
MOBBIIIEHUIO  TPAHCCYJMALMH JKMIKOCTM U3  KalWUIIPOB,
PaCHONIOKEHHBIX B MEKAlIbBEOIMSIPHBIX  MEPETOPOIKAX.
CrenudraecKuMI MpU3HAKAMH JUIS 3TOTO CPOKAa — HAINYHE B
aNBBEOJSIPHOM ~ IIPOCTPAHCTBE TPAHCCYZAATa, COJICpIKaIIuid
OelKM TUIa3Mbl KpOBM M (UOPHHOBBIC BOJIOKHA, CIIAK-
(eHOMEH, KOTOPBI IPENSATCTBYeT KPOBOTOKY ¥ OTEK
pPECIMPATOPHBIX aJbBEOJIOLUTOB. Y MOJIOABIX IKMBOTHBIX,
MpEeXAe BCEro, M3MEHEHHs MPOUCXOAAT B a3pOreMaTH4ecKHit
Gapbepe. OHHU CBsI3aHBI C OJHIOTEIHAIBHOW IHCOYHKIMEH,
KOTOpas B CBOIO odepenb OOyCIOBICHA  JOKaIbHON
JleCKBaMaIiell SHIOTENNOIUTOB, W3MEHEHUSIMH B CTPYKType
0azanpHBIX MeMOpaH, HUX pa3pbeIXJICHHEM, B pe3ylbTare
HapyIICHHUS IIOCTIOMHOCTH UX CTPOEHHS U 00TYpaIUy IIPOCBETOB
KanWwULIPOB (GOPMEHHBIMH dJieMeHTaMH KpoBu. [ToBpexxaeHus

LEJOCTHOCTH  DHIOTEIHAIBHOIO  CJIOS  NPUBOAHUT K
MIPOMOTEBAHUIO IJIa3Mbl, (puOpHHA U (HOPMEHHBIX IEMEHTOB
KpOBU B  IPOCBET  albBeOJ.  Bo-BTOpBIX,  mpolecce

COMPOBOXK/IACTCS OTEKOM PECHHPATOPHOIO IUTEIHS, SIBISIETCS
PEe3yJIbTATOM IOBBILICHHUS MPOHUIIAEMOCTH CTEHKH COCYAOB H
MOBBIIICHHEM BHY TPHKATIMILISIPHOTO TABICHUSL.
KiroueBble c10Ba: TOMOIWICTEHH, T'HIIEPrOMOIMCTECH-
HEMUS, JIETKHE, TbBEOJIOIUTHI, MUTOXOH PHH.
Peuenzent €pomenko I'.A.
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