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HA UHCTUTYTA 10
EKCIEPUMEHTAJIHA
MOPOOJIOIUS, NATOJOIMS U
AHTPOMNOJAOIMS C MY3EH [TPU BAH

Io3opasumenen aopec

YBAXAEMHW KOJIEIH,

3a MeH YJOBOJICTBME W IIPHATHO 3bAbDKeHHe ja B rosapaesg or
uMeTo Ha PBKOBOACTBOTO Ha bbiirapcka akajemMust Ha HAYKHTE U JIM4HO OT
cBoe uMme, no ciayvaii 60-roauuinnsg o6uneil Ha Bauus uHcTHTYT.

HMHCTUTYTBT MO eKcriepuMEHTAIHa MOP(OIOrUd., nNartonorus U
AHTPONONOrKs ¢ My3ed uma DoraTta HCTOPUA N TPAIULUUH, YHHTO KOPEHH ce
KPUAT B cpejata Ha MHMHaIMs BeK. HelroBHTC OCHOBM Ca HOJOKEHH CBC
cb3AaBaHeTo Ha MHCTUTYTHTE 1O EKCMepiMEHTalIHa MeJHIMHA M 110
EKCNepUMEeHTAIHa BETEPHHAPHA MEIHUHHA, YHHTO NpaBONpPHEMHHK JHEC €
Bauius nHeTuTyT. TyK € MACTOTO j1a M3pass HALIETO TOAAMOTO YBAXKCHUE U
IIOYMT KbM eJIOTO HAa OCHOBATENMTE HA MUHCTHTYTa — AKald. AceH AceHoB
Xaaxuonos M Akaa. Kcenodont MBaHOB, M3TBKHATH W IPH3HATH YUYEHH B
obacTTa Ha ekcriepuMeHTanHara MOpAOAOTHs U MATONOTHSATA.

[ecTieceT rOAMHH ca €AHOBPEMEHHO MHOIN0 M MaNKo Bpeme 3a
€AHH WHCTUTYT. MHoOro ca or brbla Ha PETPOCNEKTHBHUS aHaiu3 Ha
MOCTHI'HATHTE PE3YATATH, MAJIKO €a OT (vielHa TOYKa Ha IPeICTOAUIHTE
MporpamH, aMOHLIMK H NEPCNEKTURH. Bbnpeku MHOFOTO
npean3sukaresncTsa Ha Bpemeto, MEMITAM Buuaru e 6ui1 aBTopuTeTHa
Hay4yHa  MHCTHTYLMf, KOATO  M3BBPUIBA  CbBPEMEHHA  HAY4YHO-
H3CNE0BATENICKA M eKcnepTHa [AeHHOCT B objacTTa Ha KJETb4HAaTa
MOophONOTHS M [ATONOrMsi, aHTPOUONOTHATA M My3eHHOTO Jerno.
HauvoBanHMAT aHTponosoryueH Myseif e JOCTOSH Tasuren Ha

KUTE



HALlHOHATTHATA MNaMmeT W HiaeHTHYdHOCT. OCHOBaHME 73a ropaocT H
yJIOBIIETBOPEHHE ca He camo BainTe BUCOKH HayYHH NMOCTHKEHHS, HO U
[OPUJIOKEHUETO MM B MEIHUMHCKATa W BeTepPHHAPHO-MEAHIMHCKATa
MpaKTHKa, B OHOTeXHONOTHHTE U OU3Heca.

PorosoactBoTo Ha BAH BHCOKO ouenssa noctursaTtoTo ot Bac u
Bu noxenasa 37page, ycnexy, NOn30TBOpHA paboTa, HOBY NIEPCICKTHBH ¥

3aBOCBAHUA.

C YBAXEHUME,

MPEACEJATEJI:

faxan. Ctedan Bonenu pg?a/
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Editorial

JTOKJIA ]
60 romnan UEMIIAM

WHCTUTYTBT 110 eKCrIEpMMEHTATHA MOPHOIIOTHS, TTATONOTH U AHTPOTIONOTHS € My3el
(MEMITAM) e cp3naneH Ha 1 ronu 2010 r., kato npueMuuk Ha MHCTUTYTA 10 €KCnIepH-
MEHTaIHa MOP(HOTOTHS U aHTPONOJOTUS ¢ My3eil U MHCTUTYTA MO eKCIIeprMeHTaTHA
[ATONOTUs M NAapa3suToiorud. 3aj Ta3u Onu3ka gata obade ce Kpue Gorara HCTOpUS,
3aro4Haia Oule B cpefiaTa Ha MUHANIUS BeK, KOraro B ABC IMOCICAOBATEIHH TOJAMHHU Ca
OCHOBaHH MHCTHTYTBT Mo ekcnepuMeHTanda meaunuaa (MEM, 1947 r.) u MHCcTHTY TBT
M0 eKCIIEpUMEHTANIHA BeTepuHapHa MeauuuHa (MEBM, 1948 r.). 3agaunte Ha jaBara
MbPBH GHOMETMLIMHCKY HHCTUTYTA € Ja pa3paboTBaT akTyalHH BOPOCH H Jia MOAIO-
Marar KIMHHYHaTa 1 BeTepUHApHO-MEIULMHCKa npakTHKa. He cien abaro npes3 1953 .
Ha ocHoBara Ha CeKLHUA [0 XMCTOIOTUS U eMOPHONOTHA KbM MHCTUTYTA MO eKCrepH-
MEHTAaJIHa MeJUIMHA € yupeleH MHCTUTYThT o MopdhoIoTHs, YHSTO 3a1ada € Ja pa-
Goru BBpXY NMpoOneMu B 00nacTra Ha MOpGOIOrUsaTa U auTpornoiorusra. [lpes 1986 r.
TOH € npenMeHyBaH B MHCTHTYT no kieThuna Guosiorus U mophoaorus. [pes 1995 r.
cresl BIMBaHE Ha JIHCTUTYyTaTa 3a H3yuaBaHe Ha Mo3bKa M Ha lleHTpannara aboparo-
pHs 10 pereHepanus ce cb3gaBa MHCTUTYTHT No ekcnepuMenTanHa MophoIorus u as-
TPOIOIOIHs, [10-KbCHO NPEUMEHYBaH B UHCTUTYT MO excriepuMeHTaiHa MOPOTOTHS
U aHTpononorus ¢ Mysei npes 2006 r. YeropeaHo ¢ Tosa 1o cBos OsT BbpBH H UEBM,
KoiiTo npe3 1964 1. ce mpeBpbina B UHCTUTYT 10 CpaBHHTEIHA MATOIOTHA HA XKHUBOT-
HUTE, a pe3 1973 . — B UHcTUTyT No o611a u cpasautenna narojiorus (MOCTI). Tipes
1994 r. ob6enunenuero Ha MOCII n MHCcTUTYTa O MAapa3sHTONOrHg BOMU A0 NMOsABaTa Ha
WHcTrTyTa 110 €KCIIEPUMEHTANIHA NAaTONOrMs U MapasuToNorus. [TbpBUTe AUPEKTOpH
CBOTBETHO Ha MHcHTyTa no mopdonorus u MHCTUTYTa MO CPaBHUTENHA MATONOTHA
ca akal. AceH HBanoB Xamxnonos, n akaj. Kcenodour MBaHoB, 4MHTO rOMITHUHH
qecTBaMe B HacTosmara 2013 roquraa — 110 roauHu oT poskaeHUETO Ha akaa. Aced .
Xamxuonos u 115 rogunu ot poxaenuero Ha akaa. Kecenodont Meanos. [1pes roqunu-
Te AupeKkTopH Ha MHcTUTyTa 110 Mopdonorus ca Gunu akaa. Aced Msanos XapkuonoB
u ipo¢. ean Topanos, na MHCTHTYTa 110 KiIeThYHA GHOIOTHS M MOPQOIOTHS — aKa.
Acen AcenoB Xamkuonos u wi.-kop. Mopaan HMopaanos, Ha VIHCTHYTa IO eKCIIEpH-
MaHTaJIHa MOp¢oIorusg ¥ anTponosorus — 4i.-kop. Mopnau Hopnanos. [entpanaara
Ja0opaTopHus N0 pereHepanus ce e ppKkoBoaena ot wi.-kop. I'eopru I'e1s60B 1 mpod.
Credan ManonoB, a IHCTHTYTHT 3a M3y4aBaHe Ha MO3bka — OT npod. Jlroamun ['uuos
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u npod. Buona Bypuesa. Jupexkropu Ha MHCTUTYTa 10 0611a ¥ CpABHUTENIHA [IATOJO-
rus u UEIIII ca Ounu akag. 3axapu Mnaznenos, npod). Hukona Cotupos, un.-kop. Onra
[onaxora, npod. Mnapuon Snues, mou. Ceerocnas UsanoB U npod). Mmns Bankos.
OcHosaren Ha llenTpanHara naboparopus no xeamudTonorHs npes 1954 r. ¢ npod.
Koncrantun Marog, KOATO B 110CJI€/ICTBHE C€ PBKOBOIM OT akajd. MBaH Bacuies u .-
kop. Onra Ilondkoga.

BrirodeH B HanpasieHue ,,bHoMeniMHa 1 KaueCTBO Ha KUBOT, gHec UHCTHUTY-
THT [0 €KCIIEpUMEHTaHa MOP(OIOrus, NaTonorus ¥ aHTponojorus ¢ mysei-BAH ce
0YepTaBa KaTo YHHUKaIeH MO CBOATA TEMATUKA WHCTUTYT, B KOHTO CE NPOBEKAAT KOM-
TUTEKCHU (YHAAMEHTATHH ¥ HayYHO-TIPHIIOKHH M3CJICABAHMUS B 00JaCTTa Ha XyMaHHATA
U BeTepHHapHaTa MeIMLIMHA, B TOBA YHCI0 MOPGOIOTHS, KICThYHA 6HOTOTHS, ITATONI0-
I'Ms U aHTPOIOIOTUs, MMALUK CBLIECTBEHA POJIS MPH PellaBaHe HA BAXHM 3APABHU U
JeMorpagdcku podIeMH.

B oGnactra Ha ekcriepuMmeHTanHara MOpGhOIOrs ¥ NATOOIUs Ce MPOBEKAAT U3-
CJeABaHMA 3a U3ACHIBAHE Ha MATOreHe3ara Ha COLMAIHO-3HAaUNMHU 3a00/1sBAHUS- 1eTe-
HEepaTHBHH, PAKOBY, aBTOMMYHHHU 3a00s1iBaHus U uHbepTHInTeT. C BAXKHO KITMHHYHO
3Ha4YEHHUE € UAeHTH(HHLHPaHeTO Ha OHOMApKEPH U pa3paboTBaHe Ha MHOBATHRHH TIO/1-
XOAY W METOIH, [IPUITOXKIMH B IMarHOCTHKATa Ha Te3M 3aboisaBanus. OT 3HaYeHUE 3a
BeTEpPUHApHATa Me/IMLIMHA ca JeHHOCTHTE 110 Obp3aTa HAEHTH(UKALIMA U XapaKTepH3H-
paHe Ha HOBOBB3HUKHAIIM aKTYaldHH 0OJECTU MO KHBOTHUTE OT 3apaszHO M Mapa3sHTHO
€CTeCTBO, KOMTO ca CBIIPOBOJIEHH C IOJIeMH CTOMAHCKH 3aryOou.

OT byHIaMeHTaIHO 3HAUCHUE Ca U3CNICABAHUATA BBPXY KIEThUHUTE U MOJIEKYJISIP-
HU MEXaHU3MM Ha JeHCTBUE HA €HAOTEHHU U €K30TeHHH dakTopH (HU3UIHHU, XUMUYHH
areHTH, XOPMOHH U LUMTOKHHH) BLPXY HEPBHATa, MOJIOBAaTa M KpbBHATa ThKaH. M3yda-
BaT Ceé MOJEKYJISPHO-TeHETHYHHUTE MEXaHH3MH Ha KaHlleporeHe3aTa, MeXaHH3MHTe Ha
UMYHHUS OTTOBOP B HOPMA H [TAaTOJIOTHA, CIOKHUTE MEXaHH3MH Ha B3auMOAeiCTBHE Ha
cUcTeMaTa Mapa3uT-rocTONPHEMHHUK, KaTo OHOMHIMKATOP 32 aKTyallHOTO ChCTOSAHUE Ha
OKOJTHaTa cpena.

B uHCTHTYTa Ca H30MMpPaHH HSKOJIKO OPUTHHAJIHH OHKOTEHHH PETPOBHMPYCHH Ila-
MOBE — KaTo pe3yJITar oT IBJATOroAuIIIHa paboTa BepXy mpobaema 3a JieBko3a 1o 6o3ai-
HUIIK ¥ OTHIM U TAXHATA YHUKAJHOCT € NMOTBbP/eHa 0T YY/KIeCTpaHHH T1ab0paTopuH.
Ch3aaeHH ca KIETHYHH JIHHHU C TIOTEHIIHATHO NPHIOKEHHE B OHOTEXHONOrMYHAT
MIPOMUIIIEHOCT — 33 TECTBaHe Ha OHOTpenapary U JISKapcTBEHH ¢pe/cTsa. PaspaboreH
€ KOMIUIEKCEH MOAXO0A 32 OLECHKa 6e3BpeJHOCTTA Ha XUMHYHH CheJIMHEeHHs JIEKapCTBe-
HU CpPeICTBa, XpaHH 1 OMONOTHYHO aKTMBHH BEILECTBA ¢ MPUPONEH MPOU3XO.

B obnacTra Ha MeJUIIMHCKATA [TaPa3HTONIOTHS C€ U3BBPIUBAT KOMITJICKCHH H3CTe/1-
BaHHS BBPXY €NMAEMHOJOTHATA, MATOreHe3ara, UIMYHHTETa, KITHHUYHUTE MPOSBH U
JUArHOCTUKAKA HAa Mapa3suTOo3W MpH IOMAIUHH W AMBH KUBOTHH. OcobeHo MACTO ce
OTJETISl Ha TPUXMHEN03aTa — e/lHa OT HAl-pa3NpOCTPaHEHUTE ONAcHU 300HO3H. Pazpa-
OOTBAT Ce U ce M3MUTBAT HOBU METOIH U CPEACTBA 32 Hpo(UIaKTH, Tepanus U KOHTPOJ
Ha [apa3suTo3H, B T.4 CbBPEMEHHH BUCOKOE(EKTHBHH MPOTUBONAPA3HTHH CPEICTBA.

B obnactra Ha MakpoMopdoTorusTa, KaKkBaro ¢ aHTPOMOJIOTHSTA Ce IIPOBEXKIAT
MalabHU H3CiIe/IBHUS Ha ChBPEMEHHOTO HaceleHue Ha Penybmuka Bwarapus u na
KUBSUIMTE B MUHANIOTO XOpa MO HAIIKTE 3eMH. YCMEMHo ¢ peanusupana HaunoHa-
Hara MporpaMa ,,AHTPONOIOTHYHA XapaKTepHCTHKA Ha OBJITapCcKus HapoA B Kpas Ha
XX ek. B obnactra Ha QU3MUecKaTa aHTPOIONOrUs 3¢ U3BBPUIBAT Mall[abHU aHTPO-
MIOMETPUYHN M3CIEABHHMA Ha >KMBOTO HaceleHue Ha bwirapus, ¢ orien Ha 3apaso-
CIIOBHOTO MY CBCTOSIHMHE U TpyAoB noTeHUMan. [IpegocTaBar ce aHTpOIOMETPUYHH
HOPMaTHBH 32 (PU3NYECKOTO pPa3BUTHE HA Jella U MOAPacTBALH, KOETO € 0COOSHO akK-
TyajHO JHEC, OT TMIeJHa TOYKa Ha MpobremMa chC 3aTIbCTIBAHETO B PaHHA BB3PACT.
PazpaboTBar ce aHTPOIOMETPHYHH MapKepH 3a AUAarHOCTHKA Ha pa3jiudHu 3abound-



BaHUA. B NPHUIOKEH acmeKT ce MPeIOCTABAT NAHHH OT 3HAYCHHWE 3a OPTONennsATa U
TPaBMaTOJIOTHITA.

XapakTepu3dpaHe Ha aHTPONOTCHETHYHATA HICHTUUHOCT HA ObJrapuTe B MUHA-
JIOTO Y JHEC € MOCTBT MEXKY aHTPOTONOTHSATA Ha )UBOTO HACCICHUE W [AICOAHTPO-
MONIOTUATA. AHTPOIIOI€HETHYHATA XAPAKTEPUCTHKA Ha OBIIrapuTe, 00eKT Ha MEAMHEH
UHTEPEC, NPENOCTABS TEHETUYHU JOKA3aTelICTRA 32 Pa3BUTHETO HA OBJIrapCKHsi, pecl.
eBponeiickua reHoGoH 1 B eBOTIONMATA.

Haumonanuusar anrpomonoruue Mysed (HAM) € yHukaaHa Hay4Ha, KYITypHA U
obpa3oBaTeHa HHCTUTYLIUS, OTKPHT mpe3 2007 1 Ha OCHOBATA HA IIOCTOAHHATA AHTPO-
IONOTMYHA €K3MO3UIHA , {OBEKBT B MUHANOTO™ ¢h3/TazeHa npe3 1997 r. Mysest npen-
CTaBd OPWUTHHAIIHH TINaCTHYHHM PEKOHCTPYKLMM HA IJ1aBaTa [0 4Yepena Ha OenexUTH
OBJIrapy M OPUTHHANHHM EKCITOHATH, PE3YITAT OT ABJITOTOAUIIHY H3CIEIBAHUA HA KOCT-
HH OCTAHKH, HAMEPEHH TIPH apXeONOTHUECKH Pa3KONKH B HallaTa crpana. [IsTyBammsaT
BapuaHT Ha HAM rocryBa B pernHoHamHUTE ME3yH B CTpaHaTa Karo HOIMYIApU3upa A
CBXPAHSBA HALIMOHAJIHOTO HACJICICTBO U YTBBPKAaBa My3eHHOTO AeT0.

KakTo cTaBa CHO OT U3JI0KEHOTO 10 TYK HayUHO-H3C/IeAOBaTeIcKara mpobiemMa-
tuka Ha UEMITIAM e B chOTBeTCTBHE C HALIMOHATHUTE W €BPOIECHCKH HPHOPUTETH
— ,,3ApaBe”, ,,0830MaCTHOCT Ha XpaHHU™, ,,0KO/IHA CPeaa‘, ,,KyITYPHO-HCTOPHUECKO Ha-
cneacrso’. TeMarukara ¢ B Cb3ByUHE ChC CTPATErHYECKHTE HANPABIeHUA U QYHKIHO-
HajHu npuopuTeTd Ha BAH:

1. ,HAYKATA — OCHOBHA ABUTATEJHA CHUJIA 3A PABBUTHUE HA HA-

LIMOHAJTHATA MKOHOMHWKA U OBIUECTBO, BASUMPAHU HA 3HA-
HUA*

2. ,HAYYEH ITOTEHIHUAJT H U3CJIEAOBATEJICKA HHOPACTPYKTYPA
—YACT OT EBPOTIEMCKOTO U3CHEJOBATEJCKO ITIPOCTPAHCTBO*
—IIporpama 2.3.  KauecTBO Ha KHMBOTA ¥ HHTEPANCIMILTHHAPHH H3CAEIBAHUA
Ha YOBEKa W XKMBaTa npupoaa’

3. ,HALUMOHAJHATA HWJIEHTUYHOCT WU KYJITYPHOTO PA3HOOBPA-
3UE B EBPOIIA U CBETA* — Ilporpama 3.2, ,Hcropus nHa ObJarapckute
3em#, bearapus u 6barapure’

JHec HayuyHO-H3caenoBaTenckara AeiHoct B MHcTuTyTa € oprann3upaHa B 4
cexuuu — ,,Excniepumentanta mopdonorus™, ,Ilaronorus®, ,Jlapasuronorus™ ,,Au-
Tponosiorus ¢ HAM®. B UacTutyTa padorat 90 ydeHH U CICUHATHCTH C BUCIIE 00-
pasoBaHue, OT kouTo 6 npodecopu, 18 gouenrtu, 16 . acuctentu u 19 acucTeHTH.
JoxTopu Ha HaykuTe ca 5 1 36 yueHu ca ¢ oOpa3oBare/iHaTa W HaydHa CTEMNeH ,,J0K-
Top®. MaauTe yueHHn H cneunaancTu ca oauso 40 %. B yciaosus na ¢unancosa
kpu3a 3a bAH u Hayunurte u3cnensanus B buarapus MEMITAM ce pa3zpuBa ycnenrso
[pe3 [MOCNeAHUTE TPU FOAUHU, C HApACTBAIlla HAyYHA NMPOAYKLHS, 3aMUTEHH qUCep-
TalUU U KapHEpHO H3pacTBaHe. B T03u nepuoa ca ny6iaukysanu Hag 500 cratuu n
ca orbesszanu 6im3o 800 uurupanus. 3awureHu ca 15 gokropcku Te3u. Hayuno-
u3cieaoBaTelIcKaTa JeHHOCT 3a MOCIEAHUTE 3 TONMHU ¢ PUHAHCHpaHa MO JTUHHSA HA
EC - 3 npoekra no OI1 ,Hoseuikn pecypeu — 2 npoexra, or HOHU — 30 npoexkra, ot
qyx/ecTpaHHu goroBopu — 13 B T.u 8 mo EBP. Ycneuno MexyHapoqHOTO ChTPYAHH-
YEeCTBO CE W3BBPIIBRA C IPECTHXKHH HAyYHH LIEHTPOBE H YHUBEPCUTETH BbB Benuko-
Opuranus, ['epmanus, ABctpus, Utamus, Pycus, JIursa, JlatBus, Pymbaus, Eruner B
paMmkuTe Ha EBP ¥ MeXIyHHCTUTYTCKH JOTOBOPH.

» B nanuonanen mamad UEMIIAM pa3suBa MIKMpOKO ChTPYAHUUYECTHO c: Bu-
cun yuynianma — Meauuunckure u BerepuHapHo-MeaMUHHCKH GaKylnTeTH B
ctpanata (Codms, Ilnosnue, Bapra, Crapa 3aropa, Ilnesen), BXTY, Xumu-
yeckd U buonornueckn cakynrer va CY ,Ki. Oxpunacku®, bBuonoruuecku
tdaxynrer ua [1Y 1. Xugengapcxu®,



» LlenTpoBe W areHunM — HarmoHaneH UMarHOCTHYEH BETEPHHAPHO-MEIHITHH-
CKHM MHCTUTYT, Halmonanexn ueHTHp Mo 3apa3Hd U mapa3utHd Oonectd, Ha-
LIUOHAJIEH OHKOJOTHYeH LeHT®P, BABX. B nociemnure cenmunu ce odopmu
CBTpYAHUUYECTBO ¢ PernonannuTe akageMuynu neHropse B [Lnesen u Pyce.

» Ynupepcurercku onnunn 1 Knuaukn — Ajekcanaposcka 6onuuia (KoxxHa
KiIuHKKa, EHokpuHOIOrnyHa, Yponornuaa knunuka), CBAJL ,,Ceetn Haym®,
AT'BAIJL ,,Ceera Codus, BAJl ,,Jlosepue*.

» @®upmu — Buranea OOJI, buoget Ietuepa

W He Ha nociieHO MACTO UCKaM [a 0T0eJIeKa MOM30TBOPHOTO CHTPYAHHYECTBO Ha
WEMIIAM c¢ opyrd UHCTUTYTH OT AKageMHsiTa —MHCTHTYTUTE 110 Heppobuonorns,
MuxkpoGuonorus, Monekynspraa éuonorus, UBUP, UBEHU, UOHX, MOLI®X, MuHcTH-
tyT 1o Honumepu, UnctutyT no Enekrponuka, UHCTUTYT o OuoMexaHuka, UHCTUTYT
Mo ApXeomnorusl.

MucTuTyTHT NONMyASIpU3Npa HAYTHUTE MTOCTHXEHUSA Ha LjiaTa MOp(doIoruiHa Ha-
y4Ha OOLHOCT B bbarapus upes NepUOAMYHOTO U3JaHWE HA aHDIMHCKU €3UK — Acta
morphologica et anthropologica, 3anounana csost meT ome npe3 1953 1. karo NU3Bectus
Ha UucTuTyTa o Mmopdonmorust. UHCTUTYTHT € Opranu3atop Ha HALHOHAITHUTE MOpGhO-
JIOTUYHH JHH U CHOPTaHH3aTOP HA HALIMOHAIHUS KOHIPeC Ha bBparapckoro aHaTOMUTHO
IpykecTBO. OTHEUaTBaT ce U ABE KHIKKW roaumuo Ha COopHuLMTE OT paboTHUTE
Cpelly, opraHu3upanu oT uHcTutyTa — Workshop o ekcriepuMeHTaIHU MOZENH U Me-
TonM B OMOMeIUUHUHCKHTE u3cienBaHus U Workshop no GHomorudna aKTHBHOCT Ha
METAIIUTE, CAHTETUYHH M IPUPOAHN IPOIYKTH.

U taka — MHOTO UK Maiko ca 60 rogunu? MHOTO ca OT mienHa TOYKa Ha IIOCTUT-
HATOTO — OCHOBAHHE 3a TOPIOCT M YAOBIETOBOPEHHSI B AHCINHUSA JieH — 3a 60 roguniHa-
Ta cu uctopus B MHcTuryTa ca 3ammreny Haj 160 nokTopcku Te3u 1 35 aucepranuu
3a TOKTOp Ha HaykuTe. OTneyaTaHu ca 65 MOHOrpaduH U KHUTH, YOeIeHO MOXKEM A
KaxkeM, e ¢ HayudHo-u3cienoBaresckus cu noteHnman MEMITIAM zaema nocToitHO
Msicto B BAH u cpen HayuHaTa oOLUIHOCT y HAaC U B uyxOuHa. Berpeku mpeau3Bukaren-
cTBara Ha BpeMeTo MHCTUTYTHT ycrisiBa 1a IPUBAKWYA U 3aAbpikKa MJIaAUTe CH Kaapu. B
JHELIHUS TPA3HUYEH JEH TYK CE€ CPellaT MBIPOCTTA HA OITUTA HA MOKOJIEHHS! U3ThKHA-
TH YY€HH U ONTUMHU3MBT Ha MaaxocTTa. e ru npeHeceM BbB BPeMETO C HAAEKIH 3a
opacuiero. e uma Tpaitna ciena cien nac u uie octasum UEMITAM B no6pu phle.

19.11.2013 r. IIpod. n6n Huna AtanacoBa
Codus Hupekrop na UEMITAM-BAH
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Ho npod. n.6.H. HUHa ATaHacoBa
Oupekrop
MHCTUTYT NO eKcnepuMeHTanHa
Mopdonorusi, NaTonorus u
aHTpononorus ¢ myseu npu BAH

Ysaxaema npoch. AtaHacosa,

OT wumeTo Ha pbBKOBOACTBOTO W KonektuBa Ha WHctutyta no
BuopasHoobpasne n ekocncTeMHmn nscnesanus npu BAH Bu nosgpasssam no
cnydan vectBaHeTo Ha 60-roguiuHMHATa OT OCHOBaBaHETO Ha WHcTuTyTa no
ekcnepumeHTanHa MopdoNnorna, nNaTomnorvs M aHTPONOMorUs C My3en npu
BAH.

M3amuHanuTe rogvHn Ha TBOpYeCKa wu3cnefoBaTencka paGOTa M
NOATOTOBKa Ha BMCOKOKBaNuuLnpaHi kagpu yTBbpANXa BaLLKUA UHCTUTYT KaTo
€AnH OT OCHOBHWUTE UEHTPOBE Ha bromeauUmHCKnUTE HayKkn B bvnrapns n
3abenexnm Hayu4eH UeHTHBP B MeXAyHapoaeH nnaH.

YKenas Ha Bac v Ha BawuWTe KOMern MHOMO 3fipaBe, TBOPYECKK yCnexu,
NbAHOUEHHa nacnegosartencka pabota B nonsa Ha Haykata n obLiecTsoTo,
KakTo U ODLIECTBEHOTO NpU3HaHWE, KOETO BALUEeTO HayyHO 3BeHO HanbiHO
3acnyxasal
19 HoemBpun 2013 1.

C yBaxeHue:
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JAAPEKTOPA,

YYEHUTE U CJOYKUTEJIUTE
HA HHCTUTYT

IO EKCIIEPUMEHTAJIHA
MOP®OJOTHA, HATOJOTUS U
AHTPOIIOJIOTHS C MY3EHR

MHO3PABUTEJEH AXPEC

YBAKAEMA ITPO®. ATAHACOBA,
YBAXAEMH KOJIETH,

NOJAHACAM CbhPAEYHUTE NTO3/IPABJIEHUS HA YYEHWUTE
N CIHYXKHUTEJUTE OT HWHCTHTYT IO BHOJOIHSA H
HUMYHOJIOIUSI HA PABMHOXABAHETO ,AKAJA. KHPWI
BPATAHOB” - BAH 3A BAIIATA 60- TA TOJUIIHUHA C MHOT'O
PAJTOCT 1 BIBXHOBEHHE.

PAJOCT 3A TOBA, YE BCE OLIE HH HNMA, YE BCE ONIE
YCIISIBAME JA M3NBbBJIBAME JECETHIETHITA CH CbC
CEPHO3HA PABOTA MU NNIOCTUTHATH 3HAYHMH PE3YITATH
BBHB BPEME- TPYJHO 3A BbJIAPCKATA HAYKA.

BABXHOBEHHUE OT TOBA, YE B PABOTATA HH IO
HANIPABJEHUE ,BUOMEANLUHUHA U KAYECTBO HA XKHUBOT”
HUMAME TOJKOBA CHIEH, KOPEKTEH H CEPUO3EH ITAPTHBOP.
JOKA3AXTE I'O HE CAMO C BAIIATA PABOTA, HO 11 C BOJITA
AA NPEBBLPHETE ®OPMAJIHOTO OBEAMHEHHWE B UCTHHCKO
EAMHCTBO, HMEHYBAHO UEMIIAM.

JAPATH KOJIETH,

C BAC JEJUM EJIHUH OBLI J0OM, KOETO HH [JIABA
HNPUBUIEIVSITA HA BJN3OCTTA JA BUXIAME, CJIEABAME U
PEIHABAME OBIIHUTE CH HAYUYHH 3AJIAYH, HO H A 3HAEM,
YE UMAME B3ANMHATA CH INIOJKPENA H CUT'YPHOCT.

BJATOAAPHM BH MU JKEJAEM  3JPABE, CHIA,
YCTORYUBOCT, MHOIO, MHOIO 4YOBEMIKO IHACTHE H
TBOPYECKO YAOBJIETBOPEHHE!

JHPEKTOREZ i1

MPO®. LA A ANAUE
i -~
zi



BhJITAPCKA AKAAEMHUSI HA HAYKHUTE
HHCTHTYT HO ®H3HOJIOT Wsi HA PACTEHMSITA H TEHETHKA

En. nowa: ifrg@bio21.bas.bg Hnrepuer: http://www.ifrg-bg.com/
Aapec: yn. “Axan. I'. bonues™, ba. 21, 1113 Codun

Jupekrop: 02-8728170; 3am. Jupexropu: 02-9792611 wmm 02-9746228 u1p. 348

NO3APABUTENEH AAPEC

10 KONEKTUBA HA MHCTHUTYTA NO
EKCNEPAMEHTANTHA MOPDONOMNA,
NATONOMNA ¥ AHTPOINONOTNA C
MY3ER BbATAPCKA AKAAEMWA HA
HAYKWTE

Ysaxaemu Koneru,

3a MeH e ronsiMa 4ecT v YAOBONCTBME Oa Bu NpUBETCTBaM no nosos 60-
rogMHu 0T OCHOBAaBaHETO Ha WHCTUTYTa RO eKcrnepuMeHTanda mopdonorus,
rnaTonorus U aHTPOroNorns C My3elk Npu Bbirapcka akageMus Ha Haykure.

Mpes3 naMuHanuTe roguHK BUe M3rpaauxTe ¢ MHOFO 3HaHWUs U BCeOTAARHOCT
UHCTUTYT ~ CUHOHUM  Ha NpodecnoHanusbM 1K akafeMudHoCT. BucokaTta
KBanuuKaumnn Ha BalUsA KONEKTUB 33BOIOBA 3aC/TYXKEHO YBaXEHUe U NnpusHaHue
B Gbrirapckarta M MeXAyHapoAHa HaydHa OBUHOCT Cbe 3abenexuTenHy ycnexum s
obnacrra Ha ekcrnepuMeHTanHarta Mopgonorda, MnaTtonorus 1 aHTPONONIOoTUS.
HayunuTe n npaxtudecku paspabotkn Ha yudenute oT WHCTUTYTA Hamupar
BCeobWO MPU3HAHUE W HNE Ce OTHACAME C YBaXeHUe KbM BCeoTAalHus By Tpya U
UCKPEeHO Ce paasaMe Ha satinTe NocTYKeHus.

MoxenaBame 81 NO-HATaTbLLIHK TBOPYECKM YCNEXM U NAOAOTBOPHA AEHHOCT
33 Pa3BUTUETO Ha BbArapCKaTa Hayka U NPoCnepuTeTa Ha GbLArapcKUTe yueHu!

Yecrur npasmmk!

Cotus Npodecop CHé‘»{am(ﬁa‘ Boxue
19.11.2013 r. Aupexrop Ha UHCTITYTE No duamonorus
Ha pacTeHusaTa U reHetTvka - BAH
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Do  Dupexmopa na Hucmumyma no eKCHEPUMERMAING
MOpPOAOZUS, BAMOAOZUS U AHMPONOAOZUR C Myseil npu
BoA2aPCKE AKGOEMUA HA HAYKUME

JIO3DPABHIITENEH ADPEC

Veaxaema 2-X0 Dupexmop,

CKpnu Koaezu u zocmu,

PvKpeodcmeomo 1 KoaeKmusvbm Ha  Hucmumyma  no
mukpobuorozuss  “Cmegpan  Anzeros” maii-copoeuno nosdpassisa
yuenume u BCUMKY CAYKUMEAL Ha HHcmumyma 1o eKcnepumenmaina
MOpoArO2US, NAMOAOZUR U aHmponorozus ¢ Mmyseil npu BvazapcKg
aKgoemus Ha HAyKume no caywait 60 z00ummunama om He2080moO
ocHosasane, 115 z200unu om poxdenuemo na axademux, Kcenogonm
Heanos u 110 z00unu om poxgenuemo na axademux Acen XadxKuoros!

llesu  saberexumeanu  zodummunu, Koumo HEMILAM
ombeasiz6a Onec usmepeam nez06us 3a80106an asmopumem u ca 3HaK_3a
docmoiino u3ebpesn nvm, uszpadenu mpaduyuu u bvoeuse, usnvLAHEHY
C BUCOKQ 4Y6CMB0 HA OM2060PHOC U NPOPECUOHAAUZBM OM HE208UME
OCHOBAMEAY, BCUMKY OHEWHU U Ympewnu yuenu — u3cAe008ameAt u
CAYKUMEAL.

B OHewnus mbpKecmoen Oen axaO0eMuuHomo cemeiicmeo Ha
Hucmumyma no muxpobuorozus ,Cmegpan Anzeroe” cnoders
padocmma Bu, 3awomo Hamama obwa brazopoona mucus e edna —
docmolino Omcmoseane HA IHAHUSMA U MBOPHECKUME YMEHUS,
YMOEbPXKOAeane HA HAYUHUME UEHHOCMY, KOUMO cad no-mpaiinu u
BHAMUMU Om MPYOHOMO HU 6CEKUOHEBUe.

12



Jloxerasame Bu mnozo 3opase, meopuecKyu 0yX, MOA3OMEOPHA
paboma, eucoKg camouwyscmeue, HO6U OOCMUXEHUS U YCnexu 6
Hayunama deiinocm, 3a 0a 0OKgXem 0ocmoiinomo Macmo na Boazapus
8 esponeiicKama u céemosnama HayKg.

Yecrmum 10bureit!

19 noemspu 2013 2 Dupexmop na HMuxB-BAH: %%

Cogpust npogp. 0-p Xpucmo Haiidencxy, demnu

13



BbJITAPCKA AKAJJEMHWSI HA HAYKUTE
MHCTUTYT 110 MEXAHHUKA

Codmusn 1113, yn. "Axaa. I'. bonues”, 6. 4, Ten: +359 2 973 31 40, dpaxc:+359 2 870 74 98,
E-mail:director@imbm.bas.bg

pi (o

JAupexropa na MEMIIAM-BAH
npod. Huua Aranacosa, n6H
TYK

HHO3APABUTEJIEH AAPEC

YBaxaema rocnoxo Jlupexrop,

VpaxaeMu yueHu, mOperiofaBateld U cnyxkurend Ha HHcetutyta  no
eKcriepyMeHTallHa MOPQOJIOTHS, NaTONOTH U AHTPOMONOrHs ¢ My3eit kbM BAH,

3a MeH e 4YecT da Bu nosgpass or umeto Ha PwroBoactsoto Ha UHcrutyTa no
MexanHka KbM BAH u nndno oT Moe ume no cayuaih Bammst mpasauk — 60
rofuUIHHHATA OT cb3aBadero Ha IEMITAM.

[Mpez Tte3n roaunu, O6narojapeHse Ha BHUCOKHS CH  NPOGMECHOHAIHIBM H
TI040TBOpHATA cH paboTa, BalumsaT HHCTUTYT U HAayYHA KOJIETHS Ce YTBBPAN KaTo einH
OT Hal-NpeCTHXXHUTE Hay4yHO-M3cJIeNoBareNcku UeHTpoBe B bwnrapuss M 3aBoioBa
COJIHACH H Oe3CopeH aBTOPUTET ChC CBOUTE (hyHAaMeHTaIHH " Hay4HO-
MIPYWIOKHHU M3CieiBaHus B 001acTTa Ha XyMaHHATa Y BeTepHHAPHATA MeIUIIHHA, B TOBA
4uciio Mopdoliorus, KIeTbuHa GHONOrds, NATONOTHS W aHTPOIMONIOTUS, KaKTo M B

obmacTTa Ha o6yqemde"ro Ha CTYACHTY, JOKTOPAHTH H NOCT-A0KTOPAHTH.

19.11.13 r,, rp. Codust
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HHCTHTYT 110 HEBPOBHOJIOTHA

BBITAPCKA AKAIEMUA HA HAVKUTE

Aurextor: ITPow. 1-P PEHM KA1oHH
ya. “AxaA . BOHUER”, b1, 23, Coousn 1113
TEL 979-21-81; BAKC 8719-109

E-mail: neurobiology@bio.bas.bg URL: http/www.bio.bas.bg/meurobiology

Jlo3peasumeses AveEC

Ckbnu koneau u npusamenu

om MHcmumyma no ekxcnepuMeHmanHa Mopghosnozus,

namojsiogus U aHmponosnoaus ¢ My39(7

Bawuam cvced - Hucmumyma no Heepobuorozus

npu Boazapcka Axademus na Haykume
61 n030paessa ¢ 60-200uMHUA 6U POXJeEH OeH.

HcKpeno ce padeame na eauume ycrexu

U 6U NOXeAABAME HENPEKHCHAMO 04 21 YMHOXJBAME.

XKeraem eu ace maxa ¢ Henpecbxeaus eHmMyCUAIbM
0a pasnpocmpanseame ceemAunama Ha 3Hanuemo,
Kpenxo 30pase, meopuecKp 60vXHOBeH1LE
u dobpu, wacmausu onu.

YECTUT TTPAIHUNIK |

o

Rupektop: /.7

—
(Mpod. a-p Pern Kandun)
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WHCTUTYT 3A AAPEHU R
U3CAEABAHUS U SAPEHA EHEPTETUKA bV APCRL

ARAAEMHS B

npu BAH na HAVKHTE
fReer

ITO3APABUTEAEH AAPEC

Veaxaemo Pokosodcmso u ckvnu KoOAeZU
om Uncmumyma no excnepumeHmaina mopPoarowmus,
anmponorozus ¢ myseii-bAH,

Pvxosodcmeomo u caykumerume wa HWncmumyma 3a
adpenu uscaedeanus u adpena ewepzemuxa npu BAH naii-
copdeuno Bu nosdpasssam no cayuai 60-mama 200umnuna om
0CHO8aBAHEMO HA 8AULUA UHCIHMUMYM.

Usevpweanume om Bac ¢Pyndamenmarny u Hayuno-
NPUAOKHU  u3cAedéanus 6 obaacmma Ha Xymanuama u
semepuHapna MeduuuHa, napasumoarozuama, paspabomeanemo
Ha OJuarnocmuvnu Memodu 3a JezeHepamueHu, paxkoeu u
ABMOUMYHHU 3a00AA6AHUA  UMAM CDULECMBEHA POAA NpU
pewasane Ha 6aXHU 30paéHu npobremu u npobremu Ha
OKoAHama cpeoa.

IToxerasame Bu ouge no-zoaamu ycnexu 6v6 6auemo
HAYYHO nonputye!

] Aupexmop na UAMIE:

zp. Copusn, 19.11.2013 2.




bBJIFAPCKA AKAJIEMUSA HA HAYKUTE
HuctutyT no 6uodpusmnka 1 OMOMEAULIMHCKO HHKEHEPCTBO

1113 Codus, yn. Akaa. I'. bonues, 6. 21
Ten.: 029712264, Pakc: 02-9712493, , URL: www.http://biomed.bas.bg/

NO3APABUTEJUEH AAPEC

oT
HHCTHUTYTA 11O BUOPHU3NKA U BHOMEJUUUHCKO HHXEHEPCTBO
ITPH B BJTCAPCKATA AKAJEMHSA HA HAYKHTE
ao
HHCTUTYTA 110 EKCIIEPUMEHTAJIHA MOP®OJOI'US, ITATOJOIHA U
AHTPOITOJIOTHSI C MY3EN IIPU B BJITAPCKATA AKAJIEMHSI HA HAYKUTE

YBaxaema rocnoxo Jlupexrop,
YBaxaeMu KoOJery,

MMaMm yZI0OBONCTBUETO OT MMETO Ha BCHYKHM YUEHH U CNyXuTeau Ha MHcTuTyTa
no 6uodusnka 1 GHOMEULIMHCKO HHDKeHepcTBO npu BAH u nnuHO OT Moe uMme
Jda no3apass, Bac M BcuukM yueHW wu ciyxutend Ha HucTHTyTa 10
eKCepUMEHTaIHa MOPGhOOrus, NaToI0THs U aHTPOMOOIUs € My3€eH 110 N0BOA
Ha HeropaTa 60-Ta roAMIIHK1HA.

Bawns HWHCTHTYT u3BOIOBa 3aciyxeH aBTOpUTET cpell OHOJOrHYeCKUTe
uHctutyTd Ha DBAH. pasBuBaliku MeauxoOuonorMueckata Hayka Ha €IHO
BHCOKO HMBO M MOATOTBAHKHY BUCOKOKBATU(PHULIMPAHH MJIAAH HAYUHH KaJpH.

[Noxenasam Bu 3apase, BUCOK AyX, BOJIS U KOMNICTEHTHOCT, KakTo Ha Bac Taka
M Ha BCHYKH Ball¥ KoJeru, B umero Ha gobpoto Owvaeule Ha HHcTHUTyTa,
BrarapckaTa akageMusl Ha HayKUTe U Ha Objrapckara Hayka.

YECTUT I1P HK!

u.-Kop. Anjon P. Koces
pektop Ha MucTuTyTa o 6uoduznxa

6noMeaMUMHCKO NH)eHEpcTBO npu bAH

2 Acta morphologica et anthropologica, 20 17
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Congratulatory letters from Universities

MEIVILIMHCKY YHUBEPCUTET - BAPHA
~Hpod. x-p INapackes Cronsos”

Y. "Mapun Hpuros” 55, Bapra 9002, Benrapus
Ten. : 052/ 65 00 57, ®akc: 052/ 65 00 19

e-mail: uni@mu-varna.bg, www.mu-varna.bg

MEDICAL UNIVERSITY - VARNA
“Prof. Dr. Paraskev Stoyanov”

55, Marin Drinov Str., 9002 Varna, Bulgaria
Tel,: +359 52/ 65 00 57, Fax: + 359 52/ 6500 19
e-mail: uni@mu-varna.bg, www.mu-vama.bg

hite la, M. 26151

Hacrosmmre 1 GuBIIM CITy)KHTENH Ha

HuctuTyTa N0 ekcniepuMeHTaiHa Mophonorus,

NaToJorus ¥ agTponoiorus ¢ Myseit (MEMITAM)

Ipod. a-p Huna Aranacosa, 161, Jupextop na MEMITAM

YBakaeMK KOJIETH,
Yectut Hlectnecerroanined wobneit!

HlectaeceT ronyHy ca ¥ MHOrO, K Manko. Te ca Manko B CPaBHEHME C €/I1H YOBEIIKH
KHBOT, HO T€ €a IIPEMUHAIU B cny)xﬁa Ha Haykara ¥ IIPOCBCHICHHUETO, 2 TOBA € MHOro!

Beue 1mecT OeceTWNETHS YueHWTe, npenojasarennTe W ciyxurenure Ha MEMIIAM
fIpeBexAaT npe3 AcOpHTE Ha 3HAHKETO CBOMTE MJIANM YYEHH, MOKTODAHTH M IMIUIOMAHTH, Karo
CHOAENAT CBOS HOBCHMIKH B mpodecuoHaneH omuT. MHoroGpoiiHu ca HaydsHMTE BH YCIHEXH, BbB
BCHYKH CBBpeMeHHH ofnacTd Ha OHoMeIMUMHCKaTa Hayka. Te ca myOiuMKyBaHH M UHTHD2HW B
TIPECTHKHM MEXIYHAPOIHH H3JaHus ¥ MoHorpaduu. [locTHxeHHATAa BY HMAT NPSKO OTHOILEHKE
KbM 4YOBEKa M MOFaT Ja CJIYXKaT B KIMHHYHATA IPaKTHKa,

CKbIl# KOJETH U NpHATEH, HEBB3MOXKHO € B €IHO KpaTKO NPHUBETCTBHE Ad C€ OTpasu
BCHYKO, KOETO CT€ NMOCTUTHANHN. Ha scuuxy Bac xenas KPENKO 3/]paBEe ¥ HEKa CIC/BALIHTE NOIHHH
BH paBaT ¢ HOBM YCHEXH H NMOCTHIKECHUS.

TIpueMeTe HaITE HAli-HCKPEHH NOXKENAHHS 3a 3/pase, npodeCHOHATHH U IHYHY ycnexu!

Hexa ce MHOXAT IOKOJICHHATA, 32 KOHTO Bue me 6bAeTe KaKTO NpUMep, Taka 1 onopa!

—

Ipod. a-p Auton Tonues, IMH, ¥ HETH
Koextus Ha KateApara 110 aHATOMHS, XHCTOJIOTHS H eMOpHOnorus
Menunmuckn yHuBepcuTeT ,JIpod. a-p [lapackes CrosHoB™ - Bapua
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MEJMHUHCKN YHUBEPCUTET - 2p. HAOBJIUIB
MEDICAL UNIVERSITY - PLOVDIV

ITIO3JPABUTE/IEH AJIPEC

o
Uncmumym no UEMIIAM, BAH
ITo cayuait 60~ 200uuten 06uaelt
~ 19 HoemBpu 2013 2.

VBAKAEMA INPOPECOP ATAHACOBA

YBAKAEMU YJIEH KOPECMOHIEHT HOPIIAHOB,
YBAKAEMW YJIEHOBE HA PbKOBOICTBOTO,
VYBAKAEMM YUYEHU OT HHCTUTYTA ITO MEMITAM, BAH!

3a MeH e 0co0eHO YAOBOJICTBHE M MeCT OT MMeT0 Ha akafeMuvHara obIIHOoCT Ha
MepmumHcky Yausepeuter-Ilosaus na ornpass - chbpaedHHUTe ITO3OpaB/eHUA W
6/1aroTIo)KeNAHMST M0 TI0BOJ HeCTBAHeTO Ha 60-mma 2odumnuna om ocHobabanemo Ha
Hnemumyma no Excnepumenmarna Mopghos02ua, RAMOAOUR U AHMPONOAOZUR C MY3€.

IIpes BcuukuTE FOOAMHW Ha CBOSTa IBJIra MCTOpUs ydeHuTe oT MHCTUTYTA
M3BLPIUBAT YIIOPUTO M HeyMOpHO dYHAAMEHTATHU M TIPWIOKHM WM3CIeHBaHus B
oB,1acTTa Ha MOPOTIOrMHIITE HAYKHM.

ITpusercrBaM Bamrata wMHUOMAaTHBHOCT ¥ Thpcewml IyX, KOWTO jAuYaT B
MHOXXeCTBOTO pa3paboTBaHM Hay4YHM IIPOEKTM HA HALUMOHAIHO ¥ MEXIYHApOIHO
HUBO.

Karo 3am. Pexrop mno KauecTBO M aKpeauTalmMs, HO M KAaTo aKaJeMu4eH
npernojaBaTe’l B cMCTeMaTa Ha BUCIIETO MeJIULIMHCKO o0pa3oBaHMe, MCKaM [a u3passa
JIMYHAaTa M M Ha Kojierure OsiaromapHocT 3a ¢akTa, 4e eJHO OT OCHOBHMTE
HamnpasleHUsA B OeVHOCTTa Ha MHCTUTYTa e noaroroBkara u obydeHMeTo Ha MyIagu
HayyHu Kaapu. [pwxkara 3a dbopmupanero Ha 3Haemm ¥ KBaudyUuUpanu yHeHU
TpaGBa nda Obae npuopureT, ocofeHO B HaspsiBalllaTa KpwM3a 3a MJIad HaydeH
norenuuasn. Tlosurmsen noreHuwman, kxodrro Bme u Buarapus 3Hasm, 4de umame.
Hosnpasssam Bu, ge mpe3 rogmMHuTe KauecTBOTO M NPeCTVKBT Ha Barmara mayusa
TIPOAYKLIMA HENPeKhCHATO ¢€ MOBMINABa M Npoab/DKaBa Ja Gbae Ha MHOTC BMCOKO
HUBO, 10Ka3aTeJICTBO 32 KOETO (a2 MHOroOpoiHUTe LIUTHPAHUS OT YIeHWTe 110 CBeTa.

B cBernuHaTa Ha 106MIesT XKenas oT CbplLie aBTOpMTeTHT Ha MHcTuTyTa TIO
ExcniepumenTanna Mopdostoriasi, naTosIorMst 4 aHTPOIIONIOTMS € My3eVi cpefl HaydHUTe
Cpeau Oa pacTe, Ja ¢e pasmVMpsBa IIPUCHCTBUMETO MY B ODLIECTBOTO M, KOETO e Hau-
BAXCHOTO, [a C€ YTBbPAU HOCTOMHOTO MACTO Ha DbArapckus yueH!

Yecmuma u cBemaa 60-ma eo00umnunal
Hexa Bcuuxu 0a Mucaum 3a Hayuonasiume urmepecu u yeau!
Hexa dobpomo da Boou dearama nu!

ITPO®. I-P CTE@AH CHBKOB, -

34M. PEKTOP ITO KAYECTBO H AKPEJHTAILIHA
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YBaxkaema nipodrecop ATaHacoBa,

YBarkaeMy JamM¥ ¥ Tocriona,

B pa3sBuUTHETO Ha BCeKM MHCTUTYT, B HETOBOTO MMHAIO M HACTOALIE
MMa [MaMeTHM [JaTH, MOMEHTH M CbOUTHSA, KOUTO OCTaBAT CBOUTE
TpanHu oTrnevdarbui. Takbe e gueuramnAT aeH. Ilpes 60-roguninara
AevtHocr Ha VIHCTMTYyTa 1O eKCIlepMMeHTartHa Mopdosiorud,
NaTojIOTHMA M aHTPONOJIOIMS ¢ My3ed B Hero ce Iposexiar
MHOXeCTBO HayYHO-TIPMJIOKHN M PYHIAMEHTAIHM M3C/IeABaHMA B
TakMBa BaKHM 00/1acTM HA MeOUKO-OMOIOrMYHOTO TIO3HAHME KAaTo
KJIeThbUYHATa 6uonormsa, MopdosIoruATa, NaToIOruATa 171
AHTpOIO/10TUATA.

C BucoKaTa ¢M HayvyHa npoaykuma Baummmsar MHCHMTYT e yTBBpIeH
HayyeH HeHTBp B obnactra Ha Mopdonormara ¥ NaTo0IMATa ¢
JOCTOVHO MACTO B HAIMOHAIHOTO ¥ MeXAYHapOOHOTO Hay4HO
MpOCTPAHCTBO.

INoxxenasame Ha Koerure or MEMITAM mHoro sapaee u HOBM, OLLe
IO-BVMCOKY TBOPYECKY YCTIeXH.

YECTUT 60 -TOAUILEH KOBUTEN!

YECTUT INPA3SHUK!

Hexan Ha Buonormyeckua gaxy/rer

Ha CY"Cs. KmumenT Oxpuicku™:

/oo, i-p M
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COOPHNCKH YHUBEPCHUTE
“CB.KJIMMEHT OXPUICKHW”
DAKYITE

1O XHMHA U DA
CODMS 1164, 6yn. "k, baywnp” |

SOFIA UNIVERSITY
“ST.KLIMENT OHRIDSKI”
FACULTY OF
CHEMISTRY AND PHARMACY
BULGARIA
SOFIA 1164, 1 James Bourchier, Ave.
TEMN: 02-86223 36 TEL: (3539)2-862 23 36
DAKC: 02-962 54 38 FAX: (339)2-967 5438

A0 KOJEKTHBA
ua UEMIAM - BAH

YBAXKAEMH KOJIEH,

Prrogoactsoro v koaekrusbt na akyrrera no Xumug u Oapmanss va CY LCe Ko
Oxpizckn” Hafi-CuPiaeyHo Bi 03ApaBsBaT #bB BpLIKA ¢ wecrBancto wa 60 rogunn Mueruryt o
CRCHePUMEHTEIHA MOPROIOTHS, TIATOAOTHS B AHTPOTOA0I Mst ¢ MY 3¢l ripa BAH.

Hpremunk Ha padornvre rpynu oT Hicruryra no ekcnepumentaima Mophosorus u
AHTPOTIONOTUA ¢ My3eH ¥ OT MHCTHTYTA 110 eKCHEePUMEHTANHA DATOIOIHS W NApAMITONOrHs,
Bamwmar KoJeKTHB ¥ 10 JHEC NPOBCAKIA KOMOCTCHTHO BAKHA (VHIAMSHTRIHH 11 HPHIOKHT
H3CHCABANNS B 00AACTTA HA XYMAHH [APHATA M BETCPHHAPHATA MCAHUMHL, CBBP3AHN CbC 3APARHI 1
aAesorpadern upodiaesmu. B norsspaacHiue wa upstioca Bu kbar OnIrapekoro o0piectso ¢ v
Haunonanuust Antpononorysen Myselt - yunkasya sa bearapus paydna, odpazosateisa i
KYITYPHA HHCTHTYUHS.

Hipes ueans 60-ro;unucH neproi MHOrO Koaeru o1 Banms Hucraryy umaxa v dsmar r#cHo
CHIPYUHNCCTRO ¢ NPCHOAABATEAN H wiciieoBaTeay o1 Quryvirrera 1o xuvins v dapmains na €Y
KAKTO B 000 T HA HAY AT HPOGICMATHRA B APAKTHHCCKITC BhHPOCH. TUKL U B 00YHCHIICTO HA
AOKTOPQNTH. 34 HHCTO 13PAcTRaHe 8 HUPCHEKTHBHI HAYYH p(h—)UIIHIHH COT ChHECCTBCHO 3HAUYCHUE
AKTYATHOCTTA M 3HAUMMOCTTA HA IIPOCKTUTE. paspadotsanu ot Bac.

Toxenapame Br 3ipase M TBOPUCCKH YCIIOXH 3a [0 L ILPAKAHC 111 BHCOKOKBATHGHILMPAHHA
HAYYEH AOTCHUMAL KO0 nprrexapate, 3a odorarssane Ha nayunata NHGPACTPYKTYpa, 3a
3 ILAOOMABANE  HA  MEKIYHAPOHOTO  CLTPYIHHICCTBO  H ALIIOIMIHRTC  TPAUNIKE - B

06}"10””0'1 O Ha COCUHATNCTH,

YReperu cMe, de ROA3OTBOPHOTO ehrpyimyectso ebe Y LCr. Kia. Oxpuacka”™  we
HPOALIKH U B ObACIE,

YECTUT IOBHJER !

19.11.2013 JIEKAH:
Codust wi-kop. npod. axi Tonw Cnacon
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JECOTEXHUYECKHU VYHUBEPCHTET
DakyanTter “Berepunapra Meauupguuna”
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10 AUPEKTOPA

HA MUHCTUTYTA NO
EKCNEPUMEHTAJTHA MOP®OJOMA,
NATONOMMA U AHTPOMNONOIUA C
MY3EW — BAH

MPO®. [-P HUHA ATAHACOBA, [1EH

YBAXAEMA NPO®ECOP ATAHACOBA,

AkaaeMnyHnAaT cbeTaB Ha dakynTeTa no BeTepuHapHa MeauumHa npu
JlecotexHnyecknsa yHmepcuteT — Cochust U3KasBa CBOETO 3340BONICTBO U
CbNPUYACTHOCT BB BPbL3Ka C YEeCTBaAHETO Ha B0-roguwHnHaTa Ha MHcTuTyTa
no ExcnepumenTtanHa mopdonorus, MNatonorus u AHTPONONorusa ¢ Mysei.

3a Hac e 4ecT W wusKkn4YMTENHaA npodecuoHanHa ropgoct ga cu
npwnomuum BoraTaTta TBOpHecka Buorpadus Ha HeszabpaBumuTte npodecopu
— akagemuk KceHodhoHT MeaHoB W akagemuk AceH XapKuionos, KOUTO ca
TACHO CBBbp3aHu ¢ UcTopusTa Ha Bawwa UHctuTyT.

3HauuTenHn ca ycnexuTe Ha konektwBa Ha MEMIIAM B
HayyHouscnegoBsaTenckata AeWHOCT, KOUTO ca CBETOBHO u3BecTHU. Cbe
3a0BONCTBC  OTOensissame HalleTo [ABYCTPaHHO CbTPYAHUYECTBO B
HayJyHouscrnefoBaTenckata gefHocT. 3a Hac e 4ecCT, Y€ U3TbkHaTy Bawm
ydeHu yyacTeaTt B o6y4eHUeTo Ha CTyAeHTUTE Mo BeTEpUHapHa MeanunHa n B
noAroToBKaTa Ha JOKTOPaHTK.

YBaxaemu Koneru,

Hue xenaem Ha MWHctuTyTa no EkcnepumeHTanHa mopconorvs,
Matonorma 1 AHTPOMOMOrMs C My3€A BUCOKN NPOPECUOHANHU YyCnexu.
Hagssame ce, 4e CbTPYAHUYECTBO HI B HayvHaTa v y4ebHaTa AeiHOCT We ce
M3gurHe A0 HOBM MO-BUCOKW HUBA, KOUTO CbBPEMEHHOTO pasBuTWE Ha
HaykaTa u obpa3oBaHVETO M3NCKBarT.

BUCOKM TBOPYECKM YCnexn U HOBATOPCKN nocTmwieHus!

YecTuT robunein!

e
//

19.11.2013 r. [ekaH Ha OBM: v/
H AMUHKOBTABMH/

s

J
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TPAKUMUCKU YHUBEPCUTET

6000 Ctapa 3aropa, CTyneHTeKkH rpaj PEKTOPAT
Pekrop: (042) 670 204 Qakc: (042) 672 009
Yueber otnea: (042) 699 208, 689 209 E-mail: rector@uni-sz.bg
Mexa. corpyamniecTso: (042) 699 213 WWW.uNi-s2.bg

Do Dupexmopa u KpAeKmusd Ha
Hrcmunrym no excnepuMenmaria
Mopporozus, namorozust
u anmponorozus ¢ mysei Kpm BAH

Copus
MO3/IPABUTENIEH AJIPEC
Veaxaema npog. Amanacoed,

Om umemo  na PexmopcKomo poXosodcmso  u  axgdemuunama obumocm na
IMpaxuiicKy yrusepcumem - Cmapa 3azopa waii-Copleuno no3dpasssame KOACKmusd Ha
Hucmumyma no_expnepumenmarng mopPorosus, wmomuaumponmmcu)am

Wﬁﬂﬂwmy&aﬁ
60—:obumm1oﬁwal

Bucoxp enur Bauume nOCMUNENUR 1 HAYHHURL Bu npunoc 8 Fersapckama Hayxg.
Jlpusemcmsame yuenume om Hucmumyma u cme cuzyphu, we Bawus omum u Hayunu
uscAedeanus, 6v6 Fyndamenmarnume u HAYUHO-NPUAOKHY u3cAedsanusn e obracmma na
XyMAHKAMA U 6eMEPUHAPHAMA MEOUYUNA, 8 TOBA HUCAO MOPPOAOZUS, KAeMBUHA buioA02US,
NAMOAOZUS Y ARMPONOAOZUS UMAM BAXEH NPUKOE 34 Pewasate Ha 30PasHu i 0emoepadcKy
npobaemu, 60~ zoduwnama ucmopus wa Hucmumyma e doKgsamercmeo 3a mpaduyus u
Yoaxentie: Kpm OeAOMO HA CHIOAMEAUME U HAYHHUME NMOCMIUKEHUA HA 6CUMKY, KOUMO
pabomam 6 Hucmumyma 1o excnepuMeNmArHA MOPPOAOZUS, NAMOAOZUS U AHIMPONOAOZUS.

- Om nepcrekmusama na wosewxuUs Kusom, 60 200unu ca 3paAa, yreenard es3pacm —

apacm, wampynaad bozam xgnumax - onum, suanus u mvopocm. Dnewnusm nPasnux e
0800 33 BUCOKY CAMOUYBCmOUE, YOOBAEMBOPENOC OM Passumuemo na boazapcKgma HayKa
U CHpeMeX,3a OMCIOSBANE HA YeHnOCcmume, KOUMO ocHosameAume na Incmumyma cd wu
306e1aAAN,
ﬁa):{,maaa.ue Bu Emzonmyuue, 80vxHOBeR mpyd u Hoeu Yycmexu, 3a da npebwde
Bawus uncmumym - AAKE Ha fbazapexgma nHayKa u Oyx,

YECIHEAT 60 TODHIULEI FOSHAEA! ﬂ Py

19.11. 2013 2. PO, DCH HBAH CTAFHKOB
Cmapa 3az0pa CEKINOP HA TMPAKIHHCKH VHHBECCHIITEIT
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excrepEMenTanHa Mopdonoray,

NaTONOTHA H AHTPOIIOIOTHR €

(ordvHndaL e

%"n OAKYATET

myseit mpu BAH

HO3APABHUHTEJEH AAPEC

Veaxaemu npod. AraHacosa,

TNossonere My OT HMETO Ha aKafeMHuHATa OSUIHOCT Ha Berepunapuomenumnvckus akysret

npﬁ Tpaxufickua ysusepcurer rpan Crapa 3aropa na Bu noszgpasa ¢ 60-roadiuupHata oF

“EB3aaBaHeTo Ha MHCTHTYTa N0 excrepHMeNTaiHa MOpdoNorus, NaTosorus W aHTPOTIONOTHA ©

Arvaeit npu BAH.  Karo npuemnux ua HMucruryra no excnepumentanHa Mmopdosorus u

#pononorus ¥ MHCTHTYTR A0 EKCTIEPHMEHTATTHE NATONOTHA U NAPATUTONOTHA  OOEAMHEHHST

HHCTHTYT AHEC € BOJACUL LICHTLP B ofnactra Ha CKCMNEPHMEHTANIHATA MOpd)OﬂOrHﬂ o] ¥

HBTOROIHA, KOHTO C PERANHIUPAHIUTE HAYHHH NPOEKTH [OCTOWHO € 3AUMTHA CBOETO ABTOPHTETHO

MACTO B MOKIYHAPORHOTO M3CIICHOBATEIICKO NTPOCTPAHCTBO.

Hayuno-nipenonasaTenckmAT KONEKTHB Ha BetepuHap KMAT  akyarer KbM

Tpaxniickus yHusepcHTeT npueMa tasu 60-roanuiHuKa W KaTo cBoll npassuk, OCHOBaHHETO 3a
TOBA CE XpHE B OOCTORTEACTBOTO, Y€ B HCTOPUATA HA HALIWTE HHCTUTYLIMH Ce BILIHTA MaAGHOTO
AEJ0 HE TAKMBA YHSHH - H3C/ICNOBATEAH M NPENOAaBaTEH KaTo akan. Kcewodour Heanos, axaa,
Heay Bacunes, akan. 3axapn MnageroB u ap. JIbaronersa Tpaauiiis 4 PAKTHKA € BIBHMHOTO

CHTPYAHHHECTBO M NMOATIOMATAHE MEKIY YYEHHTE OT HHCTHTYTa M aKAAEMH4HaTa OBLIHOCT Ha

Bwlq, PHOMERUUMHCKHS d)al(yme'r W ATeCTalHA 3a TOBa ca OOIIMTE 334a4H, KOMTO € WMo

Aa Ce pewsasat MY TEIMHPBA MPEACTORT € LSS noBeue obiecTBeHa TONEHOCT. BHPB&MB, 4¢

TIPEIM3BHKATENICTBATA, NPER KOHTO CME H3MIPABEHH AHEC BCHYKW, AHTWKMPAHM C Hayka M

oBpasoBanne, e MOXKEM 72 TIPEONOSEEM CaMoO upe3 Takasa aeficTBeHa KonaGopauma npw

POANIMINPAHE HA MOJSPHH H HEoBX0ANMU MHOBATUBHH (IPOCKTH.

Ot umeto Ha axanemuunata oBwHOCT Ha Berepunapuomenuunnckus daxynver s Crapa

3aropa noxkenasaMe Ha HaYUHMH KOACKTHB HA VHCTHTYTa N0 eKCNEPHMEHTANHE MOPHOSIOTHS,

naronorWs W awvpononords ¢ syseli npu BAH pa cnxpamn ?anmmm ¥ M3BOIOBAHHMA

v
&ETW ¥ A3 BOCTUIHE HOBU TBOPUYECKH 3aBO U MocCT! j ¥ € KOMTO H21BHA Hapoa #
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Pili gemini — a common phenomenon
of uncommon presentation
and familial background
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Abstract: A 28-year-old man with diffuse alopecia and hair loss is presented. Confronting examination
of the other male family members defined the diagnosis of familial pili gemini. Thus, a peculiar genetic
item to a dermatological condition that appears with a rather unusual presentation is described. Further
observations and genetic studies are needed to define the scientific significance of this phenomenon.

Key words: pili gemini, familial background

Introduction

The first description of multiple hairs is given by Flemming in 1883 [4]. The phenom-
enon was seen on the beard and for a long time attributed only to this location. Hair
shafts dysplasia is admitted to be a consequence of splits of the follicular germen [8].
Currently, confusion on the clinical picture and pathogenesis of the various forms of
hair shafis anomalies exist [1].

Herein, a familial case of different-sized hairs with single cuticles, growing from
the same follicular matrix and emerging through a single pilary canal is discussed.

Case report
A 28-year-old male sought treatment of diffuse alopecia and hair loss, accentuated in
the last few months. He had an elder brother with the same symptoms. Their father had

hair loss and baldness since the age of 40. They all complained of permanent dandruff
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and greasy hair. On physical examination the hairs in the frontal region of the scalp
looked three or four times thicker than average. A magnifying glass revealed closely
bundled hairs present in onc follicle. They grew as a whole, surrounded by a common
sheath. On dermoscopy two hair shafts came out of a single follicular opening (Fig. 1).
Confronting visits of the other family members proved the same clinical picture. His-
tology taken by the scalp of our patient revealed two hair shafts converged towards the
base, without fusion, arising from subdivided bulb surrounded with a common sheath
(Fig. 2). Transverse sections showed two hairs surrounded by own cuticles, enclosed
in the outer root sheath. The diagnosis of presumably autosomal dominant familial pili
gemini of the scalp was suggested. Recommendations on appropriate daily care were
provided.

Fig. |. Dermoscopy findings of two hair shafts coming out
from a common follicular opening

Fig. 2. A subdivided hair bulb with two hair shafts con-
verged towards the base, without fusion. surrounded with
a common shcath (HE, x 400)
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Discussion

The hair has the most elaborately balanced structure with even minor functional devia-
tions forming various aberrations [10]. The basic rules of hair morphogenesis are often
break and on gross inspection of the skin incomplete hairs are present in one follicle or
a bundle of hairs protrude from the follicular mouth [9]. Multiplicity of hairs may result
either from remnants of old hairs in the follicle as an exaggeration of the normal cyclic
activity of the papilla (trichostasis spinolosa) [12] or of splitting of the papilla matrix
during the anagen of the hair to form compound follicle’.

Double-tipped kinetic papilla produces two different-sized hair shafts with sep-
arate cuticles emerging through a single pilary canal [8]. This condition is known as
pili gemini. The phylogenetic arrangement of hairs in groups of three or five gives
the very common phenomenon of compound hairs — several hairs contained in the
same follicle[2]. Two main mechanisms have been incriminated to cause the condi-
tion. According to Koelliker [5] accessory follicles grow down from the neck of the
central one, while Rabl [11] favored the view of secondary merging of the superfi-
cial parts of independent follicles. This second opinion is widely recognized as the
main reason for appearing of tufted hair folliculitis, a condition that is probably a
consequence of staphylococcal scalp infection[3]. The most important differentia-
tion of pili gemini and compound hairs is the level of hair follicle units merging [1].
The superficial merging comes out with tufted hair folliculitis, while matrix papilla
tip merge forms two separate hair shafts with own cuticles, defining the pili gemini
phenomenon.

Contra version exists as for the epidemiology and pathogenesis of hair shaft
anomalies. Pili gemini can be observed both in hair dysplastic conditions such as
cleidocranial dysostosis [7] and trichorinophalangeal syndrome, and in normal hair.
According to Pincus, who first described the condition in 1951[9], the occurrence of
the anomaly is really uncommon. The author pointed out that minor aberrations which
furnish the basis for actual subdivision of the hair shaft usually affect the beard region
and most often split the tip of the papilla. Thus, a complete subdivision of the hair
shaft can result only if the split extends down to the neck of the papilla, at the site of
inner rooth sheath formation. Theretfore, the labiality of the hair matrix seems to play
the most important role in the pathogenesis of multiple hairs. If the papilla tip split
maintains during the whole anagen phase, hair shafts remain separate and form pili
Gemini [13]. When the same papilla changes its shape repeatedly, it can produce hair
shafts with bifurcations at irregular intervals defining the pili bifurcati. There is then
no absolute distinction between the completely divided multiple hairs and the partly
merged composite hairs °. Therefore, pili bifurcati can be considered a special case
of pili gemini.

We presented a family with pili gemini that affect the scalp region. The location
is not often described, which can be due to either low incidence or overlooking of the
phenomenon. The signs of seborrheic dermatitis are probably secondary to male-pattern
hair loss, seen in our patients. Of great interest is the familial background, which seems
to be of autosomal dominant trait. To date, there were no other observations and genetic
investigations in this area.

This anecdotal case report is presented to revive further knowledge of a well-
known hair shaft anomaly presented at an unusual genetic background and atypical lo-
calization. Thus, we dare add a peculiar genetic item to a dermatological condition that
appears with a rather unusual presentation. Further observations and genetic studies are
needed to define the scientific significance of the phenomenon described.
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Serum antiganglioside [gG and IgM
antibodies to GD1a in rat models of acute
and prolonged lithium intoxication
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M. Dimitrova, S. Dimitrova, Y. Gluhcheva, S. Engibarov¥,
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In the past years it is considered of critical importance to establish the significance of serum IgG and
IgM anti-GD1a antibodies as potential biomarkers for neuronal damage in different neuropathies and
neurodegenerative disorders. Although lithium salts are known to cause substantial neurodegeneration,
the serum levels of anti-GD1a antibodies have not been studied in this type of intoxication yet. In this
study, serum levels of IgG and IgM anti-GD1a antibodies were determined in rat models of acute and
prolonged intoxication with LiCl using the enzymec-linked immunosorbent assay (ELISA) method. In
both types of intoxication, serum antiganglioside IgG and IgM anti-GD1a antibodies titers were not
elevated significantly to show that the blood-brain barrier in rats following Li treatment is not dama-
ged. The results point out that IgG and IgM anti-GD1a antibodies cannot serve as serum markers for Li
intoxication. Obviously, the acute or prolonged Li toxicity studies in rats cannot be used as models of
progressive neuropathies.

Key words: serum IgG and IgM anti-GDla antibodies, ELISA, acute lithium intoxication, pro-
longed lithium intoxication, rat

Introduction

Lithium is extensively used in psychiatric practice for the prevention and treatment of
manic-depressive disorders. However, neurotoxicity of lithium salts within therapeutic
doses has been reported in patients manifested by transient or persistent neurological
deficits. Although those conditions are mostly transient and reversible, there is growing
evidence that lithium can induce long lasting neurological sequelae [2, 4, 7, 9]. Side
effects of Li generally correlated with the patient‘s serum level and often involve the
central nervous system (CNS). Severe neurologic sequelae may occur in patients who
take overdoses [8].
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Gangliosides are a family of acidic glycosphingolipids highly concentrated in the
nervous system, where they represent about 10% of the total lipid content. The gan-
glioside spectra of normal blood plasma are remarkably stable, but show pronounced
changes in pathological conditions. GDla is one of the major central nervous system
neuronal ganglioside fractions. In our previous studies, a considerable increase of se-
rum GDla ganglioside was determined in both human cases and animal models of
multiple sclerosis (MS — neurodegenerative multifactorial disorder with an autoimmune
component). Autoantobodies against gangliosides GM1 or GD1a are associated with
acute motor axonal neuropathy and acute motor-sensory axonal neuropathy. That is
why over the past few years it is of critical importance to establish the clinical sig-
nificance of serum IgG and 1gM anti-GD1a antibodies as potential biomarkers for the
diagnosis, classification, disease activity and prediction of clinical courses in antigan-
glioside antibody-mediated or other types of neurodegenerative disorders [5].

Although lithium salts are known to cause substantial neurodegeneration, no im-
munological studies about the possible involvement of serum IgG and IgM anti-GDla
antibodies in rats under the models of Li intoxication have been performed thus far.

The aim of the present study is to follow up the changes in serum IgG and [gM
anti-GD1a antibodies in rat models of both acute and prolonged lithium chloride in-
toxication. The results are expected to elucidate the possible predictive value of those
antibodies for lithium salts intoxication, as well as the extent of blood-brain barrier
damage caused by Li-salts.

Materials and Methods

Mature Wistar rats (four-month-old) were subjected to acute lithium intoxication by a
single dose of lithium chloride (250 mg/kg body weight, 0.2 ml dosing volume in sa-
line, i.p.). Treated animals were sacrificed 24 hours following the administration under
light anesthesia [9]. Healthy aged rats (cighteen-month old) were injected with the samc
volume of saline and used as controls.

Seven-month-old adult Wistar rats were subjected to a prolonged Li intoxication by
receiving four administrations of lithium chloride with a quarter of the acute dose (250
mg/kg body weight) in the course of eight days (0.2 m] dosing volume in saline, i.p.) [4].
Animals were sacrificed under light anesthesia 24 hours after the last Li administration.

Three series of sera were obtained trom the rats under the above expcriments of
acute and prolonged lithium intoxication. Isolation of serum antigangliosides antibo-
dies was performed by the enzyme-linked immunosorbent assay (ELISA) method of
Mizutamari [6] with slight modifications, as described before [1, 5]. Four independent
analysis and quantification at various dilutions were conducted for each group and for
control (no-Li) rats. The optical density (OD) was measured and read spectrometrically
at 490 nm in ELISA reader Tekan Sunrise. The antigangliosides antibodies in the rat
sera with Li-acute and Li-chronic intoxication, as well as hcalthy aged controls were
calculated. The Student test was used to determine statistical differences between the
groups using p<0.05 as the level of confidence.

Results and Discussion
Different studies show a significant increase of serum GD1a ganglioside in both human

cases and animal models of multiple sclerosis [1, 5] as well as in other neuropathies
[6]. The increase of titers of serum IgG and IgM anti-GD1a antibodies is usually con-
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sidered as an indicator for neurodegeneration and blood-brain barrier damage. On the
other hand, both acute and prolonged intoxications with lithium salts are shown to cause
major pathomorphological changes in many regions of rat brain [4, 9] detected by the
method of silver-copper impregnation for neurodegeneration [3]. Li is known to cross
the blood-brain barrier leading to impairment of neuronal processes and ncuronal death.
However, it is not known yet whether the blood-brain barrier could be destructed as a
result of the harmful action of Li on brain.

In our experiment, no statistically significant changes in the titers of serum IgG
and IgM anti-GD1a antibodies were found (Fig. 1, Fig. 2). Optical density of the sera
taken from Li-intoxicated animals did not exceed x = 2 SD of the healthy controls to
show a lack of abnormal antiganglioside antibodies values in both experimental and
control animals’ sera.
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Fig. 1. Optical density (OD) of the titer of serum antiganglioside IgG antibodies to GD1a
in rats subjected to acute model (AM) and prolonged model (PM) Li intoxication in
comparison to control rats (C)
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Fig. 2. Optical density (OD) of the titer of serum antiganglioside 1gM antibodies to GDla
in rats subjected to acute model (AM) and prolonged model (PM) Li intoxication in
comparison to control rats (C)

Legend: OD — optical density; AM — acute model; PM — prolonged model; C — control rats
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In view of these results, it seems logical to conclude that lithium induced toxicity
does not damage the blood-brain barrier. On the other hand, the lack of increased serum
GD1a antiganglioside IgG and IgM antibodies titers suggests that rat models of acute
or prolonged lithium intoxication cannot be used for the studies of highly advanced
neuropathies, since the blood-brain barrier is not compromised.
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With regard to our thorough research on mast cclls in the pelvic urethra of male pigs, the aim of the
present study was to obtain more data about the histochemical features of these cells by finding out
whether they were positive for nitric oxide. The incentive of the study was the key role of nitric oxide
(NO) and the closely related isoenzymes of nitric oxide synthase for a number of physiological and
pathological events in the animal body. The study of NOS would also contribute to obtaining more
information for the innervation of the organ in this animal species.

Key words: nitric oxide (NO). mast cells, pelvic urethra, pig.

Introduction

Itis known that nitric oxide synthases (NOS) are haemoproteins which catalyse the oxidation
of L-arginine and L-citrulline to nitric oxide. The synthesis of its isoenzymes is regulated
by specific genes. Three isoforms are known, two of which are cell-bound — the neuronal
and endothelial (nNOS and ¢NOS) and the third — free (iNOS). All three NOS are used as
diagnostic markers of various vascular disorders, pathological deviations in the function
of endocrine and exocrine glands (Quesada et al. 2002). NOS expression was established
by Kawamoto et al. (1998) in the epithelium of human nasal mucosa, nasal glands, nerve
fibres and the endothelium. Persson et al. (1998) assayed the possible co-presence of nitric
oxide (NO) and acetylcholine in the major pelvic ganglia in rats by immunohistochemistry
with antiserum against NO and acetylcholine esterase (AChE). Data from similar studies
in the urethra of female pigs have demonstrated the presence of nitrergic, peptidergic
and acetylcholine esterase-positive nerves in its distal part. Further, immunoreactivity
to catecholamines containing various peptides, as well as immunoreactive nerves were
established in the muscle layers of the urethra, in the propria, ureter and near the blood
vessels (Crowe et al. 1989, Persson et al. 1995, Vodenicharov et al. 2005).

The important role of nitric oxide for a number of physiological and pathological
events in the animal body, and the lack of data about NOS-positive mast celis in the
pelvic urethra of domestic pigs motivated the present study aimed at completing the
available information about the histochemical features of mast cells and the innervation
of this organ in pigs.
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Material and Methods

The specimens (pelvic urethras) were obtained from 12 healthy male Belgian Landrace
pigs, 6—8 months of age, weighing 90—110 kg, slaughtered at the licensed slaughterhouse
for a meat consumption of Dimes 2000 Ltd in compliance with all Bulgarian legislative
norms. Immediately after the slaughter, the material was fixed by immersion in 10 %
neutral formaldehyde (Merck, Darmstadt, Germany) for 48h. Further, the material was
dehydrated in ascending ethanol series, cleared in xylene and embedded in paraffin.
Cuts 5-6 um thick were treated according to the routine ABC-HRP method with antigen
unmasking in 0.01 M citrate buffer, pH 6.0 (Atanassova et al. 2005). Initially, they were
treated with 3% (v:v) hydrogen peroxide (H,0,) in methanol and then, blocked with
Normal Swine Serum with 5% BSA (Sigma Chemical A3425, St Louis, MO, USA). The
primary universal antibody — rabbit anti-nitric oxide synthase universal (N-217, Sigma-
Aldrich, Chemie Gmbh, Germany) for detection of the three NOS isoforms: neuronal,
endothelial and inducible; was applied diluted 1:100 overnight at 4°C. The subsequent
incubation was done with Swine Antirabbit Biotinylated IgG (DAKO E0353 Glostrup,
Denmark) and ABC-HRP (DAKO; K0355, Glostrup, Denmark). The reaction was
developed with DAB (liquid DAB+Substrate-Chromogen System) (DAKO; K3468,
Glostrup, Denmark) and controlled under microscope, and afterwards was stopped in
water. Then followed contrast staining with Harris* haematoxylin, dehydration and
covering with Pertex mounting medium (CellPath plc). Negative controls were run
without the primary antibody or after preabsorption with immunogenic peptide at a
ratio of 1:10.

Results and Discussion
The light microscopy demonstrated expression of nitric oxide synthase in almost all

structures of the pelvic urethral wall. In mucosal epithelial cells, positive expression
was observed only in the cytoplasm, but not in the nuclei (Fig. 1).

Fig. 1. Expression of nitric oxide synthase in epithelial cells (E) of the
mucosa, as well as in mast cells (mc), located into the propria (pr). Bar
=20 pum
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Immunohistochemical reactivity was observed also in secretory cells of glandular
lobules of the prostate. From the studied arteries and veins of a various calibers, the
strongest expression was observed in the endothelium of arteries (Fig. 2).

Fig. 2. Positive reaction in secretory cells (arrows) of glands (gpr), and
in the endothelium (arrowhead) of the arteriole (art). Bar =20 um

A well expressed reactivity was also observed in the cytoplasm of striated muscle
cells of M. urethralis (Fig. 3).

Fig. 3. Positive reaction in the cytoplasm of muscle cells (mu). Locali-
sation of NOS-positive mast cells in M. urethralis (mu). Bar =20 pm
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The presence of NOS-positive mast cells was also detected in the different layers
of the pelvic urethra. These cells were observed in the propria, mainly in vicinity of
vessels from the microcirculatory vascular bed and near the organ’s epithelium. Some
mast cells were found out around the urethral glands. NOS-positive mast cells were
also found in the connective tissue layers of M. wrethralis. NOS expression was
demonstrated in small and larger blood vessels, located in the urethral muscle and the
connective tissue of the pelvic urethra. The strongest expression was detected in intimal
endothelial cells, and a less strong one — in the adventitia. There were also numerous
NOS-positive mast cells in the perimysium, among the muscle cells. Our findings are
in agrcements with data reported in female pigs and guinea pigs (Crowe et al. 1989,
Werkstrom et ai. 1998). In our experiment, NOS reactivity was also exhibited by the
glandular epithelium of the disseminate part of the prostate gland and its excretory
ducts. The re acted epithelial cells of the excretory ducts outlined clearly the pattern of
their arrangement and their direction towards the urethral lumen.

In conclusion, the presented data allowed supporting the opinion of some
researchers about the importance of investigating the distal urinary tract and the
innervation patterns of M. wurethralis and the pelvic urethra, as the domestic pig is
an appropriate experimental model for studying pathological alterations in men. The
results could be used in patients with complications following surgery of the urinary
bladder or the urethra or after vertebral column injuries.
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Expression of the enzyme nitric oxide synthase (NOS) was studied in the periaqueductal gray mat-
ter (PAG) of male and female rats during postnatal development at 30, 60 and 90 days of age. NOS-
immunoreactive neurons were located in the dorsolateral (dIPAG), lateral and ventrolatelal (VIPAG)
longitudinal subdivisions. Morphometric analysis revealed sexual dimorphism in the density of NOS-
immunopositive neurons in the VIPAG of 30 days old prepubertal, 60 days old pubertal and 90 days old
rats. Females showed numerous NOS-immunopositive neurons than males. The present results suggest
that sex differences in the number of NOS-immunopositive neurons in the vIPAG may be related to
epigenetic effects of gonadal hormones in the postnatal development.

Key words: PAG — NOS, postnatal development, sex differences, rat

Introduction

The midbrain periaqueductal gray (PAG) plays a modulatory role in a variety of behav-
iors including antinociception, reproduction, fear and anxiety, aggression and vocali-
zation and sex differences are modulated by both the organizational and activational
effects of gonadal steroids [5]. It is described to possess four longitudinal cell-rich
columns - dorsomedial (dmPAG), dIPAG, lateral and vIPAG subdivisions, which serve
as distinct anatomical modules for the specific functions [see 10]. The PAG integrates
input from the limbic forebrain (including the amygdala) and the diencephalon with
ascending input from the dorsal horn [%] and projects to the rostral ventromedial me-
dulla (RVM). The RVN in turn projects to the dorsal horn of the spinal cord and elicits
the antinociceptive effects of opiates, as well as sex differences in opioid analgesia are
modulated by effects of gonadal steroids [5]. Despite the critical role played by the
PAG-RVM system in the spinal response to noxious stimulation, very little is known
about the control exerted by brain stem descending fibres during postnatal development
[2]. One set of primary factors that contribute to brain sexual differentiation are steroid
hormones that are produced of the gonads and act directly in the developing brain.
There are several ways to categorize the molecular mechanisms that drive brain deve-
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lopment with or without sexual differentiation. One class of molecules that control gene
expression is transcription factors, second class is effector molecules, which control
and contribute to signaling from one cell to another. The potential molecular effector
1s nitric oxide (NO), which is a product of the enzymatic conversion of L — arginine to
citrulline and is produced by three forms of NOS — neuronal (nNOS), inducible (iNOS),
and endothelial (eNOS). NO plays many roles in development as well as adulthood. NO
helps cell migration, cell proliferationand survival, which are all important factors for
sexual differentiation [see 3].

In the light of these issues, the arm of the present study was to determine the den-
sity of NOS -immunopositive neurons in the PAG during postnatal development of the
brain in male and female rats.

Material and methods

Nine female and 9 male Sprague-Dawley rats were used to study the localization of
NOS immunoreactivity in the developing PAG. Intact animals were classified into 3
age groups: 30 days old, prepubertal rats, 60 days old, pubertal rat and 90 days old,
young postpubertal rats. Animals were anaesthetized with thiopental (40 mg/kg body
weight). Transcardial perfusion was performed with 4% paraformaldehyde in 0.1 M
phosphate buffer, pH 7.2. The brains were removed from the skulls and postfixed for
1 h in the same fixative. Afterwards, brains were washed in 0.1 M phosphate buffered
saline (PBS) overnight at 4°C. Coronal sections (40 um thick) were cut on a freez-
ing microtom (Reichert-Jung, Germany). Sections were made at three PAG levels:
cranial PAG - between bregma - 5.3 and bregma - 6.3, middle PAG - between bregma
- 6.3 and bregma - 7.3 and caudal PAG - between bregma - 7.3 and bregma -8.3 [6].
Free-floating sections were preincubated for 1 h in 5% normal goat serum in PBS.
Afterwards, incubation of the sections was performed in a solution of the primary
antibody for 48 h at room temperature. We used a monoclonal anti-nNOS antibody
(Sigma, St. Louis MO, USA) in a dilution of 1:1000 according to instructions of
the manufacturers. After rinsing in PBS, sections were incubated with biotinylated
anti-mouse IgG (Vector Labs. Inc. Burlingame, Calif., USA, dilution, 1:500) for 2 h.
Sections were washed in PBS and incubated in a solution of avidin-biotin-peroxidase
complex (Vectastain Elite ABC reagent; Vector Labs., Burlingame Calif., USA; dilu-
tion 1:250 in PBS) for 1 h. This step was followed by washing in PBS and then in
0.05 M Tris-HCI buffer, pH 7.6, which preceded incubation of sections in a solution
of 0.05% 3,3¢-diaminobenzidine (DAB, Sigma) containing 0.01% H,O, for 10 min
at room temperature for the visualization. Sections were collected in Tris-HCI buffer
0.05 M, pH 7.6. In control sections, no significant staining was observed under the
control conditions. Morphometric analysis was performed by capturing images of
PAG through a 40 objective using a microanalysis system Nikon photomicroscope
ECLIPSE 80i (digital camera DXM 1200C and the measured area of 0.360185 mm?).
Data the entire drawings were entered.

Results and discussion
Areal staining patterns on coronal sections of across the rostrocaudal axis in PAG sub-
divisions at levels of +5.3 to + 8.3 mm from bregma [6] were analyzed (Fig. 1).

The principal findings were as follows. First, immunostaining of the NOS immu-
noreactivity showed a striking specific pattern of neuronal profiles in dIPAG, vIPAG
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and around aqueductus cerebri (AC) in male and female rats (Fig. 2). The distribution of
the NOS-immunoreactive neurons in the PAG generally coincided with that observed in
previous studies [1, 8]. Most of NOS-immunoreactive neurons are medium size ovoid,
fusiform to multipolar or small rounded neurons arrenged in dIPAG, vIPAG and around
AC (Fig. 2), a phenomenon reported [ 1, 4].

et S

Brma -8.00

Fig. 1. Sections were made at three PAG levels: cranial PAG — between bregma — 5.3 and
bregma — 6.3. middle PAG — between bregma - 6.3 and bregma — 7.3, caudal PAG — be-
tween bregma — 7.3 and bregma — 8.3

L

Fig. 2. NOS — immunopositive neurons are located in dl PAG, VIPAG and around
aqueductus cerebri (AC). x 4
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Second, the average density of NOS-immunoreactive neurons per um? in the vl-
PAG of female rats was greater than in males of the tested age groups (Fig. 3. Females
showed a greater density of NOS-immunoreactive neurons than males and increased
with age in both sexes. The average density of NOS-immunoreactive neurons in the
dIPAG of male and female rats were similar in all age groups (P>0.1; Fig. 4). However,
NOS-immunoreactive neurons showed a increase in number per um? during aging in
both sexes (Figs. 3, 4).
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Fig. 3. The average density of the NOS-immunoreactive neurons in the vIPAG of
female irats is greater than in male rats at 30 days, 60 days and 90 days male rats.
There is a statistically significant increase in the neuronal density from female to
male rats (P < 0.05).
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Fig. 4. The average density of the NOS-immunoreactive neurons in the dIPAG
of female is greater than in male rats at 30 days, 60 days and 90 days male rats.
There is not a statistically significant increase in the neuronal density from fe-
male to male rats (P < 0.1).

Third, these results suggest that sex differences in the density of NOS-immuno-
reactive neurons in the rat vIPAG is related to epigenetic effects of gonadal hormones
during early stages of development and undergo additional modifications in later stages.
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This conclusion corresponds to results that showed such a correlation between andro-
gens and expression of different neuroactive substances in various brain regions [7, 9].

In summary, our morphometric study reveals that sex-dependent differences in the
density of NOS-immunoreactive neurons of the postnatal vIPAG is established in all
postnatal ages. These new data emphasize the need to examine NOS immunoreactivity
in neurons in postnatal PAG after experimental manipulation of the hormonal balance.

Acknowledgments. The computer-assisted measurements were carried out in collaboration with Mrs. D.
Brazitsova.
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Abstract: This work is a continuation of our efforts towards developing an improved IEF method for
the separation of proteins. Studying the clectrochemical reactions occurring on the electrode surface
we found that an unusually high clectrode current is registered during the early phase of the experi-
ment. We turned our attention to this side effect in an attempt to find a way for effective suppression
of the electrolysis of water, which in its turn will bring about a decrcase of the current. It was observed
that the addition of gelatin to the electrode solutions suppresses the magnitude of the current flowing
through the system, which allows the [EF system to approach steady state for a shorter time. In addition
we separated the electrode solutions by Nafion® membranes, which selectively restrict the processes of
migration and diffusion in the whole electrophoretic system. Under these newly developed conditions
the ampholyte pH gradient is strongly affected, behaving as a carrier with very low ionic strength, in
which the magnitude of the current flowing through the system rapidly decreases. Thus the isoelectric
focusing can be carried out closcr to steady state, obtaining sharp protein separation for a considerably
shorter run time.

Key words: isoelectric focusing, protein separation, utilization of the electric current

Introduction

A number of studies have revealed that there is a deviation from the idealized model on
which Svensson’s IEF theory is based [1, 19]. Recently several theoretical treatments
of steady state electrolysis and related processes have been published [20, 2, 3, 12, 26,
22, 25]. The theoretical model elaborated in these papers includes the consideration of
chemical reactions between the electrolyte subspecies that produce an electric current,
with the participation of hydrogen and hydroxide ions. It has long been recognized
that there is a certain instability associated with carrier ampholyte pH gradients. It is
reflected in the progressive flattening of the gradient in the neutral region (plateau phe-
nomenon) and cathodic, anodic or symmetrical drifts, causing a gradual loss of the basic
and/or acidic end of the pH gradient. Through a computer simulation elaborated by
Mosher, Thormann and Bier [13, 14] it was revealed that the gradients develop because
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a diffusional mass flux is needed to balance the net electrophoretic flux. These authors
concluded that the fluxes are due to the ampholytes not being isoelectric, in the sense
that the concentrations of their positively and negatively charged species are not equal.
Employing phosphoric acid and sodium hydroxide as electrode solutions and varying
the concentrations of the solutions, they concluded that “the loss™ of the respective
extreme regions of the pH gradients mainly depends on the correlation between the
initial concentrations of the acid and the base. Applying the concept of the “moving
reaction boundary” Pospichal et al. [21], Cheng-Xi Cao [4, 5] and Cheng-Xi Cao et
al. [6, 7] use a mathematical approach to describe the transport of particles during IEF.
Recently a series of self-coordinated processes occurring under conditions of isoelectric
focusing were studied thoroughly [16, 17, 18]. It was established that under electric
field a two-way process begins where the migration of the ions produced by water
electrolysis is accompanied by diffusion of charge-compensating particles, originating
from the electrode solutions and/or some constituents of the carrier matrix. As a result
a non-ampholyte (primary) pH gradient is generated in PAG, which can be routinely
measured. Because of the continuous flow of ions and particles the primary pH gradient
changes with time bringing about a continuous change of the ampholyte pH gradient. It
was established that irrespectively of the type of electrode solutions employed when the
electrophoresis is carried out in a power mode the current gradually decreases, tending
to reach a minimal value and the ampholyte pH gradient is relatively stable [17]. The
same correlation was observed for the yield of water ions, which decreases during the
process, following a non-linear relationship similar to that of the current. Our experi-
ence shows, that while in the electrophoretical system there are conditions allowing the
electrolysis of water, i.e. water is present in the system, the current cannot reach a value
of zero, the immediate consequence of which is that steady state can be approached,
however it cannot be attained. In this context, any substance present in the electrode
solutions that can decrease the current will be suitable to bring the system nearer to
steady state for a shorter duration. Recently we managed to achieve this by introducing
gelatin into the electrode solutions. This result prompted us to extend our studies in this
direction by employing the ion exchange membrane Nafion® to restrict the mass trans-
port and electron conduction in the electrophoretic system and to study how it affects
the IEF of proteins.

Nafion®

Nafion® is a poly(tetrafluoroethylene) based ionomer, which was developed by Dr.
Walther Grot at DuPont in the late 1960’s by modifying Teflon® [15]. The ionic proper-
ties of Nafion® are created by adding sulfonic acid groups, a chemical with very strong
ionic¢ properties, into the bulk polymer matrix. Thus Nafion® combines the physical and
chemical properties of its Tetlon base material with ionic characteristics. Tt is found ef-
fective as a membrane for proton exchange by permitting hydrogen ion transport while
preventing electron conduction [9, 10, 11, 24, 27].

Experimental

Materials, Equipment and Isoelectrophoretic Conditions

Polyacrylamide gel slabs (250x120x2 mm) were prepared using 5% gel concentra-
tion and 3% degree of cross-linkage. All of the reagents used for the self-preparation
of polyacrylamide gels (PAG) were “puriss” and “for electrophoresis” grade from
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Fig. 1. Effect of gelatin on IEF of a Protein standard mixture (la, 1b) as
well as a hemoglobin standard (2a, 2b). Two types of electrode solutions
were employed: 0.1 M phosphoric acid and sodium hydroxide (a) and 0.1
M phosphoric acid and sodium hydroxide in the presence of 1% gelatin
(b). PAG was prepared in the presence of carrier ampholytes. The maxi-
mum preset voltage is reached 30 min faster when gelatin is introduced
into the electrode solutions, and then the ectrophoresis was continued for
two hours at 800 V. The focused protein bands have an almost identical
separation and sharpness, however, their position along the gel differs,
which is caused by the pH gradient drift. Running conditions: 800 V, 20
mA, 15 W. The letters denoting the electrophoregrams correspond to the
electrode solutions employed

Fig. 2. Effect of Nafion® on IEF of a Protein standard mixture. The elec-
trophoresis was carried out under electrophoretic conditions as in Fig. 1.
The focused protein bands have an almost identical pattern, however their
position along the gel differs, which is caused by the use of Nafion®. Best
result as regards the separation of protein bands and their sharpness was
obtained when Nafion® was used to separate only the cathode electrode
solutions ( ). As an exception, when Nafion® was used to separate both
electrode solutions (N+/-) the proteins are not separated at all



“Fluka” (Germany). 2.2 mL of carrier ampholytes (CA) “Ampholyte high-resolution
3-10” (catalogue No. 39878), Fluka & Riedel, The Sigma-Aldrich Family (USA),
per 60 mL gel were introduced, followed by 20 mg ammonium persulfate and 0.06
mL TEMED. Solutions of 0.1 M phosphoric acid (Merck, Darmstadt, Germany) and
sodium hydroxide (Reanal, Budapest, Hungary) or distilled water alone (pH=6.75)
were used as electrode solutions. The total volume of each electrode solution was
100 mL and was bubbled with argon prior to use for about 15 minutes. In some in-
stances 0.01%, 0.1% or 1% (m/v) gelatin (for electrophoresis, type A, G8150, Sigma)
or Triton X-100 (CAS number 9002-93-1, laboratory grade, Sigma Chemical) were
added to the electrode solutions. As a separator between the electrode solutions and
the gel we used Nafion® 117 perfluorinated membrane, thickness 0.007 in. (catalogue
No. 939), which was purchased from Aldrich, USA. As protein standards we used 5
uL 5% (m/v) solution of Protein Test Mixture 9 (“wide-range” pI-Marker Proteins),
purchased from Serva Electrophoresis GmbH, Heidelberg, Germany (catalogue No.
39206) as well as a hemoglobin standard (Sigma, St. Louis, MO, USA). Staining and
destaining procedure of the gel was performed according to the method described
by Righetti and Drysdale [23]. Electrophoresis was performed under argon and was
carried out using a Pharmacia ECPS 3000/150 Power Supply (Uppsala, Sweden) and
an LKB 2117 Multiphor (Uppsala, Sweden) apparatus cooled by running water at
a temperature of about 10°C. Platinum electrodes (thin platinum wire — 0.3 mm in
diameter, 26 cm length) hanging on a plastic plate (LKB, Sweden) were immersed
to the bottom of both electrode solution reservoirs, where the electrode strips were
soaked in the corresponding electrode solution. The strips were connected to the gel
ends by Whatman 3MM chromatographic paper. To separate the electrode solutions,
respectively the electrode strips from the gel, a Nafion® sheet was superimposed on
the gel surface selectively: on the anode side (N+), on the cathode side (N-) or on both
sides of the carrier gel (N+/-) simultaneously.

The power supply was set to the limiting values of 800 V, 20 mA and 150 W. The
duration of the process was read from the moment when the voltage reached the limit-
ing value of 800 V.

Results and discussion

1. Physicochemical influence on the electrode current
Studying the electrochemical reactions occurring on the electrode surface and tak-
ing into consideration their relationship with the electrode current we reached the
conclusion that under the conditions of IEF the abnormal maximum, which is always
registered, is analogous to the same phenomenon observed in polarography. In polar-
ography the abnormal jump of the current is suppressed by addition of small amounts
of certain substances like the non-ionic detergent Triton X-100 or gelatin. In this
paper we turned our attention to the analogous side effect observed by us, which is
registered for both electrode currents in electrophoresis in an attempt to find a way for
effective suppression of the electrolysis of water, which in its turn will bring about a
decrease of current.

2. Influence of gelatin added to the electrode solutions on the electrode current

We studied the influence of gelatin contained in the electrode solutions on the
current flowing through the electrophoretic system. The obtained data show that the
decrease of the anode current is proportional to the concentration of gelatin dissolved
in the electrode solutions of distilled water. Furthermore, the decrease of the anode
current leads to a corresponding increase of the cathode current when the concentra-
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tion of gelatin is in the range of 0.01% — 0.1%. However, when the highest feasible
1% concentration of gelatin was employed there was a considerable lowering of both
currents. We can now propose that the current flowing through both electrodes can be
decreased efficiently by adding 1% gelatin to the electrode solutions, so that steady state
is attained for a shorter run time.

3. Influence of Triton X-100 added to the electrode solutions on the electrode cur-
rent

We studied the influence of 0.01%, 0.1% or 1% concentrations of Triton X-100
introduced in the electrode solutions on the electrode current. Contrary to the results
obtained with gelatin containing electrode solutions, in the case of Triton X-100 we
found a reciprocal relationship. The magnitude of the current was very high throughout
the process.

4. IEF of proteins in the presence of gelatin and Triton X-100 into the electrode
solutions

To further verify the influence of gelatin added to the electrode solutions consist-
ing of phosphoric acid and sodium hydroxide, we carried out IEF of a standard protein
mixture. For the purposes of comparison we used two types of electrode solutions — the
first contained 1% gelatin and in the second gelatin was omitted. It was established
that the maximal preset voltage is reached 30 min faster when gelatin is present in the
electrode solutions, as compared to the case when gelatin is absent. Electrophoresis was
continued for two hours after the maximal preset voltage was reached when the process
was interrupted and the electrophoregrams were compared. As can be seen on Fig. 1 the
focused protein bands have a very similar separation concerning the number of separat-
ed bands, however, their position along the gel is different. Obviously, the presence of
gelatin in the electrode solutions brings about suppression of the electrolysis of water,
which results in a reduction of the amounts of hydrogen and hydroxide ions liberated in
the electrode solutions.

The same electrophoretic system was studied, where gelatin was replaced with
0.01%, 0.1% or 1% concentrations of Triton X-100. Carrying out IEF in the presence of
1% Triton X-100 we observed a most considerable prolongation of the time for which
the voltage reaches the preset limiting value, approximately 90 min. In addition we
observed that the electrophoresis was accompanied by a considerable transport of water
toward the anode, which caused a swelling of the carrier gel. Under these conditions the
anodal proteins precipitate, thus compromising the electrophoretic separation.

5. IEF of proteins in the presence of Nafion® as a separator

IEF was carried out with and without Nafion® as described in Experimental. The
corresponding results are presented on Fig. 2. A general observation is that the pH gra-
dients are shifted to the more alkaline pH values in respect to Control, where Nafion® is
omitted. The maximal shift was observed in two cases: when Nafion® was used to sepa-
rate both electrode solutions and in the case when Nafion® is applied only on the cath-
ode domain of the carrier. In the case when Nafion® is used to separate only the anode
electrode solution the shift is higher in the more acidic region of the gel, but towards
the cathode the same pH gradient deviates less from the Control pH values. This result
undoubtedly shows that Nafion® selectively restricts the mass transport between the
electrode solutions, thus influencing the distribution of the carrier ampholytes along the
gel. To verify the expected influence of Nafion®, used to separate the electrode solutions
consisting of phosphoric acid and sodium hydroxide, we carried out IEF of a standard
protein mixture. For the purposes of comparison four experiments were carried out:
without (Control) and with Nafion®. It was established that the maximal preset voltage
is reached fastest (for about 150 min) in the cases when Nafion® was used to separate
both electrode solutions and when it is on the cathode side of the gel. In the Control,
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however, the maximal preset voltage is reached about 30 min slower than “the fastest”
runs, under the conditions described above. When Nafion® is used to separate only the
anode, the maximal preset voltage is reached slowest (for about 300 min). Electropho-
resis was continued for two hours after the maximal preset voltage was reached, then
the process was interrupted and the electrophoregrams were compared. As can be seen
on Fig. 4 the focused protein bands have an almost similar separation concerning the
number of separated bands, however their position along the gel is different. As a result
of electroosmosis, on the electrophoregram, which is obtained when Nafion® is used to
separate only the anode electrode solution, we observe wavy-shaped protein bands. Un-
doubtedly the best result was obtained when Nafion® is placed on the cathode domain
of the carrier. Concerning the best separation obtained, the presence of Nafion® in the
cathode domain of the carrier apparently restricts the migration of hydroxide ions, while
the migration of hydrogen ions from the anode is unlimited.

Concluding remarks

The core of the present work is to stress the importance of the electrode solutions for the
entire IEF process, which so far appears to be overlooked. In this paper we offer a novel
modification of the IEF method, allowing the electrophoresis to be carried out closer
to steady state, obtaining sharp protein separation for a considerably shorter run time.
This has direct bearing to the improvement of the results obtained in 2-dimensional
polyacrylamide gel electrophoresis and thus to proteomics as well. In our opinion the
results reported here are a further contribution toward the elucidation of the role of the
electrode solutions in the isoelectrophoretic process. In this context a newly discov-
ered method, intended to obviate water electrolysis and related processes occurring on
the electrodes under condition of electrophoresis, was recently published [8]. Unfortu-
nately, this study is beyond the scope of our paper, but it is a starting point to make IEF
applications not to be a daunting task.
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Abstract: P63 protein isoforms are found in adult male and female urogenital organs and mammary
glands and they are essential for male and female reproduction. Data about expression of p63 protein
in the main testicular cells during pre and postnatal periods is quite limited. The present paper aimed
to follow cellular localization and distribution of p63 in germ cells during development of the testis
and in adulthood in normal and experimental conditions. Our study revealed stage specific pattern of
expression of p63 proteins in spermatocytes later than middle pachytene stage of meiosis during the
cycle of the seminiferous epithelium. Our data demonstrated that p63 is developmentally regulated
in the testis and possibly changed with apoptotic and mitotic activity of germ cells. P63 is suggested
to have clinical importance playing a role in preventing testicular lesions as apoptosis provides a
mechanism for removing incorrectly differentiated gonocytes, which are thought to give rise to germ
cell tumors.

Key words: P63 protein, spermatocytes, meiosis, germ cell, spermatogenesis

Introduction

The p53 family includes the three genes p53, p63, and p73. They have a modular struc-
ture consisting of the transactivation (TA), the DNA-binding (DBD), and the oligomeri-
zation domain. All three genes regulate cell cycle and apoptosis after DNA damage.
However, despite a remarkable structural and partly functional similarity among p53,
p63, and p73, mouse knockout studies revealed an unexpected functional diversity
among them. P63 and p73 knockouts exhibit severe developmental abnormalities but
no increased cancer susceptibility, whereas this picture is revealed for p53 knockouts.
However, the existence of p53-like and p53-inhibitory versions of TP73 and TP63
genes, plus intimate functional cross-talk among all family members, endows these
genes with both tumor suppressor and oncogenic roles [9].

The pS3/p63/p73 family members are capable of interacting in many ways that
involve direct or indirect protein interactions, regulation of same target gene promoter
and regulation of each other’s promoters. Although the proteins and their isoforms are
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expressed at various levels depending on tissue type and developmental stage, the pres-
ence of an isoform at low levels does not necessarily mean it is insignificant [11]. The
pS3 family members and their isoforms can bind differentially to promoters and it may
well prove that the ratio between isoforms is an important cell fate determinant. The
changes upon stimuli of the balance and interactions between the isoforms are likely to
be fundamental to our understanding in the transition between normal cell cycling and
the onset of tumour formation.

Expression of p63 is absolutely essential for limb formation and epidermal mor-
phogenesis including the formation of adnexa (teeth, hair, mammary and prostate
glands, and sweat and lacrimal glands). The p63-null animals have defects of the api-
cal ectodermal ridge and they show severe limb truncations or absence of limbs and
absence of skin, teeth, mammary, lachrymal or salivary glands and craniofacial [2, §].
The animals do not survive beyond a few days postnatally. Similar defects are found
in children affected by ectrodactyly, ectodermal dysplasia and facial clefts (EEC syn-
drome) and recently an autosomal dominant rare mutation in p63 gene has been shown
to be responsible for this syndrome.

The human and mouse p63 genes expressed as two major types: full-length pro-
teins containing the TA domain and AN proteins missing the TA domain. Each of them
was express at least three alternatively spliced C-terminal isoforms (a, B, v). P63 con-
taining the transactivation domain (TAp63) and amino-deleted p63 isoforms (ANp63)
exert distinct (often opposite) functions on stemness, cycle arrest, mobility and invasion
(epithelial-mesenchymal transition) and senescence. TAp63 induces cell death and cell
cycle arrest with tumor-suppressor features, wherecas ANp63 exerts oncogenic proper-
ties and is generally overexpressed in cancer. TAp63 and ANp63 (and their ratio) regu-
lates chemosensitivity that is of clinical importance for cancer diagnosis and prognosis
[9]. Generally, the more aggressive metastatic tumors lose p63 expression, suggesting
that p63 loss accelerates tumorigenesis and metastatic spread. Correspondingly, dis-
ruption of p63 in squamous cell lines results in upregulation of genes associated with
increased invasiveness and metastasis in tumors, This suggests that p63 is a marker of
epithelial tumors such as ductal carcinoma in situ of the breast or prostatic intraepithe-
lial neoplasia [4].

In postnatal epidermis, p63 expression is restricted to the nuclei of basal cells of
normal epithelia (skin, esophagus, tonsil, prostate, urothelium, ectocervix, and vagina)
and to certain populations of basal cells in glandular structures of prostate, breast, and
bronchi [8]. In the female reproductive tract, all six splice variants of p63 were ex-
pressed in cervical/vaginal epithelium, oocytes in ovary and in a subset of epithelial
cells in the ampulla of oviduct. Moreover, an antibody specific for AN forms detected
proteins only in cervical/vaginal epithelium but not in the uterus, ovary and oviduct
whereas TA splice variants were detected in oocyte.

In contrast, testicular germ cells were unreactive for AN or o isoforms, but reac-
tive with anti-pan-p63 antibodies. This confirms that ANp63 isoforms are expressed in
squamous/ basal epithelial and myoepithelial cells, while TAp63 forms are expressed
in germ cells. Protein for a-isoforms was expressed in squamous epithelial tissues and
oocytes. These expression patterns suggest functional differences in p63 isoforms in
adult male and female urogenital organs and mammary gland [7, 12, 13, 14, 15].

Data about expression of p63 protein in the main testicular cell during pre and
postnatal periods is quite limited. In addition, androgens are known to be essential for
initiation of meiosis during puberty and testosterone suppression induced neonatally
by DES or GnRHa inhibit meiotic differentiation of spermatocytes. In this respect the
aim of the present paper is to follow cellular localization and distribution of p63 in
germ cells during development of the testis and in the course of the first spermato-
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genic wave in normal and experimental conditions. Our study is focused on the ex-
pression of p63 during the cycle of the seminiferous epithelium and on stage specific
pattern of the p63 protein.

Materials and methods

Animals: Wistar rats, bred and maintained under standard conditions. We used experi-
mental model for manipulation of neonatal hormonal environment by treatment with
DES-10 pg and paraffin embedded tissue samples were provided by the Centre for Re-
productive Health in Edinburgh. Briefly, the testes and epididymides with the vas defer-
ens attached were fixed for ~5h in Bouins then transferred into 70% ethanol before being
processed for 17.5 h in an automated Leica TP1050 processor and embedded in paraffin
wax. Sections of Spum thickness were cut and floated onto silane coated slides dried at
50°C overnight before being used for morphological and immunohisochemical studies.

Immunohistochemistry: Unless otherwise stated, all incubations were performed
at room temperature for 30 min. Sections were deparaffinised and rehydrated. Antigen
retrieval procedure was applied by pressure-cooking for 5 min in 0.01M Citrate buffer,
pH 6.0 at full pressure. At this stage and after all subsequent steps, sections were washed
twice (5 min each) in Tris-buffered saline (TBS; 0.05M Tris-HCI, pH 7.4, 0.85% NaCl).
Endogenous peroxidase activity was blocked by immersing sections in 3% (v/v) H,0, in
methanol. To block non-specific binding sites, sections were incubated for 30 min. with
normal rabbit serum. Primary mouse monoclonal anti p63 antibody (sc0586 Santa Cruz
Biotech, USA) was used at dilution 1:500 and sections were incubated overnight at 4°C
in a humidified chamber. Biotinylated secondary anti-mouse IgG antibody (Dako) was
used at 1:500 dilution in blocking mixture followed by incubation for 30 min. with avi-
din-biotin conjugated to horseradish peroxidase (ABC-HRP; Dako) diluted in 0.05M
Tris-HCI, pH 7.4. Immunostaining was developed using 3,3’-diaminobenzidine (Liquid
DABplus; Dako), All sections were then lightly counterstained with hematoxylin. The
intensity of immunostaining was scored on an arbitrary scale ranging from negative (-)
through weakly positive (+) to intensely positive (++++).

Results

Our immunohictochemical studies on embryonal day 21.5 did not found any expression
of p63 proteins in the fetal rat testes. The negative large gonocytes (prespermatogonia)
are seen in the center of seminiferous cords. The similar negative reaction was observed
in the testes on postnatal day 8" and differentiating spermatogonia that actively prolifer-
ate are located on the basal membrane of the cords.

First faint expression of p63 proteins appeared on day 15" in the nuclei of single
pachytene spermatocytes adluminally located. On day 18" more immunopositive sper-
matocytes at stage middle pachytene were seen in the seminiferous tubules. Germ cells
in earlier stages of meiosis (leptotene and zygotene) are negative,

Strong immunoreactivity of p63 was evident on day 25™ and some stage specificity
can be seen as four type tubules can be distinguished based on the different association
of germ cell types (Fig. 1a). Spermatocytes at stage late pachytene are more intensively
stained compared to the spermatocytes at stage middle pachytene.

In the adult rat testes spermatogenesis is complete and fourteen stages of cycle of the
seminiferous epithelium are present. Stage specific pattern of expression of p63 proteins
is obvious and reaction is confined to the primary and secondary spermatocytes in the
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tubules from middle (VII-VIII) to late stages (1X-XIV) (Fig. 1c). Early pachytene sper-
matocytes in stages [-VI are negative for p63. Primary spermatocytes at middle pachy-
tene stage of meiosis are intensively stained. Strong immune-reactivity continues in late
pachytene spermatocytes in stages IX-XII of spermatogenic cycle. Primary spermato-
cytes at diplotene stage in X111 stage of the cycle are less immune-reactive that pachytene
germ cells. Weak expression can be seen in the nuclei of secondary spermatocytes in
stage XIV. More advanced postmeiotic germ cells, spermatids do not express p63.

The testes from rats treated neonatally with DES showed suppressed spermato-
genesis manifested by dramatic reduction in germ cell number, especially evident for
primary spermatocytes on day 18" and day 25%. In seminiferous tubules form 25 day
old DES treated testes single middle pachytene spermatocytes can be seen that exhibit
strong immuno-expression for p63 comparable to that in controls (Fig. 1b). In adult
DES treated testes of spermatocytes were less intensively stained compared to the con-
trols (Fig. 1d).

Paraffin sections from ductus deferens of 18 day old control rats were used as posi-
tive control where strong expression is shown in basal epithelial cells (Fig.1e). For vali-
dation of the DES treatment sections form ductus deferens of 18 day old DES treated
rats were used where lack of p63 and altered basal cells differentiation were reported in
our previous study (Fig. 1) [1].

CONTROL DES

25d testis

adult testis

18d d. deferens

Fig. 1. Immunoexpression of p63 in the germ cells (spermatocytes) of con-
trol rat and DES treated testes on day 25 (a, b) and in adulthood (¢, d). Posi-
tive controls from ductus deferens from control and DES treated rats on day
18 (e, f). Note basal epithelial cells are labelled

52



Semi-quantitative and schematic presentation of immunoexpression of p63 proteins
during the stages of spermatogenic cycle is shown on is shown on table 1 and fig. 2.

Table 1. Semi-quantitative immunoexpression of p63 in the stages of spermatogenic cycle

Stages of the VI VIV IX-XII X1 X1V
cycle
Type of early middle ) - secondary
spermatocyte pachytene pachytene late pachytene diplotene spcrmatocytes
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Fig. 2. Schematic presentation of immunoexpression of p63 during spermatogenic cycle

Discussion

All the three member of p53 family were expressed in the mouse testis [12]. In the
mammalian testis, it has been shown that p53 plays important roles in the regulation of
germ cell apoptosis and meiosis. P53 is expressed in spermatocytes demonstrated by
immunohistochemistry and iz situ hybridization [18]. The knockout of p53 gene results
in increased number of abnormal gametes due to suppression of spontancous apoptosis
[19]. In the testis, however, participation of p63 to DNA damage-induced apoptosis has
not proved yet.

53



Immunohistochemical studies by Hamer et al. [5] revealed presence of p73 in the
cytoplasm of spermatogonia, spermatocytes, residual bodies, as well as in the nuclei
of spermatocytes and round spermatids. In contrast to the p73 -/- mice, in which no
structural abnormalities were found in reproductive organs of either male or female by
histology, the function of p63 in spermatogenesis is obscure, since p63 null mice born
with severe developmental defects and die soon after birth [12].

In our study we used an anti-p63 antibody (4A4 Santa Cruz Biotechnology, Cali-
fornia, USA) raised against the amino terminus of ANp63 (amino acids 1-205). Since
15-205 amino acid region of ANp63 is a DNA binding domain which coincides with
111-301 amino acids of Tap63, this antibody reacts with all six p63 variants of mouse,
rat and human origin in Western blotting and immunohistochemistry.

Our developmental study demonstrated specific reaction for p63 protein in the
nuclei of meiotic germ cells (spermatocytes) and is in concern with data by Hayashi
et al [6] in rat and by Nakamuta and Kobayashi [13] in mice. As expression of p63 in
primary spermatocytes at early puberty coincides with appearance of Notch 1 and its
ligand Jagged 2 [6], p63 was suggested to governs the balance between development,
differentiation and apoptosis of germ cells through the Notch signaling system and p53
target genes. Moreover, our detailed observation on the expression of p63 during the
cycle of seminiferous epithelium provide new data about stage specific localization of
p63 protein in primary spermatocytes from middle pachytene till diplotene stage of
prophase I of meiosis and in secondary spermatocytes, as well. On day 25 (mid puberty)
four type/stages of seminiferous tubules can be distinguished where different intensity
of immune reaction was found. In adult testes we observe expression of p63 in stages
VII-XIV of the spermatogenic cycle. Nuclear localization of p63 proteins at specific
stages of spermatogenesis suggests their involvement in the regulation of cellular func-
tion during spermatogenic cell differentiation. On the other hand p53 is also expressed
in spermatocytes [18]. Since TAp63 can transactivate p53-response genes and induce
apoptosis, and the localization of p63 in developing testis was coincided with those of
p53, TAp63 might induce the transcription of genes required for the cell cycle regula-
tion or apoptosis of germ cells synergistically with p53 [13].

In our study we did not found any reaction of p63 in mitotic dividing germ cells
-spermatogonia of developing and adult testes and they confirm observations in rat and
mice by the authors mentioned above [6, 13]. However, Nakamuta and Kobayashi [12.
14] provide data for early expression of p63 since embryonal day 8.5 (e8.5) in primor-
dial germ cells in hindgut to e11.5 in genital ridge that continues later in fetal male and
female gonads. An important role of p63 in migration of germ cells and their coloniza-
tion to the gonads is suggested. There are no differences between males and females
as for the role of p63 in primordial germ cells before the germ cells are determined
their different developmental fates to the testis or ovary. As opposite events occur in
the fetal male and female gametogenesis specific pattern of p63 expression in mouse
fetal gonads are found. In the fetal testes p63 was seen in the proliferating prespermato-
gonia from e12.5 to e18.5 and then protein expression declines and diminishes during
quiescent period prior to resumption of germ cell development after birth. In contrast.
germ cells in fetal ovary enter meiosis before birth, and arrest at the prophase of the first
meiotic division, which do not complete until a few hours before ovulation. Moreover
p63 protein is confined to the oocytes of primordial and primary follicles and expression
is lost as follicles develop [16]. Despite the significant differences between male and
female gametogenesis, there is temporal and spatial expression of p63 protein in germ
cells involving early fetal events and resumption of cell cycle progression at puberty.
Hence, an important role for p63 in cell cycle control and in regulation of germ cell
development/meiosis is suggested.
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Our study on developing and adult rat testes does not find any localization of p63
in postmeiotic stages of spermatogenesis — round spermatids as it was reported in mice
by Nakamuta and Kobayashi [13]. This discrepancy could reveal some species specific-
ity in expression of p63 proteins.

A study by Petre-Lazar et al. [16] followed ontogeny of each p63 mRNA iso-
forms during testis development to demonstrate correlation between their expression
and gonocyte activity (proliferation/apoptosis versus quiescence). As p63y mRNA and
protein are strongly expressed in quiescent gonocytes, the y isoforms appears to be the
determining factor in these processes, rather than the balance between p63 N-terminal
isoforms (TA and AN). P63 is suggested to be involved in spontaneous apoptosis in the
germ cell lineage. There are many pro-apoptotic factors that are up-regulated by Tap63y
in different models and the Bcl2 and the Notch families may be also involved in apop-
tosis of postnatal germ cells.

As p63-/- mice died at birth Petre-Lazar et al [16] performed in vitro studies us-
ing tissue fragments of fetal testes from p63 -/- and p63 +/+ mice. Invalidation of p63
resulted in an increase number of gonocytes during the culture period of 3 days due to
a decrease in spontaneous apoptosis. Lack of p63 also caused abnormal morphology
of germ cells (giant cells) that was found in p63 +/- adult male mice. These giant germ
cells are reported in rat neonatal testes after treatment with phthalate (DBP) [3] as well
as in human testicular carcinoma in situ which is thought to originate from the abnormal
differentiation of fetal gonocytes, possibly after exposure to estrogens or xenoestrogens
[17]. The potent synthetic estrogen, diethylstilbestrol also has been reported to perturb
p63 expression in the Mullerian duct [7] and in basal cells of developing rat epididymis
and ductus deferens [1].

In conclusion, our results demonstrated that p63 is developmentally regulated in
the testis as well as throughout the spermatogenic cycle and possibly changed with apo-
ptotic and mitotic activity of germ cells. P63 is suggested to have clinical importance
playing a role in preventing testicular lesions as apoptosis provides a mechanism for
removing incorrectly differentiated gonocytes, which are thought to give rise to germ
cell tumors.
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Abstract: Levels of N-Ac-B-D-mannosamine-binding proteins were higher in the culture medium from
MCF-7 (human adenocarcinoma cells) treated with Co(Chol),.2H,0 and La(Chol), 2H,O as com-
pared their levels in the culture medium from non-treated cells. We also found higher levels of D-
galactosamine- mannose- and galactose-binding proteins in culture media from tumor cells treated with
Cu(Chol),.4H,0, Co(Chol),.2H,0 and La(Chol), 2H,0, as compared to their levels in the culture media
from non-treated cells. D-glucosamine-binding proteins were down-regulated after treatment with all
of the metal complexes. Treatment of MCF-7 with La(Chol), 2H,0O led to higher levels of N-Ac-D-glu-
cosamine- and D-mannosamine-binding proteins in the culture medium, compared to non-treated cell.
D-fucose-binding proteins were up-regulated in cell culture treated with Co(Chol),.2H,0 and La(Chol),
2H,0, as compared to their expression in non-treated cells.

Key words: carbohydrate-binding proteins, MCF-7 adenocarcinoma, metal complexes.

Introduction

Carbohydrate-binding proteins (CBPs) play important role in the processes of malignant
transformation and metastasis in a variety of tumor cells. Qualitative and quantitative
changes in the expression of intracellular and cell surface galectins have been correlated
with transformation and metastasis of tumor cells [7]. Carbohydrate-binding proteins
with specificities other than galactose are expressed in many tumor cells. However their
role in tumor cell biology is not as clear as the role of galectins. Fucose-binding proteins
are expressed in rhabdomyosarcomas [2] and human epithelial tumor [3]. Liver metas-
tases of three other types of primary tumors showed a tendency towards preferential
expression of additional fucose-binding proteins [6]. Secretion of these carbohydrate-
binding proteins was not followed up, but such secreted receptor could participate in
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cell adhesion phenomena through binding to terminal fucose residues on the complex
type N-linked glycans. Mannose—binding proteins were found in human teratocarci-
noma cells [4]. Specific anti-carbohydrate immunotherapy of Guerin tumor cells cor-
relate strongly with their proliferation index [1]. Metastatic lesions to lung from three
different types of primary tumors revealed tumor-associated mannan-binding proteins
[6]. Spontaneous strongly metastatic variants (ESb) of a murine lymphoma contained
additional sugar receptors for N-acetylglucosamine. In another model system derived
from the murine mastocytoma cell line P815x2A, biochemical analysis of the liver-
metastasizing variant P815x2B revealed additional characteristic acetylgalactosamine-
and maltose-specific binding proteins [5].

Materials and Methods

Synthesis of metal complexes of cholic acid: A solutions of 10 ml containing 0.5
mM of Cu(CH,CO0),H,0, Co(NO;) 6H,0, La(NO,) 6H,0 were added to 10 mi 1
mM solution of sodium cholate (C,,H,,0,Na). The resulting mixture was stirred and
heated for 1 hour. Formed precipitates were filtered, washed with water and dried
over P,O,,.

Culturing and treatment of MCF-7 cells: MCF-7 (human breast adenocarci-
noma) cells were routinely grown as monolayer cultures in a combination of E-199
and Iscove’s modified Dulbecco’s medium (IMDM) supplemented with 10% fetal
calf serum, penicillin (100 U/ml) and streptomycin (100 mg/ml). The culture was
maintained at 37 °C, 5% CO, in a humidified atmosphere. At the 24" h cells from
monolayers were washed and covered with media modified with 100 mg/ml of the
compound examined.

Haemagglutination experiments: Agglutination assays were done in microtitter
U plates using serial two-fold dilutions of cell culture samples. For sugar inhibition
studies, 1 M of the corresponding sugars were added in place of the 0.15 M NaCl and
preincubated with the lectin source for 30 min at room temperature.

Results

N-Ac-f—D-mannosamine-binding proteins: levels of N-Ac-B-D-mannosamine-
binding protein were of the same order in MCF-7 cells treated Co(Col),.2H,0O and non-
treated cells. The highest levels of expression were found in the culture medium from
MCF-7 cells treated with Cu(Chol),.4H,0, whereas tumor cells treated with La(Chol),
2H,0 complex expressed an intermediate levels of N-Ac-B-D-mannosamine-binding
proteins, see Fig 1.

D-galactosamine-binding proteins: CBPs with specific to D-galactosamine in
treated MCF-7 cells were upregulated compared to non-treated cells, see Fig. 1. Among
treated cells the ones treated with La(Chol), 2H,O secreted the highest levels of D-
galactosamine CBP in the culture medium.

D-mannose-binding proteins: We found higher levels of D-mannose CBPs
in treated cells compared to non-treated ones, see Fig. 1. Tumor cells treated with
La(Chol), 2H,0 complex had the highest levels of D-mannose-binding proteins in their
culture media when compared to levels of these CBPs in culture medium from tumor
cells treated with Cu(Chol),.4H,0, Co(Chol),.2H,O complexes.
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D-glucosamine-binding proteins: We found that levels of D-glucosamine specific
carbohydrate-binding proteins were lower in culture media from MCF-7 cells treated
with Cu(Chol),.4H,0 and La(Chol), 2H,0, as compared to the levels of these CBP in
culture medium from tumor cell treated with the Co(Chol),.2H,0 complex, see Fig. 1.
Culture media from tumor cells treated with Co(Chol),.2H,0 and La(Chol), 2H,0 had
lower levels of D-glucosamine-binding proteins, as compared to their levels in non-
treated cells.
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Fig. 1. Inhibition of haemagglutination with N-Ac-f-D-mannosamine, D-galactosamine, mannose
and D-glucosamine between rat erythrocytes and culture media from MCF-7 breast adenocarci-
noma cells treated with 100 pg/ml Cu(Chol),.4H,0 (Cu), Co(Chol),.2H,0 (Co) and La(Chol),
2H,0 (La) complexes of the cholic acid. Culture media from non-treated cells (nontreated), only
culture media (control).

N-Ac-D-glucosamine-binding proteins: N-Ac-D-glucosamine CBPs were upreg-
ulated in treated MCF-7, as compared to their levels in the control, see Fig. 2. Culture
media from MCF-7 tumor cells treated with 100 pg/ml La(Chol), 2H,O had higher
levels of this carbohydrate-binding protein, as compared to tumor cells treated with
Cu(Chol),.4H,0 and Co(Col),.2H,O.

Galactose-binding proteins: We found that the levels of carbohydrate-binding
proteins (CBPs) with specificity towards galactose were higher in culture media from
MCF-7 cells treated with 100 pg/ml Cu(Chol),.4H,0, Co(Chol),.2H,0O and La(Chol),
2H,0, as compared to their levels in culture medium from cells without treatment, see
Fig. 2. The highest levels of expression of this CBP were detected in the tumor cell
treated with Cu(Chol),.4H,0.

Fucose-binding proteins: D-fucose CBPs were upregulated in treated cells, com-
pared to non-treated, see Fig. 2. MCF-7 cells treated with La(Chol), 2H,O had the high-
est secretion of fucose-binding proteins in the culture media.

Mannosamine-binding proteins: Mannosamine-specific carbohydrate-binding
proteins were found to be down regulated in MCF-7 cells treated with 100 pg/ml
Cu(Chol),.4H,0, Co(Chol),.2H,0, as compared to the levels of these CBPs in non-
treated cells, see Fig. 2. La(Chol), 2H,O treated cells had the highest expression of
mannosamine-binding proteins.
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Fig. 2. Inhibition of haemagglutination with N-Ac-D-glucosamine, galactose, D-fucose and D-
mannosamine. HCI between rat erythrocytes and culture media from MCF-7 breast adenocarci-
noma cells treated with 100 pug/ml Cu(Chol),4H,O (Cu), Co(Chol),.2H,0 (Co) and La(Chol),
2H,0 (La) complexes of the cholic acid. Culture media from non-treated cells (nontreated), only
culture media (control)

Discussion

Carbohydrate-binding proteins (CBPs) are usually up-regulated in many tumor cell
lines. CBPs are involved in biological events concerning tumor behavior such as homo-
and heterotypic cell adhesions and adhesion to the extracellular matrix (ECM). The aim
of our study was to evaluate expression and secretion of carbohydrate-binding proteins
in culture media from MCF-7 adenocarcinoma cells treated with metal complexes of
the cholic acid. To our knowledge there are no data on the influence of cholic acid and
its metal complexes on expression of tumor associated carbohydrate-binding proteins.

We followed up expression of carbohydare-binding proteins with different spe-
cificities in Guerin tumor cells treated with metal complexes of the cholic acid. For
N-Ac-p-D-mannosamine-binding proteins we found that Cu(Chol),.4H,0 complex is
most potent effector for upregulation of these proteins. On the other hand D-galac-
tosamine-binding proteins were upregulated after treatment with La(Chol), 2H,0O com-
plex. Similar to D-galactosamine-binding proteins, D-mannose-binding proteins were
also upregulated after treatment with La(Chol), 2H,0 complex. Levels of expression
of D-glucosamine-binding proteins were higher after treatment with Co(Chol),.2H,O
complex. Upregulation of N-Ac-D-glucosamine-binding proteins was also observed
after treatment of tumor cells with La(Chol), 2H,0O complex. Expression of Galactose-
binding proteins, on the other hand, was affected by all three of the investigated metal
complexes. Treatment with La(Chol), 2H,0 complex of cholic acid led to upregulation
of Fucose-binding proteins and Mannosamine-binding proteins.

In conclusion we can say that La(Chol), 2H,O complex of cholic acid is the most
potent effector leading to upregulation of five of all 8 investigated carbohydrate-binding
proteins. Following-up expression of CBPs can be helpful to assess treatment of tumor
cells. Combined with measuring of the proliferation index expression of these proteins
can be used to follow effectiveness of anti-cancer drugs.

Acknowledgements. This study was partially supported by Grant CC 1402/2004, National Scientific
Council, Ministry of Education and Science, Bulgaria.
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In vitro-cultivation of human oral mucosa
epithelial cells and tissue explants

as a modern method for applications in therapy
of limbal stem cell deficiency. A pilot study
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Possibilities for application of oral mucosa epithelial cells and tissue explants for development of novel
therapeutic strategies in ocular limbal stem cell deficiency were examined. For this goal, because of the
proved expression of limbal epithelial stem cell markers, epithelial stem cells and tissue explants from
human oral mucosa were in vitro-cultivated in appropriate laboratory conditions. Techniques for substrate
adhesion of the isolated cells and tissue explants from human oral mucosa on glass or plastic lamella,
previously treated with poly-L-Lysine, with gelatine and with Fetal Calf Serum (FCS), respectively,
were tested. All cells were characterized on the basis of their morphological characteristics: shape,
presence or appearance of mitotic figures, as well as confluence and adherence on the substrate used.
Formation of both adherent and non-adherent cell sheets, consisting of cells with different morphology
and maturation degree, was observed. Future experiments in this direction should be connected mainly
with cultivation of oral mucosa tissue explants and epithelial cells, on a bio-membrane in its role of
appropriate biological substrates, as well as with proof of specific markers in them, about eventual
possibilities for future applications in construction of implants for the needs of reparative ophthalmology.

Key words: human oral mucosa, epithelial stem/progenitor cells, tissue explants, in vitro-cultivation.

Introduction

The concept of limbal stem cells (LSCs) has been imposed from the combined presence
in them of markers for cell differentiation (as Keratins K3, K12, Connexin Cx43, etc.),
as well as of stem cell markers (Keratin K19, ABCG2, protein p63, Vimentin, Nestin,
Integrins 1 and 09, Enolase) [6, 16-18]. Those cells are localized in the so named limbus
(Limbus corneae). In the normal ocular surface it has been characterized as covered of
highly specialized cells [2-4, 7, 9, 15, 16]. Respectively, the improvement and develop-
ment of novel therapeutic strategies is necessary in the treatment of limbal stem cell
deficiency (LSCD) [8, 13-17], which could be a result of Stevens-Johnson syndrome
(SJS), ocular cicatricial pemphigoid, as well as different types of mechanical, physical
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and/or chemical injury [11]. As a potentially hopeful method in this aspect, the applica-
tion of oral mucosa epithelium as a source of epithelial stem cells, has been discussed
[2,8,13-17].

Cultivated autologous oral mucosal epithelial transplantation has been character-
ized as successful tissue-engineering technique for generation of autologous epithelial
cells and/or tissue explants for therapeutic practice, and, in particular, in reconstructing
the ocular surface in different cases of LSCD [11, 14, 20]. Analogically to the normal
ocular surface, the normal oral cavity has been found to contain several different types
of stratified squamous epithelia, including as nonkeratinized, parakeratinized and or-
thokeratinized [10, 20]. The longevity of epithelial cell cultures, derived from normal,
nonpathologic oral mucosa, has been described as dependent of the length of time in
culture or of the number of passages and population doublings [10].

In this direction, the main idea was connected with initial studies on development
of novel methods for laboratory cultivation of tissue explants and cells from human oral
mucosa, for eventual effective and safe treatment in different cases of LSCD.

Materials and Methods

Different combinations of the growth media Dulbecco’s Modified Minimal Essential
Medium (DMEM) and Ham’s or of DMEM and F12 were used. Those media mixtures
were supplemented with 10% Fetal Bovine Serum (FBS) and antibiotic mixture (100
Ul/ml Penicillin, 0.25 mg/m! Streptomycin and 0.25 mg/ml Amphotericin-B). Subse-
quently, L-Glutamine, 10 ng/ml Epidermal Growth Factor (EGF - Sigma-Aldrich), 5
ng/ml Insulin, 0.4 pg/ml Hydrocortisone, 24 pug/ml Adenine, as well as 2% ml/ml con-
ditioned cultural fluid of previously cultivated in it 3T3 feeder cells (fibroblasts from
embryos of Balb/c experimental mice), were added. The isolated cells and tissue ex-
plants from human oral mucosa were seeded directly on plastic or glass lamella, previ-
ously treated with poly-L-Lysine, Gelatine and/or FCS, respectively, which were put in
appropriate dishes for cultivation with liquid growth media, and incubated at 37°C, in
incubator with 5% CO, and 95% air humidity. The so prepared cultures of cells and tis-
sue explants were observed as native preparations by inverted light microscope (Leica),
supplied with mega-pixel CCD-camera.

Results and Discussion

Because of the proved expression of some markers, also indicated in limbal stem cells
[3, 6,10, 11, 14, 15, 19, 20], epithelial cells from oral mucosa were analogically in
vitro-cultivated.

Cells with different morphology and in different stages of proliferation and matu-
ration were observed, which could be confirmed by the established changes in their
shape — round, oval or polygonal, respectively (Fig. 1). Probably, those signs depend
on the stage of cell differentiation: round and/or oval cells (Fig. 1A, B), cell sheets,
composed mainly of undifferentiated cells with round and/or oval shape (Fig. 1B) and
clusters, composed mainly of more differentiated polygonal cells and small amounts
of early epithelial progenitors (Fig. 1D, E). These features were observed in use of the
three different types of substrates for seeding of the cells.

In seeding of tissue explants from human oral mucosa, gradual separation of
smaller tissue fragments, composed mainly of undifferentiated cells with round and/or
oval form, could be seen (Fig. 2). Here again these characteristics were present inde-
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D E
Fig. 1. Human oral mucosa epithelial cells in different phases of proliferation
and differentiation: in early phases of differentiation, characterizing with round
and oval shape (A) and (B); cell sheets, composed of many actively proliferating
early cell progenitors in different sub-stages, characterizing with round and oval
shape, but only few amounts of more differentiated cells with polygonal shape

could be seen (C); cell sheets, composed mainly of mature epithelial cells with
polygonal form (D) and (E) (Native preparations)

c D

Fig. 2. Tissue explants from human oral mucosa epithelium on dif-
ferent hours from their direct seeding in liquid growth medium:
Gradual separation of smaller tissue fragments, composed mainly
of undifferentiated cell progenitors cells with round and oval form,
could be seen (Native preparations)



pendently of the used substrate. Those our results were in agreement with the literature
findings about the proved different types of stratified epithelia in the oral mucosa zone
(Fig. 2A) [10]. The noticed increase in the sub-populations from the separate cells in the
tissue explants in the time was accepted as a proof for their strong proliferation capacity
(Fig. 2B-D).

Conclusion

In in vitro-incubation of cells and tissue explants from human oral mucosa, cclls with
different shape and morphology, in different stages of proliferation and differentiation
were noted. A proof for their strong proliferation capacity was the observed increase in
the cell sub-populations.

Future studies, connected particularly with proof of limbal stem ccll markers in
the so cultivated tissue explants and epithelial cells from oral mucosa, but also of tech-
niques for their laboratory cultivation on appropriate substrates for the needs of repara-
tive ophthalmology, are necessary.

References

1. Buck, R. C. Measurement of centripetal migration of normal corncal epithelial cells in the mouse.
— Invest. Ophthalmol. Vis. Sci.., 26, 1985, 1296-1299.

2.Chen,Z,C.S.de Paiva,L.Luo,F.L.Kretzer,S.C.Pfugfeldcr, D.Q.L 1. Characteriza-
tion of putative stem cell phenotype in human limbal epithelia. — Stem Cells, 22, 2004, 355-366.

3.Collin,C.,J.P.Ouhayoun, C. Grund, W. W. Fran k. Suprabasal marker proteins distin-
guishing keratinizing squamous epithelia: cytokeratin 2 polypeptides of oral masticatory epithe-
lium and epidermis are different. — Differentiation, 51, 1992, 137-148.

4.Collison,JM,L.Morris,A LReid, TRamaesh, M. A.Keighren J.H.Flockhart,
R.E.Hill,S.S. Tan,K. Ramaesh, B.Dhillon, J. D. West. Clonal analysis of patterns
of growth stem cell activity, and cell movement during the development and maintenance of the
murine corncal epithelium. — Dev. Dyn., 224, 2002, 432-440.

5. Cotsarelis, G., Cheng, S. Z., Dong, G., Sun. T. T,, Lavker, R. M. Existence of slow-cycling limbal
epithelial basal cells that can be preferentially stimulated to proliferate: implications on epithelial
stem cells. — Cell., 57, 1989, 201-209.

6.Di lorio,E.,V.Barbaro,A.Ruzza,D.Ponzin, G.Pellegrini,M.de Luca. Isoforms
of DeltaNp63 and the migration of ocular limbal cells in human corneal regeneration. — Proc. Natl.
Acad. Sci. U. S. A, 102, 2005, 9523-9528.

7.Dua, H. S, V.A. Shanmuganathan, A. O.Powell-Richards, P.J. Tinghe, A. Jo-
s e p h. Limbal epithelial crypts: a novel anatomical structure and a putative limbal stem cell niche.
- Br. J. Ophthalmol., 89, 2005, 529-532.

8. Duan,H,Y Wang.L. Yang, M. Qu, Q. Wang, W. Shi, Q. Zhou. Pluripotin enchances the
expansion of rabbit limbal epithelial stem/progenitor cells /n vitro. — Exp. Eye Res., 100, 2012,
52-58.

9.Espana, EEM.,T.Kawakita,A. Romano,M. Di Pascuale.R.Smiddy,C.Y. Liu,S.
C. Tseng. Stromal niche controls the plasticity of limbal and corneal epithelial differentiation
in the rabbit model of recombined tissue. — Invest. Ophthalmol. Vis. Sci., 44, 2003, 5130-5135.

10. Grafstrom, R. C. Human oral epithelium. — Culture of Epithelial cells, Second Edition, Edited by
R. [an Freshney and Mary G. Freshney, 2002.

I1.Hansson,A,B.K.Bloor,Y. Haig,P.R.- Morgan,J.Ekstrand, R.C.Grafstrom. Ex-
pression of keratins in normal, immortalized and malignant oral epithelia in organotypic culture.
- QOral Oncol., 37, 2001, 19-30.

12.Inatomi, T, T Nakamura,N.Koizumi,C.Sotozono,N.Yokoi,S.Kinoshita. Mid-
term results on ocular surface reconstruction using cultivated autologous oral mucosal epithelial
transplantation. — Am. J. Ophthalmol., 141, 2006, 267-275.

5 Acta morphologica et anthropologica, 20 65



13.

14.

15.

16.

17.

18.

19.

20.

66

Lemp, M. A, W. D. Mathers. Corneal epithelial cell movement in humans. — Eye, 3, 1898,
438-473.

Nakamura, T,T.Inatomi, C.Sotozono, T Amamiya,N.Kanamura S.Kinosh-
ita. Transplantation of cultivated autologous oral mucosal epithelial cells in patients with severe
ocular surface disorders. ~ Br. J. Ophthalmol., 88, 2004, 1280-1284.

Nakamura, T, T.Inatomi, C. Sotozono,L.P K. Ang,N.Koizumi,N.Yokoi, S.Ki-
noshita. Transplantation of autologous serum-derived cultivated corneal epithelial equivalents
for the treatment of severe ocular surface disease. — Ophthalmology, 113, 2006, 1765-1772.

Nguyen, P, S. C. Yiu. Ocular surface reconstruction: recent innovations, surgical candidate se-
lection and postoperative management. ~ Exp. Rev. Ophthalmol., 3(5), 2008, 567-584.

Pellegrini,G,E.Dellambra, O. Golisano, E. Martinelli,I. Fantozzi, S. Bon-
danza, D. Ponzin, FF. McKeon, M. De Luca. p63 identifies keratinocyte stem cells. ~
Proc. Natl. Acad. Sci. U. S. A., 98, 2001, 3156-3161.

Pellegrini,G.,0.Golisano,P.Paterna,A.Lambiase,S.Bonini,P.Rama, M. De
Luca. Location and clonal analysis of stem cells and their differentiated progeny in the human
ocular surface. — J. Cell Biol., 145, 1999, 769-782.

Schermer, A, S.Galvin, T. T. Sun. Differentiation-related expression of a major 64K corneal
keratin in vivo and in culture suggests limbal location of corneal epithelial stem cells. — J. Cell
Biol., 103, 1986, 49-62.

Vondracek, M., X. Zheng, P. Larsson, V. Baker, C. Mace, A. Pfeifer, H. Tjdlve.
Grafstrém, R. C. Cytochrome P450 expression and related metabolism in human buccal mucosa.
— Carcinogenesis, 22, 2001, 481-488.



Institute of Experimental Morphology, Pathology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 20
Sofia e 2014

Treatment of the Grajffi Tumor in
Hamsters Using Plasmonically Activated
Gold Nanoparticles

Yossifova Liliya', Elena Gardeva’, RenetaToshkova'*,
Nikolay Nedyalkov’, Marin Alexandrov' and Petar Atanasov’

! Institute of Experimental Morphology, Pathology and Anthropology with Museum —

BAS, Acad. G. Bonchev Str, bl. 25, 1113 Sofia, Bulgaria

? Acudemician Emil Djakov Institute of Electronics - BAS, 72, Tzarigradsko chaussee Blvd,

1784 — Sofia, Bulgariu

* Corresponding author: Assoc. Prof. Dr. Reneta Toshkova, Institute of Experimental Morphology,
Pathology and Anthropology with Museum - BAS, Acad. G. Bonchev Str, bl. 25, 1113 Sofia, Bulgaria;
Tel. 00359 2 979 2343

Summary. Local application of heat is a well-known concept in therapeutic medicine that has been
explored extensively for the treatment of cancer and other conditions. This study has been designed to
determine the photothermal properties of plasmonically heated gold nanoparticles (GNPs) in vivo, using
experimental animal model - solid myeloid Graffi tumor in hamsters. Combining cytochemical, bio-
chemical and histopathological methods we found that combination of GNPs (40 nm and 100 nm) and
laser treatment with different characteristics of the laser beam resulted in localized heating and causing
local destruction of the tumor tissue, prolonged survival rate and mean survival time of the tumor bear-
ing animals. This study demonstrates that GNPs are a novel class of photothermal agents which cause
cell injury and death through conversion of absorbed light to thermal energy.
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Introduction

The revolution in cancer therapy has taken place by emerging use of laser light to
achieve controlled and confined thermal damage in the tumor tissue. Laser is an optical
source that emits photons in a coherent and narrow beam [1]. Noble metal nanopar-
ticles have become very useful as agents for photothermal therapy of their enhanced
absorption cross sections, which are four to five orders of magnitude larger than those
offered by conventional photoabsorbing dyes. This strong absorption ensures effec-
tive laser therapy at relatively lower energies rendering the therapy method minimally
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invasive. Irradiation with short laser pulses has been shown to lead to rapid heating of
the particles and vaporization of thin layer of fluid surrounding each particle, produc-
ing microscopic explosions and bubble formation [3-5, 7-9]. Clusters formed by the
assembly of gold nanoparticles enhance the bubble formation, causing more efficient
cancer cell killing [8].

Aim

The aim of the present study is to elucidate the effects of local application of gold nano-
particles in combination with laser beam irradiation on parameters of the tumor growth
and histopathological evaluation of the tumor tissue damage.

Materials and Methods

Golden Syrian hamsters, 2-4 months old, weighing approximately 100 g were pur-
chased from a breeding base Oncology Center, Sofia. The animals were divided into ex-
perimental groups and were kept under standard conditions in individual plastic cages
with free access to food and water. All studies were performed in accordance with the
Guide for Care and Use of Laboratory Animals, as proposed by the Committee on Care
Laboratory Animal Resources, Commission on Life Sciences and National Research
Council. An experimental Graffi myeloid tumor was created and maintained monthly
in vivo by subcutaneous transplantation of live tumor cells by method described by
Toskova et al., 2008 [6]. Spontaneous regression in this experimental tumor model was
not observed. The tumors were irradiated using Nd-YAG laser at A = 532 nm, pulse
duration T p= 15 ns and repetition rate 1 Hz. Gold nanoparticles (GNP) with diameters
of 40 nm and 100 nm (BBlInternational, Cardiff, UK) were used as colloid solutions
without surfactants, stabilizers or enhancers. Changes in tumor volume and mean sur-
vival time (MST) of tumor-bearing hamsters after combination laser/GNP therapy were
followed. Untreated tumor-bearing and healthy animals were used as controls. Samples
of tumor tissue were selected for histopathological studies. They were obtained from
animals from each experimental group and were processed and stained with haema-
toxylin-eosin according to the standard histological technique. At the 72nd hour after
treatment, experimental tumor bearing animals from different groups were euthanized.
The solid tumors were dissected and selected parts were immediately fixed for 48 hours
in 10% phosphate buffered formalin pH 7.2 (end formalin concentration was 3,8 —4%),
included in paraffin and cut in sections of 4 pm. Representative histological sections
were stained with hematoxylin-eosin.

Some experiments were carried out aimed to clarify whether inhibition of prolif-
eration of Graffi tumor cells takes place through apoptosis. For this purpose primary
culture of Graffi tumor cells were cultured for 4 h on coverslips, then colloid gold was
added to each sample in end concentration 10 pg/mL and cells were cultured for 24
hours to ensure the passive transport of the GNPs into the tumor cells. Cells were ir-
radiated with Nd-Yag laser system with parameters of the laser beam depending on the
requirements of the experiment. After two hours fluorescent analysis was performed.
AO stains both viable and dead cells emitting strong green fluorescence, as a result of
intercalation between the bases of double-stranded DNA and red-orange fluorescence
after binding to single-stranded RNA [2]. In contrast, PI is a fluorochrome which does
not stain viable cells with intact cell membrane. It stains the dead and late apoptotic
cells with altered cell membrane permeability.
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Results and discussion

Morphological changes in Graffi tumor cells treated with gold nanoparticles and irra-
diated with laser beam with different energies observed with fluorescent microscopy
are shown in Fig. 1. The nucleus of the untreated Graffi cells showed homogenous
fluorescence with no signs of segmentation and fragmentation. Cells treated with
gold nanoparticles and irradiated exhibited different signs of early and late apopto-
sis. The obtained results support the claim that the combination of gold nanoparticles
(40 nm and 100 nm) and laser irradiation induces death of Graffi tumor cells through
apoptosis.

Fig. 1. Fluorescent micrography of Graffi tumor cells, stained with acridine orange and ethid-
ium bromide. Bar = 20 pm

The combination of GNP and laser therapy on hamsters with Graffi tumor showed
temporary positive effect on the metric parameters of the tumor growth, expressed in
reduction of tumor volume and prolonged mean survival time (data not shown).

The results observed in native scanned histological preparations showed that at the
72nd hour after treatment (Fig. 2) a narrow zone of necrotic effect in the tumor tissue.
This zone lays on the axis of action of the laser beam and is well pronounced when
the tumor was treated with 40 nm gold nanoparticles, while in tumors treated with 100
nm nanoparticles this zone of destruction is much wider (Fig, 2A). At the 7th day after
the treatment the zone of necrotic alterations in the tumor tissue is unclear due to the
lateral growth of the tumor tissue, remained unaffected from the photodynamic therapy
(Fig. 2B). In the cases with small tumor formations the neoplastic tissue was totally
destructed (data not shown).

The treatment of Graffi tumor bearing animals with gold nanoparticles and laser
irradiation induces pathomorphological changes in the zone of treatment, shown in Fig-
ure 3. These changes detected by pathohistological methods could be classified in the
following zones:
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Fig. 2. Solid Graffi tumor in hamsters at 3rd (A, A') and 7th (B, B') day
after combined treatment with nanoparticles and laser. (A, B) — Zone of
tumoricide effect on the neoplastic tissue (arrow) after treatment with
gold nanoparticles (40 nm) and laser (80 mJ/ecm?) at 3rd and 7th day re-
spectively; (A', B') — Zone of tumoricide effect on the neoplastic tissue
(arrow) after treatment with nanoparticles (100 nm) and laser (80 mJ/cm?)
at 3rd and 7th day respectively. Scanned native histological preparations

LASER beam

|

<€——Neoptastuc tussye ——»}€——Dead t

Fig. 3. Solid mycloid Graffi tumor in hamster, inoculated with gold na-
noparticles (40 nm). (A) — untreated surface with intact structure; (B) —
totally destructed skin and neoplastic tissue in laser treated tumor; (C)
from top to bottom — skin, dead tumor tissue and viable neoplastic tissue.
Hematoxylin- eosin



a. Superficial zone of total necrotic tissue (SZTNT) — necrotic tumor cells as cell
debris with nuclear fragments or entirely lytic cells with pale nuclei (Fig. 4a);

b. Middle superficial zone of necrotic tissue (MSZNT) — Iytic cells and basophilic
agglomerations. (Fig. 4b);

c. Middle deep zone of necrotic tissue (MDZNT) — tumor necrotic tissue, hemor-
rhages (Hrrg) and inflammatory mononuclear cells (Mo) (Fig. 4¢);

d. Zone of deep necrotic tissue (ZDNT) — necrotic tissue with inflammatory mon-
onuclear cells (Mo) (Fig. 4d);

e. Zone of deep neoplastic tissue (ZDNeoT) and Zone of lateral neoplastic tissue
(ZLNeoT) — neoplastic tissue with the specific characteristics of myeloid Graffi
tumor in hamsters (Fig. 4e).

LASER

§4§ 44

Fig. 4. Classification of the tissue lesions detected in solid myeloid Graffi tumor in hamsters after lo-
cal treatment with gold nanoparticles (40nm) and laser irradiation: (2) SZTNT — Superficial zone of
total necrotic tissue; (b) MSZNT - Middle superficial zone of necrotic tissue; (¢) MDZNT — Middle
deep zone of necrotic tissue; (d) ZDNT — Zone of deep necrotic tissue; (¢) ZDNeoT and ZLNeoT —
Zone of deep neoplastic tissue and Zone of lateral neoplastic tissue. Hematoxylin-eosin
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The conducted studies showed that the combination of treatment with gold nano-
particles and laser effectively suppressed the tumor tissue growth and had temporary
positive effects on the reduction of tumor cell mass within the solid tumors. Pathohis-
tological studies clearly highlighted separate zones of nanothermolysis in the tumor tis-
sue, which could help to improve the parameters of the nanoparticles and laser system
in future experiments, aiming the optimal conditions for total destruction of the tumor
cells in lateral and deep zones. These neoplastic cells remained viable which allowed
the lateral tumor growth and explained the temporary inhibition on the tumor growth.

The results obtained showed that application of plasmonically activated gold na-
noparticles for in vivo treatment of Graffi tumor in hamsters demonstrate considerable
antitumor effect and have the potential to be used for local treatment of small solid
tumors.
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Abstract: Zygomatic bone is situated in the upper and medial section of the facial part of the skull and
is of great importance for its shape. Nevertheless, metrical data concerning dimensions, proportions
and bilateral asymmetry of the zygomatic bone are not comprehensive enough. On the other hand, it is
hard or completely impossible to compare data given from different authors. In this study a total of 125
adult male skulls were investigated to perform a detailed characterization of zygomatic bone as well as
to evaluate the manifestation of bilateral asymmetry. Seven linear features were measured separately on
both sides. Quantitative assessment of the bilateral asymmetry and converting the absolute asymmetry
values into relative values was performed using the Index of Asymmetry (IA). According to our results,
the left zygomatic bone is larger as a whole, while the right one is more projected with higher lateral
surface and significantly wider frontal process.
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Introduction

Zygomatic bone is situated in the upper and medial section of the facial part of the
skull and is of great importance for its shape. The zygomatic bone forms the promi-
nences of the cheek and separates the orbit from the temporal fossa. It articulates
with the maxilla, the greater wing of the sphenoid, and the zygomatic processes of
the frontal and temporal bones. It is irregular in shape and has three surfaces, two
processes and five borders [18]. The strongly prominent and situated more parallel
to the frontal plane zygomatic bones contribute to enlargement of the face breadth.
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Conversely, when the bones are less prominent and situated more sagittal the face
looks narrower and gracile [27]. The size and curvature of the bone varies greatly in
different population, being smaller and flatter in Caucasian skulls and larger and more
curved in Mongoloid race [1, 23, 24].

Knowledge about human skull asymmetry in normal dry specimens is useful as a
parameter for medical and dentistry practice. The caliper direct method for evaluation
of the bilateral asymmetry is a reliable technique used in anatomical and anthropologi-
cal studies [17]. Fazekas & Kosa [5] recorded the length and width of the bone during
fetal life. Moss, Noback & Robertson [13] also recorded length and height of the bone
from 8 to 20 weeks but landmarks are not defined. Nevertheless, metrical data concern-
ing the dimensions, proportions and bilateral asymmetry of the zygomatic bone are not
comprehensive enough. On the other hand it is hard or completely impossible to com-
pare data given from different authors. This difficult comes from insufficient standard
dimensions for this bone and the various measurements between different craniometri-
cal points used by the researchers. In this context the aim of the study is to perform a
detailed metrical characterization of zygomatic bone as well as to evaluate the manifes-
tation of bilateral asymmetry.

Material and Methods

A total of 125 male skulls from the ossuary at the National Museum of Military History,
Sofia, were studied. The skulls belong to adult male individuals.

For quantification of craniofacial asymmetry are used measurements for the right
and left sides separately. The differences between homologous measurements supply
information about the dominant side. This method provides good information about
side differences and local imbalance [7].

For the aim of this study were measured (in millimeters) bilaterally seven linear
features between standard craniometrical points by Martin & Saller [11]:

1. Total height of zygomatic bone (zm — fmf). The linear distance between the land-
marks zygomaxillare and frontomalare temporale (Fig. 1), sliding caliper.

2. Height of lateral (external) surface of zygomatic bone (zm — ju). The linear dis-
tance between the landmarks zygomaxillare and jugale (Fig. 1), sliding caliper.

3. Height of frontal process of zygomatic bone (ju — fint). The linear distance be-
tween the landmarks jugale and frontomalare temporale (Fig. 1), sliding caliper.

4. Breadth of frontal process of zygomatic bone (fint — fmo). The linear distance
between the landmarks frontomalare temporale and frontomalare orbitale (Fig. 1), slid-
ing caliper.

5. Arc of zygomatic bone, after Alekseev and Debetz [26]. The least distance on
the zygomatic bone surface between the landmarks, in which the breadth of zygomatic
bone is measured, tape.

6. Projection of zygomatic bone, after Alekseev and Debetz [26]. The greatest
perpendicular, pulled down from the line of zygomatic bone breadth to the surface of
the bone, coordinate caliper.

For more detailed metrical characterization and assessment of the bilateral asym-
metry were included data for the breadth of zygomatic bone, obtained in our previous
study on the same material [14]:

7. Breadth of zygomatic bone, chord — after Alekseev and Debetz [26]. The direct
distance from the lowest point situated on temporozygomatic suture (at a transition
from the lateral surface to the inferior surface of zygomatic arch) to the crossing point
of zygomaticomaxillary suture with the lower rim of the orbit (Fig. 1), sliding caliper.
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Fig. 1. Measurements of zygomatic bone: 1. total height of zygomatic bone
(zm — fint); 2. height of lateral surface of zygomatic bone (zm — ju); 3. height
of frontal process of zygomatic bone (ju — finf); 4. breadth of frontal process
of zygomatic bone (fint — fino); 7. breadth of zygomatic bone, chord

In the present study any difference between the homologous distances of the right
and left sides is considered as an asymmetry. Quantitative assessment of the bilateral
asymmetry and converting the absolute asymmetry values into relative values were per-
formed using Wolanski’s index for intergroup comparison [21]. In this case, the index
was used to evaluate the bilateral asymmetry and is referred to as Index of Asymmetry
(IA): TA = [2. (x, — x,).100]/(x, + x,), x, — value of the measurement on the right side;
x, — value of the measurement on the left side.

The sign of the resulting 1A value designates the direction of bilateral asymmetry;
signifies the left side priority and “+” signifies the right side priority. IA is calculated
individually and the given data represent the mean from the individual values.

(T3]

Results

The biostatistical data are presented in Table 1.

The differences between both sides are expressed in index units (IU). The lowest value
found is -0,68 IU and the highest is 4,31 U, which may be considered as significant.
Moreover, four of all investigated measurements show left side dominance. The left
zygomatic bone is higher (-0,68 IU), it is also wider, with larger arc (-0,54 IU) and
chord (-0,18 TU), and with insignificantly higher frontal process (-0,02 IU). The rest
three measurements show priority for the right side. The right zygomatic bone is more
projected (0,25 IU), with relatively higher lateral surface (0,77 TU) and with signifi-
cantly wider frontal process (4,31 IU). Standard deviations show that the homogeneity
of each measurement is similar with exception for the projection and the height of the
frontal process of zygomatic bone, which are more dispersed. Nevertheless, Student’s
t-test shows that the breadth of frontal process is the only measurement, which displays
statistically significant bilateral difference at p< 0,05 with priority for the right side.
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Table 1. Biostatistical data about the investigated linear features of zygomatic bone

Measurements of Right Left 1A
No . p

zygomatic bone

n mean | SEM | SD min | max n mean | SEM | SD min | max 1U SD
1 | Total height (zm-fmt) 125 146,96 | 027 | 3,04 |38,50|54,50 | 125 47,28 | 0,28 | 3,11 |39.00|55.00| 041 |-0.68| 3.01
2 | Height (zm-ju) 124 | 27,54 | 025 | 2,78 18,00 37,00 | 125 |2732] 025 | 2,74 | 19.00 | 37.50 | 0.52 | 0.77 | 3.77
30|l arirontalProcess | 124 12540 | 020 | 227 | 20,00 3200 | 125 | 25,38 | 0,20 | 227 | 2000|3000 | 095 |-002| 5.05
4 |Breadihof frontalprocess | 1,5 | ¢y | 509 | 101 | 400 | 9.00 | 125 6,42 | 0,00 | 0,95 | 4.00 | 850 |0.02%| 431 | 1.50
(fmt-fmo)

5 | Breadth - arc 122 | 58,56 | 0,45 | 4,94 | 44,00 | 70,00 | 125 | 58,92 | 0,43 | 4,82 | 47.00 | 70.00 | 0.56 |-0.54] 1.15
6 | Projection 123 10,54 | 0,15 | 1,66 | 6,50 | 1500 | 125 10,52 ] 0,15 | 1.67 | 6.00 | 1450 | 0.94 | 025 | 6.15
7 | Breadth - chord 123 53,13 ] 035 | 3,89 | 40,00 | 63,00 | 125 [53,22] 0,33 | 3,67 | 43.00)63.00| 086 |-0.18| 02

* statistically significant difference at p < 0,05




Discussion

Working on skulls, Woo [22] found that the left zygomatic bone was predominant. In
their monograph, Kadanov and Mutafov [28] cited Ludwig (1932), that the left side
was larger than the right side and the left zygomatic bone was more projected forward
compared to the right one. In accordance with their own data from metrical investiga-
tion of contemporary cranial series, Kadanov and Mutafov [28] established that the
middle section of the facial part of the skull (both zygomatic bone and maxilla) was
more often symmetrical in vertical direction compared to horizontal direction. They
also concluded that the asymmetry was more often manifested in the breadths than
in the heights of that part of cranium. According to our results, the asymmetry was
established in the breadths as well as in the heights of the zygomatic bone, but it was
manifested to the greatest extend in the breadths (breadth of frontal process 4,31 1U).
In other studies it was established that the manifestation and degree of craniofacial
asymmetry were most pronounced in the mid-facial section, i.e. in the morphological
structure maxilla-zygomatic bone [9, 10]. Kadanov, Yordanov and Aleksandrova [29]
figured out the fact, that left half of the facial part was narrower and the entrance to the
left orbit was situated more higher compared to the right one. According to our results,
the left zygomatic bone was larger as a whole, while the right one was with more mas-
sive frontal process and lateral surface and more projected. The different results of the
researchers probably could be explained with the different methods used to determine
the craniofacial asymmetry.

In general facial asymmetry can be summarized and divided into three main cate-
gories, 1 — congenital, originating prenatally; 2 — developmental, arising during growth
with inconspicuous etiology; and 3 — acquired, resulting from injury or disease. Based
on the craniofacial structures involved, facial asymmetry can be classified into dental,
skeletal, soft tissue and functional components. Skeletal asymmetry may involve one
bone or it may affect a number of skeletal structures on one side of the face [4]. Normal
asymmetry in the area of the craniofacial skeleton can be directional or fluctuating in
nature. Directionality can in principle be found in three dimensions: anteroposterior,
cranio-caudal, and asymmetries in the left-right dimension. Fluctuating asymmetry is
another type of asymmetry normally found in the craniofacial structures, where the side
of the larger and smaller paired structure is randomly determined [15].

Perfect bilateral symmetry in the body is basically a theoretical concept that rarely
exists in live organisms [2]. The human skull is definitely asymmetrical, this is not a
matter of skull bones that differ individually from a symmetrical model, but the skull is
asymmetric as a whole. Some dimensions of the skull bones are prominent on the right
side and some on the left [3, 22]. Knowledge of quantitative normal cranial asymmetry
in a population without pathology or functional disturbance is necessary to avoid mal-
practice [17].

There is no consensus in the literature on the degree, side and spatial localization of
facial asymmetry [7, 25]. A mild degree of asymmetry is common in the face of normal
and healthy individuals. The point where the “normal” asymmetry becomes “abnormal”
cannot be easily defined [2]. According to Rossi, Ribeiro & Smith [16] the larger the
asymmetry, the more the attention it has to be given because one may be nearer to a
pathological condition. Nevertheless, there are no clearly defined limits to determine
certain difference between homologous measurements of both sides as an asymmetry.
Some authors considered that asymmetry existed when the means of the differences
between the sides were statistically different from zero. Others used the Student’s t-test
for paired samples to consider the differences between the right and left sides as asym-
metries or considered as asymmetry when the differences between measurements of the
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right and left sides were 2 mm or larger. This limit was chosen arbitrarily and turns out
to be variable because it depends on the skull size [16].

In general facial asymmetry affects the lower face more frequently than the upper
face [4]. Severt & Proffit [19] reported frequencies of facial laterality of 5%, 36% and
74% in the upper, middle and lower thirds of the face. Furthermore, in the literature
there is no agreement about the side of dominance. Using the different evaluation meth-
ods for assessment of craniofacial asymmetry, various conclusions were proposed by
different researchers. However, it is difficult to compare these studies, since the meth-
ods, the measurements and the sample characteristics (sex, age, race) are very different
[7]. Nevertheless, some authors conclude that the right side of the face has dominance
over the left side [6, 8, 20, 22]. Others established that the left side of the face predomi-
nates over the right side [3]. According to Ferrario at al. [7] the two side of face showed
significant differences in shape, but no differences in size. Moreover, the soft-tissue
cover partly masks the underlying skeletal imbalances, and skeletal asymmetries less
than 3% are not clinically discernible [6].

A number of explanations have been given for asymmetry causes, including genet-
ic problems and environmental factors producing differences in the right and left sides
[2]. According to Melnik [12], the organism does not favor identical growth of homolo-
gous bilateral structures. The difference in the degree of growth between the right and
left sides may be caused by genetic factors, environmental factors, or a combination of
the two factors. The expression of the craniofacial asymmetry can be related to heredity
as well as to the functional activity of the skeletal muscular system, especially of the
masticatory apparatus. Therefore, facial asymmetry has been associated with functional
activities of the masticatory musculoskeletal system [16].

Because of the key role of zygomatic bone in the structure and aesthetical appear-
ance of the face the evaluation of its bilateral asymmetry is of great importance to the
morphologist, anthropologists, medics and in particular to the aesthetic surgeons. We
believed that this study complements the knowledge of the zygomatic bone morphology
and could be useful in further studies of the facial asymmetry manifestations.

Conclusion

The metrical characterization shows that the breadth of frontal process is the only mea-
surement, which displays statistically significant bilateral difference with priority for
the right side. According to 1A data, the left zygomatic bone is higher; it is also wider,
with larger arc and chord, and with insignificantly higher frontal process. The right
zygomatic bone is more projected, with relatively higher lateral surface and with sig-
nificantly wider frontal process.
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The study aims to be obtained morphometrical data for cavitas glenoidalis and caput humeri in order
to assess the intensity of the sexual differences and study the metrical relationships between these bone
structures. Cavitas glenoidalis is measured in 65 male and 65 female scapulae and caput humeri —in 65
male and 65 female humeri. Three metrical features of cavitas glenoidalis and three metrical features
of caput humeri are measured. The sexual differences are assessed by Wolansky’s index for inter-group
comparisons. The metrical data are statistically analyzed by linear correlation analysis as well. Accord-
ing to the results, cavitas glenoidalis of male and female scapulae differs most strongly in its depth and
caput humeri — in its diameters. The correlation matrices show well pronounced dependences between
the metrical features of cavitas glenoidalis and caput humeri separately as well as between the features
of both bone structures. However, the relationship between the depth of cavitas glenoidalis and the
height of caput humeri is the slightest one.

Key words: cavitas glenoidalis, caput humeri, metric features, sexual differences, correlations.

Introduction

Cavitas glenoidalis is a shallow articular surface, which is located on the lateral an-
gle of the scapula and forms the glenohumeral joint along with Aumerus. This joint
accomplishes the greatest mobility of all joints in the body. That determined cavitas
glenoidalis and caput humeri as objects of the current study in order to be obtained
morphometrical data for them both to assess the intensity of the sexual differences and
study the metrical relationships between these bone structures.

Material and methods

The anthropological investigation is performed on osteological material from archaeo-
logical excavations of medieval necropoles in the territory of Northeastern Bulgaria.
Cavitas glenoidalis was measured in 65 male and 65 female scapulae and caput humeri
— in 65 male and 65 female humeri. Only adult skeletons with preserved pairs of scapu-
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lae and humeri were chosen for the analysis. Skeletal sex and age were determined by
standard anthropological methods [7, 12, 13].

The anthropological investigation includes three metrical features of cavitas gle-
noidalis and three metrical features of caput humeri. Features with numbers in brackets
are described by the classical methods of Martin-Saller:

I. Length of cavitas glenoidalis (12), LCG — the linear distance between the high-
est point on the higher margin of cavitas glenoidalis and the lowest point on its lower
margins, sliding caliper;

2. Breadth of cavitas glenoidalis (13), BCG — the linear distance between the out-
ermost points on the lateral margins of cavitas glenoidalis, sliding caliper;

3. Depth of cavitas glenoidalis (14), DCG — the linear distance from the deepest
point of cavitas glenoidalis to the line connecting points between which is mecasured the
length of cavitas glenoidalis, coordinate caliper;

4. Greatest transversal diameter of caput humeri (9), GTDCH — the linear distance
between the outermost points on the lateral margins of caput humeri, sliding caliper;

5. Greatest sagittal diameter of caput humeri (10), GSDCH — the linear distance
between the highest point on the higher surface of caput himeri and the lowest point on
its lower surface, sliding caliper;

6. Height of caput humeri, HCH — the distance from the most prominent point
of caput humeri to the line connecting points between which is measured the sagittal
diameter of caput humeri, coordinate caliper.

The metric data are statistically analyzed using SPSS version 16,0. The established
sexual differences are evaluated by the Student’s t-test at p<0,01 and p<0,001. The
quantitative assessment of sexual differences is made by Wolansky’s index for inter-
group comparisons [11]. The index is used to determine the sexual differences and is
called Index for Sexual Differences (ISD): ISD = 2.(x1I - x2).100/( x1 + x2), where
x1 is the mean value of the feature in males and x2 is the mean value of the feature in
females. The positive values of ISD show sexual differences in favour of the males and
the negative ones — sexual differences in favour of the females.

The metrical data are statistically analyzed by linear correlation analysis. The
strength of relationships is assessed by the scheme, published by Kalinov [14]: very
low correlation (r < 0,30), low (r = 0,31 = 0,50), moderate (r = 0,51 = 0,70), high
(r = 0,71 + 0,90) and very high (r > 0,91). The significance of the correlations is
evaluated at P<0,05 and P<0,01. The positive sign of correlation coefficient shows
that an increase in the value of one variable indicates a similar increase in the value of
the second variable. A correlation coefficient of less than O indicates a negative
correlation.

Results and discussion

Basic statistics on the metrical features of cavitas glenoidalis and caput humeri are
presented in Table 1. All investigated features of cavitas glenoidalis and caput humeri
are larger in the male scapulae. The sexual differences arc statistically significant at
p<0,001 and the depth of cavitas glenoidalis in the left scapulac is the only one which
shows a difference at p<0,01. The average of the length and breadth of cavitas glenoi-
dalis in our study are greater than the values reported by Churchill et al. [3], Frutos [4]
and Ozer et al. [8], which measured these diameters in the male and female scapulae
separately.

As far as the bilateral differences are concerned, cavitas glenoidalis and caput hu-
meri are larger on the right side in both sexes. Our results for the asymmetry of cavitas
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Table 1. Biostatistic data of measurements of male and female scapulae and humeri

Male Female Sexual differences
Features Side
n X SD n X sp | Absolute t-test ISD
difference

Length of cavitas right 37 41,8 2,4 33 36,7 2,9 5,1 8,144 %** 13,0
glenoidalis (12) left 28 40,4 2,4 32 35,6 2,0 48 8,424%++ 12,6
Breadth of cavitas right 37 29,1 1,7 33 253 1,6 3,8 9,324 %% 14,0
glenoidalis (13) Jeft 28 28,4 1,7 32 24,8 1,5 3,6 8,610%%+ 13,5
Depth of cavitas right 37 5,0 0.9 33 42 0.6 0,8 4,465%++ 17,4
glenoidalis (14) left 28 47 0,8 32 41 0,8 0,6 2,708%* 13,6
Greatest transversal right 37 45,1 2,6 33 39,1 2,5 6,0 9,722%** 14,3
diameter of caput
humeri (9) left 28 43,7 2,6 32 38,5 2,1 5,2 8,391 %** 12,7
Greatest sagittal right 37 47,9 2,5 33 41,9 2,6 6,0 Q,778*** 13,4
diameter of caput
humeri (10) left 28 47,9 3,1 32 41,3 2,3 6,6 9,532%** 14,8
Height of caput right 37 18,1 1.5 33 15,9 L5 22 6,109%*+ 12,9
humeri left 28 17,7 1,9 32 15,6 1,1 2,1 5,416%%%* 12,6

* _P<0,05, ** —P<0,01; *** P <0,001




glenoidalis, especially about its length, differ from these ones obtained by Mamatha et
al. [6], which show greater length of the cavity on the left side, but greater breadth on
the right one. But yet Sato and Noriyasu [9] also established that caviras glenoidalis and
caput humeri are larger on the right side in both sexes. According to them, this appears
to point to a wider range of motion in the right shoulder joint.

According to the ISD data in the right and left scapulae, the depth of cavitas
glenoidalis shows the strongest sexual differences among the features of cavitas
glenoidalis. 1t is followed by the breadth of cavitas glenoidalis and the last one is
the length, which shows slightest sexual differences. The ISD data for the humeral
features show that the strongest sexual differences in the right humeri are observed
for the greatest transversal diameter of caput humeri, and in the left ones — for the
greatest sagittal diameter. The height of caput humeri illustrates the slightest differ-
ences on both sides.

Correlations between anthropometric features of cavitas glenoidalis and caput hu-
meri are presented in Table 2, Table 3, Table 4 and Table 5. The correlation matrices of
both sexes show that most of the correlation coefficients are statistically significant, as
the significance level in majority of the dependences is high (P < 0,01). The results of
the comparative analysis of the dependences between the investigated features in both
sexes show that only positive correlations are available among the statistically signifi-
cant dependences.

Table 2. Significance, direction and degree of the correlations between anthropometric features of
right male scapulae and humert

Features LCG
LCG 1
BCG

0.78%*
0.71%%

DCG
GTDCH
GSDCH
HCH

* P<0.05; ** P<0.01

Table 3. Significance, direction and degree of the correlations between anthropometric features of
left male scapulae and humeri

Features LCG BCG DCG GTDCH | GSDCH HCH
LCG 1
BCG 1
DCG
GTDCH
GSDCH 1
HCH 1
" * P<0.05; ** P<0.01
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Table 4. Significance, direction and degree of the correlations between anthropometric features of
right female scapulae and humeri

Features LCG BCG DCG GTDCH GSDCH HCH
LCG 1
BCG 1
DCG 1 0.21%* 0.15
GTDCH 1
GSDCH 1
HCH

1
* P<0.05; ** P<0.01

Table 5. Significance, direction and degree of the correlations between anthropometric featurcs of
left female scapulae and humeri

Featurcs
LCG
'BCG
DCG
GTDCH ;
GSDCH 1
HCH !

Lawdegm d ve d * P<0.05; ** P<0.01

The features of cavitas glenoidalis in both sexes correlate with each other pre-
dominantly of a moderate degree. The relationship between the breadth and depth of
cavitas glenoidalis in the male scapulae is an exception and the degree is “low” on the
both sides. A different degree is also found in the relationship between the length and
breadth of cavitas glenoidalis in the right female scapulae, but it is “high”. According
to Bukov et al. [1], the length and breadth of cavitas glenoidalis correlate of a high de-
gree, and the dependences between these lengthwise features and the height of cavitas
glenoidalis are of low and moderate degrees, which resembles to our results, although
they have not studied male and female scapulae separately.

The correlations between the features of caput humeri in both right and left male
humeri show that both diameters correlate of a high degree, the sagittal diameter and
the height correlate of a moderate degree and the transversal diameter and the height
— of a low degree. In the right female humeri, the sagittal diameter correlates with
the other two features of a high degree, and the transversal diameter and the height
correlate of a moderate degree. Bukov et al. [2] also established a high correlation
between both diameters of caput humeri. The correlations in the left female bones
are lower, and the transversal diameter depends on the other two features of a low
degree; the sagittal diameter and the height correlate of a moderate degree. Similar
results for correlations between features of caput humeri are reported in our previous
study, devoted to the correlations between humeral length and features of the proxi-
mal humeral end [10].
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The results obtained for the dependences between the features of cavitas glenoi-
dalis and these ones of caput humeri are the most interesting in order to be studied the
metrical relationships between these bone structures. The length and breadth of cavitas
glenoidalis and both diameters of caput humeri in male bones correlate strongly and
the degrees are “moderate” and “high”. Such degrees are observed in the right bones
of female skeletons. But in the left ones, a moderate degree is found only between the
length and breadth of cavitas glenoidalis and the sagittal diameter of caput humeri; the
correlations with the transversal diameter are of a low degree.

The length of cavitas glenoidalis and the height of caput humeri correlate with
each other comparatively poorly. The breadth of cavitas glenoidalis and the height
show slightly higher correlation coefficients, which are of a moderate degree or on the
border between the categories “low” and “moderate”.

The correlations between the depth of cavitas glenoidalis and both diameters of
caput humeri are low or very low, and only the correlation with the transversal diameter
in the male bones and this one with the sagittal diameter in the left female bones are
statistically significant. The relationship between the depth of cavitas glenoidalis and
the height of caput humeri is unexpectedly slightly, as in male bones it is even negative.
Only in the left bones of female skeletons this dependence is a bit higher and statisti-
cally significant. A possible reason for this result is that cavitas glenoidalis and caput
humeri do not fit perfectly to each other and there are many other structures (muscles,
tendons, ligaments, bursae), which take part in the shoulder joint. Cavitas glenoidalis
(with labrum glenoidale) covers only one quarter to one third of the surface of caput hu-
meri and to keep the humeral head in close contact with the cavity a number of muscles
blend with the capsule to form the rotator cuff [5].

The dimensions of cavitas glenoidalis and caput humeri as well as the relation-
ships between their shapes are of great importance for the understanding of variations
in normal anatomy and they could be considered in cases of shoulder arthroplasty.

Conclusions

Cavitas glenoidalis and caput humeri are larger in male skeletons. In both sexes the
right scapulae and right humeri has greater cavitas glenoidalis and caput humeri re-
spectively, than the left ones.

The comparative assessment of the sexual differences shows that cavitas glenoida-
lis of male and female scapulae differ most strongly in its depth, and caput humeri — in
its diameters.

The correlation matrices show well pronounced dependences between the metri-
cal features of cavitas glenoidalis and caput humeri separately as well as between the
features of both bone structures. Nevertheless, the relationship between the depth of
cavitas glenoidalis and the height of caput humeri is the slightest one. Remarkable bi-
lateral differences are observed in the female correlation matrices and the correlations
in the left female bones are an exception to the mentioned above.
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Quadratus femoris muscle muscle is one of the muscles of the gluteal region. It takes part in the
external rotation in the hip joint. During routine dissection in the section hall of the Department of
Anatomy and Histology in Medical University — Sofia we came across a very interesting variation of
a double quadratus femoris. We saw an additional belly situated below the main belly. Two bellies
are clearly divided medially, but laterally they merged. We made series of pictures and did literature.
There are very few literature data describing variations of quadratus femoris muscle. The existing data
in the literature are concernved the fusion of adductor magnus and quadratus femoris and in other
cases the fusion of the inferior gemellus and quadratus femoris [4]. Sometimes quadratus femoris is
absent [1, 5]. It may be replaced by an unusually thick obturator internus muscle or by a large inferior
gemellus [2, 4]. Quadratus femoris muscle may be divided at its femoral insertion into two parts: one
posterior, with the normal attachment, and the other anterior, with insertion onto the intertrochanteric
crest [3].

Introduction

Quadratus femoris muscle belongs to the muscles of the gluteal region with Glutaeus
maximus, Glutaeus medius, Glutacus minimus, Tensor fasciae latae, Piriformis,
Obturator internus, Gemellus superior, Gemellus inferior and Obturator externus. The
Quadratus femoris is a flat, quadrilateral muscle, situated between the Gemellus inferior
and the upper margin of the Adductor magnus. It is separated from the last mentioned
by the terminal branches of the medial femoral circumflex vessels. The Quadratus
femoris starts from the upper part of the external border of the ischial tuberosity, and
is inserted into the quadrate tubercle on the intertrochanteric crest and into the upper
part of the quadrate line. A small bursa is often found between the front of this muscle
and the lesser trochanter. The Quadratus femoris is supplied by the last lumbar and first
sacral nerves. This muscle takes part in the external rotation in the hip joint. In some
cases the muscle is absent.
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Material and Methods

During routine dissection in February 2013 in the section hall of the Department of
Anatomy and Histology in Medical University — Sofia we came across a very interesting
variation of a double quadratus fcmoris. The quadratus femoris that presented
anatomical variations was photographed using a Nikon Coolpix 995 camera with a 3,34
Megapixels. We made series of pictures and did literature.

Results

Fig. 1. The presence of an additional belly of Fig. 2. The additional belly of quadratus femo-
quadratus femoris muscle situated immediately ris muscle started from ischial tuberosity and
below to the main belly merged with the main belly

Fig. 3. Two bellies of quadratus femoris were
clearly divided and their medial part was cov-
ered by the sciatic nerve.
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Conclusion

We find very few literature data describing variations of quadratus femoris muscle.
It is interesting to mention that existing data in the literature concerning the fusion of
adductor magnus and quadratus femoris and in other cases the fusion of the inferior
gemellus and quadratus femoris [4]. Sometimes quadratus femoris is absent [1, 5] or
replaced by an unusually thick obturator internus muscle or by a large inferior gemellus
[2, 4]. Quadratus femoris muscle may be divided at its femoral insertion into two parts:
one posterior, with the normal attachment, and the other anterior, with insertion onto the
intertrochanteric crest [3].

In our case the additional belly is clearly divided from the main belly medially,
but laterally two bellies are merged. On the other hand this additional belly could be
considered as the part of adductor magnus muscle, irrespective of the above mentioned
fact, that two bellies of quadratus femoris were clearly separated. That should be
considered when performing a surgery in the gluteal area especially with rear access to
the capsule of the hip joint.

References

1.Bellamy, E. Note on the absence of the quadratus femoris muscle and on a spine possessing a sixth
lumbar vertebra, the first rib being rudimentary. — J. Anat. Physiol. 1875, 9, 185-186.

2. Gruber, W. Nachtrag zu den Beobachtungen iiber den Mangel des Musculus quadratus femoris. —
Arch. Path. Anat. Physiol. Klin. Med. 1879, 77, 31.

3. Henle, J. Handbuch der Muskellehre des Menschen, in Handbuch der systematischen Anatomie des
Menschen. Verlag von Friedrich Vieweg und Sohn. — Braunschweig. 1871, 125, 388-399.

4.Macalister, A. Observations on the muscular anomalies in the human anatomy. Third series with
a catalogue of the principal muscular variations hitherto published. — Trans. Roy. Irish Acad. Sci.
1875, 25, 1-130.

5.Stibbe, E.P. Anatomical notes: Complete absence of the quadratus femoris. — J. Anat. 1930, 64, 97.

89



Institute of Experimental Morphology, Pathology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 20
Sofia @ 2014

Review articles

Why vitamin D deficiency is thought to
be a risk factor for multiple sclerosis?

V. Kolyovska, S. Todorov, S. Engibarov*, R. Eneva* D. Maslarov**

Institute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian Academy
of Sciences, Sofia

* The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia

** Medical University of Sofia, Neurology Clinic, First MHAT-Sofia

Geographic variation in the incidence of cause unknown multiple sclerosis (MS) supports the pro-
bability that environmental factors are involved in the etiology. Vitamin D inhibits the development of
autoimmune diseases such as diabetes, theumatoid arthritis, lupus and multiple sclerosis. Vitamin D for
humans is obtained from sun exposure, food and supplements. Preliminary evidence suggests that per-
sons with high circulating levels of vitamin D are at lower risk of MS, thus, vitamin D supplementation
may reduce the risk of developing MS, also may reduce the relapse rate among patients with relapsing-
remitting MS. The results of previous studies suggested that MS risk is related to vitamin D status at dif-
ferent ages, possibly starting in utero and extending through early childhood, adolescence and adult life.
Independent data may argue for potential additional mechanisms associated with a 25-OH-D decrease
immediately prior to disease manifestation. Here are referred evidence for the relationship between sun
exposure, vitamin D, and the data of MRI in patients with multiple sclerosis.

Key words: vitamin D, vitamin D deficiency, multiple sclerosis

Vitamin D was named in 1922 by American biochemist Elmer McCollum (1879-1967),
who performed experiments to understand the contents of fish liver oil. It was named
“D” because it was the fourth substance he identified.

Vitamin D is a group of fat-soluble secosteroids responsible for enhancing intes-
tinal absorption of calcium and phosphorus in our bones and aid in cell to cell commu-
nication throughout the body. Five forms of vitamin D have been discovered, vitamin
D, — D. In humans, the most important compounds in this group are vitamin D, (also
known as cholecalciferol) and vitamin D, (ergocalciferol). Cholecalciferol and ergoc-
alciferol can be ingested from the diet and from supplements [14]. The body can also
synthesize vitamin D (specifically cholecalciferol) in the skin, from cholesterol, when
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sun exposure is adequate (hence its nickname the “sunshine vitamin™) [3]. Vitamin D, is
made in the skin when 7-dehydrocholesterol reacts with ultraviolet light at 270-300 nm
wavelengths - peak vitamin D, production occurs between 295-297 nm. It is only when
the UV index is greater than 3 that these UVB wavelengths are present. Frequent ex-
posure of the skin to sunlight promotes sufficient vitamin D synthesis without the need
for supplements, however, adults who have darker skin pigmentation or frequently wear
sun protection during outdoor activities are often vitamin D deficient.

Vitamin D deficiency is prevalent in infants who are solely breastfed and who do
not receive vitamin D supplementation and in adults of all ages who have increased
skin pigmentation or who always wear sun protection or limit their outdoor activities.
Vitamin D deficiency is often misdiagnosed as fibromyalgia. A new dietary source of
vitamin D is orange juice fortified with vitamin D. The recommended adequate intakes
vitamin D in the absence of exposure to sunlight is a minimum of 1000 IU vitamin D/d
to maintain a healthy concentration of 25(OH) D in the blood [9].

Multiple sclerosis (MS) is an immune-mediated inflammatory disease that attacks
myelinated axons in the central nervous system (CNS), destroying the myelin and the
axon in variable degrees [6,13,17]. MS is considered to be multifactorial with an au-
toimmune component. There is growing evidence suggesting that hormones can affect
and be affected by the immune system [5]. The hypothesis that there was insufficient
vitamin D in the body, as a risk factor for developing MS, formed and developed for
over 50 years [1]. Further experimental, epidemiological and genetic studies showed
that the mediator between sunlight and immune system is likely to be vitamin D [2,8].

Low levels of vitamin D are associated with multiple sclerosis. Supplementation
with vitamin D may have a protective effect, but there are uncertainties and unanswered
questions, “The reasons why vitamin D deficiency is thought to be a risk factor for MS
are as follows: I - MS frequency increases with increasing latitude, which is strongly in-
versely correlated with duration and intensity of UVB from sunlight and vitamin D con-
centrations; II - prevalence of MS is lower than expected at high latitudes in populations
with high consumption of vitamin-D-rich fatty fish; III - MS risk seems to decrease with
migration from high to low latitudes.” A clinical trial sponsored by Charite University
in Berlin, Germany, was begun in 2011, with the goal of examining the efficacy, safety,
and tolerability of vitamin D, in the treatment of multiple sclerosis [2, 15, 16].

According to modern concepts, hormones such as prolactin and vitamin D, and
more recently identified ones, such as leptin and gherlin, may be used to modulate the
immune response and may also influence the course of MS [5]. The influence the course
of MS has been a matter of controversy for a long time.

Results from epidemiological and clinical studies clearly suggest that changes in
vitamin D serum concentrations are correlated with the magnitude of the risk of deve-
loping MS, the phases of relapsing-remitting MS and with gender differences in vitamin
D metabolism. Experimental and clinical studies also have established that 25-hydroxy
vitamin D (25(OH)D) and 1,25-dihydroxy vitamin D (1,25(OH)2D) exert an immu-
nomodulatory effect in the CNS and peripheral organs of the immune system [18].

[ssues that are discussed include the vitamin D serum concentration needed to sup-
press the aberrant immune response in MS patients; a subgroup of MS patients suitable
for vitamin D treatment, the vitamin D being applied in optimally effective and safe
dosage.

The majority of MS patients are deficient in vitamin D in the blood serum or fai-
lure of its consumption. It is also noted that during exacerbations of MS, vitamin D
concentration in the blood is lower than during remission and exacerbation severity is
inversely proportional to it. Furthermore, studies have shown that during the months of
low irradiation, the number of multiple sclerosis exacerbation increases.
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In animal experiments it was shown that calciferol is able to prevent the deve-
lopment of acute autoimmune encephalomyelitis (AAE - MS model), and reduces the
severity of the clinical manifestations of the introduction to the advanced stage of the
disease. UV irradiation and also the introduction of cholecalciferol is largely prevented
the development of the AAE. In vitro studies have also shown that the protective ef-
fects of vitamin D appears to relate to the stimulation of cells that produce IL-10 (anti-
inflammatory agent), reduction in the number of cells secreting interleukins 6 and 17 (a
substance activating inflammation) and with increasing amounts of regulatory T cells
(regulate the inflammation process) [2].

A study, participants were more than 7 million Americans, was conducted in the
United States. It showed that the level of vitamin D in the blood at least 99.2 nmol/L
reduces the risk of developing MS by 62 %, compared to individuals, having concentra-
tion of serum vitamin D less than 63.2 nmol/L. At the same time, this study showed that
the concentration of vitamin D in the blood serum of healthy young people of the white
race is an important risk factor for the development of their MS, regardless of place
of birth and latitude of residence [2]. Professor G. Ebers said, “There is absolutely no
problem with taking vitamin D up to 4000 [U/day.” [10].

Although no significant association between high-dose vitamin D treatment and
risk of MS relapses was found, the studies were limited by several methodological
limitations [12]. Further larger, more prolonged studies are merited. Any randomized
controlled trial assessing the effect on the relative risk of relapse of any formulation or
dose of vitamin D, in participants with MS, was eligible [12].

Disease occurrence and progression are considered by some to be associated with
low serum levels of vitamin D. Studies investigating vitamin D supplementation in MS
patients have illustrated a noticeable improvement in the course of the disease [11].

Until recently, there has been a paucity of data from randomized controlled trials
to establish clear cut beneficial effects of vitamin D supplementation during pregnancy.
An overview of vitamin metabolism, states of deficiency, and the results of recent clini-
cal trials conducted in the U.S. are presented with an emphasis on what is known and
what questions remain to be answered {19].

Prior research evaluated the role of vitamin D deficiency as a risk factor for deve-
lopment of MS and as a modifier of its clinical course as well as of common symptoms
of patients with MS, such as pain and depression. The interaction between IFN-3 and
vitamin D in terms of their combined efficacy was also previously studied both clini-
cally and in an animal model, with yet conflicting results [7].

The present randomized, double-blind, placebo-controlled trial, though modest in
its sample size, did not detect beneficial effects of vitamin D supplementation on IFN-B
-related Flu-like symptoms in patients with MS, but did provide support to its immu-
nomodulatory properties. Vitamin D appears to influence IL-17 secretion in IFN-B
-treated patients in a dose dependent manner. While serum IL-17 was significantly in-
creased after low dose vitamin D treatment, heterogeneous responses were noted after
high dose vitamin D [7].

The findings are in-line with a series of clinical trials of vitamin D supplementation
for patients with MS, which generally did not show added benefit in terms of clinical
efficacy, but did show clues for improvement in markers of inflammation and related
MRI findings, beyond the reported effects on disease prevention. Further large scale
trials and meta-analyses of available data are needed to elucidate the role of vitamin
D for immunocompetence and as part of the treatment armature of immune-mediated
diseases as MS [7].

In a study involving 200,000 women, who for 30 years were under observation,
it was shown that increased levels of vitamin D in serum are associated with a reduced
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risk of multiple sclerosis. In women who took a daily dose of 10 mg vitamin D or more,
the risk of MS decreased by 42%. Norwegian scientists have demonstrated that regular
(more than three times per week) use of marine fish reduces the risk of MS in young
people living in the Arctic Circle (high-risk zone MS).

As Zivadinov said “Sun exposure may have direct effects on MRI measures of
neurodegeneration in MS, independently of vitamin D.” [20].

For healthy individuals, serum vitamin D concentrations of 50-125 nmol/L (20-50
ng/mL) are generally considered adequate for bone and overall health, according to the
Institute of Medicine. Serum vitamin D concentrations of 75-100 nmol/L (30-40 ng/
mL) have been proposed as optimal for patients with MS. Achieving these levels may
require the use of supplemental vitamin D in doses up to 3000 IU daily; maintaining
these levels appears to require doses of 500 to 800 IU daily. The safety and effectiveness
of vitamin D supplementation among patients with MS remains unclear [13].

The primary objective of the Golan’s study was to test whether vitamin D sup-
plementation may ameliorate IFN-B-induced Flu-like symptoms. Secondary objectives
were to evaluate the safety and tolerability of vitamin D in two different regimens, to
determine the extent it influences serum 25-OH-D and to assess the effect of vitamin D
supplementation on IFN-f- treatment efficacy, determined by relapse rate and EDSS,
as well as on the serum levels of cytokines associated with immune-mediated diseases
such: IL17, IFN y and IL-10, proposed to be associated with MS disease fluctuating
activity [4,7].

Higher 25-OH-D serum levels were reported with lower risk to develop MS later
in life. Likewise, prior to first clinical disease manifestation was associated with an
increased risk for MS. The aim was to investigate both 25-OH-D serum levels and Im-
munoglobulin G (IgQG) response against Epstein-Barr virus (EBV) before the first clini-
cal MS manifestation in individuals who had donated blood prior to disease onset [4].

In some studies when considering vitamin D as a key environmental factors were
not taken into account or excluded the effect of other proven risk factors (infection
with the EBYV, smoking) [2]. In the study of insolation is important to remember that
the relationship between the amount of vitamin D formed and the level of insolation
is not direct, it contribute to the presence of clothing, use of sunscreens, skin type and
color, as well as the time of day. In addition, there are indications that the insolation
has independent immunomodulatory effect of vitamin D. Thus further studies on pos-
sible interactions between different environmental factors and these factors’ role in the
disease pathogenesis are justified and necessary.

In conclusion, low vitamin D may be associated with clinical MS breakthrough
within 2-3 years [4].

Therefore, until further high quality evidence is available, clinicians may wish
to consider relevant MS guidelines on vitamin D supplementation when making deci-
sions about the care of people with multiple sclerosis [11]. Adequately powered, multi-
centre trial with a focus on clinical as well as immunological and MRI outcomes that
are meaningful to people with MS, and are able to provide insight into the benefits of
vitamin D in people with MS, are still required.
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Aminopeptidase A is an ectoenzyme, widely expressed in mammals and humans. It performs important
physiological functions. One of these functions is to play a role in the control of blood pressure by con-
verting angiotensin II to angiotensin IIT in the brain. Aminopeptidase A is involved in development of
preeclampsia during pregnancy. It is expressed in many malignant ncoplastic lesions and can serve as a
biomarker for neoangiogenesis. The aim of the present review is to summarize the existing data about
aminopeptidase A and its role for different diseases.

Key words: Aminopeptidase A, renin-angiotensin system, tumor biomarker, neoangiogenesis

Name and mammalian tissue distribution

Aminopeptidase A (APA, EC 3.4.11.7) was first identified in rat and guinea pig
kidney sections where the enzyme catalyzes the hydrolysis of N-(a-L-glutamyl)-p-
naphthylamide [7]. Subsequently, the enzyme was found to hydrolyze N-terminal
aspartyl residues and was named Aminopeptidase A [7]. Since a-L-glytamyl deriva-
tives are more efficiently hydrolyzed than are a-L-aspartyl derivatives, the enzyme is
named glutamy! aminopeptidase, too. Different substrates had been used to determine
the activity of Aminopeptidase A in preparations from different sources. That is why
the enzyme has a lot of names — aspartate aminopeptidase, angiotensinase A, Ca*-
activated glutamate aminopeptidase, membrane aminopeptidase II and the BP-1/6C3
antigen [22].

Tissue distribution of APA had been revealed by using immunohistochemistry
[12]. In mammals, the highest APA levels had been detected in the intestinal brush
border and kidney proximal tubules [27]. In the brain, APA is localized primarily in
microvascular elements, the choroid plexus, and the ependymal lining [8]. The enzyme
is expressed also in the capillary endothelium of all the studied organs.
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Structure and regulation

APA is a membrane-bound zinc metallopeptidase [5]. The enzyme cleaves specifically
the N-terminal glutamyl or aspartyl residues from peptide substrates, such as angiotensin
IT and cholecystokinin-8 [25]. The pH optimum of APA depends on the source and the
peptide substrate and varies in the interval 7.0-8.0 [22]. The enzyme is composed of a
small N-terminal cytoplasmic domain (17 residues), a 22-residue transmembrane domain
and a large extracellular C-terminal domain that contains the active site [30]. Tts activity is
modulated by calcium ions. In the molecule of APA Ca?"-binding site is situated in the im-
mediate vicinity to the catalytic Zn** [33] to allow the correct orientation of the substrate
in the enzyme active center. APA is sensitive to inhibition by metal chelating agents [4]
and is completely inhibited by transitional metal ions such as Zn?*, Ni**, Cu**, Hg?" and
Cd** [22]. EC33 [(S)-3-amino-4-mercapto-butyl sulfonic acid] is a specific and selective
inhibitor of APA. In vivo experiments of APA inhibition are usually made using RB150
—a dimmer of EC33 generated by creating a disulfide bond [2]. In contrast to EC33, this
substance is able to cross the blood brain barrier. In the brain, disulfide bridge is degraded
by reductases to release two molecules EC33, effectively inhibiting APA.

Aminopeptidase A in T and B cell development

APA is expressed on the pre-B and immature B cells [13]. The enzyme is also present
on bone marrow-derived stromal cells and cortical epithelial cells of the thymus. A
mouse model of BP-1 deficiency had been used to explore the physiologic role of APA
in T- and B- cells maturation [13]. Those cells development appeared to be normal sug-
gesting that APA is not essential for this process, possibly because the APA deficiency
is compensated by other peptidases [22].

Regulation of blood pressure

APA as a therapeutic target for hypertension

APA is present in several brain nuclei containing nerve terminals and AT1 receptors
involved in blood pressure regulation [14]. Those data suggest that the enzyme is an
integral component of the brain RAS in humans and rodents and plays a role in blood
pressure regulation [16]. Many experiments show that in both central and peripheral
RAS APA is responsible for the conversion of angiotensin II (Angll) to angiotensin 111
(Anglll). Both Angll and IiI possess a similar affinity to AT1 receptors [31]. Angll is a
principal effector peptide of RAS, which induces vasoconstriction and increases sodium
and water retention leading to an increase in blood pressure [16]. Anglll exerts a tonic
stimulation and affects the control of blood pressure [23]. Whereas Angll and Anglil
are believed to be of almost equivalent importance in the maintenance of central blood
pressure, Angll is the most important peripheral agonist acting on AT1 receptors [18].
Overacting of RAS is responsible for the development of hypertension [23]. Thus,
spontaneously hypertensive rats exhibit RAS hyperactivity and a significantly higher
APA activity than normotensive rats, suggesting the enzyme contribution to increased
blood pressure [34]. Intracerebroventricular (i.c.v.) injection of APA specific inhibitor
EC33 inrats, leads to a decrease in blood pressure and activates the degradation of brain
AngllI by other peptidases (angiotensin-converting enzyme 2, endopeptidases or others)
leading to a formation of peptides, inactive to AT1 receptors [9]. On the other hand,
APA infusion by i.c.v. results in a significant increase in blood pressure [32]. Those ex-
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periments confirm the [eading role of Anglll and the enzyme generating it (APA) in the
regulation of central blood pressure [23]. According to the above studies, APA which
generates Anglll may be considered a potential therapeutic target for the treatment of
hypertension. The enzyme specific inhibitors are currently tested with a view to a pos-
sible clinical use [14].

On the other hand, APA-deficient mice are known to develop a mild hypertension
[18]. It has been speculated that the total absence of APA during fetal and adult life may
induce compensatory mechanisms of yet unknown nature for blood pressure regulation
resulting in a slight hypertensive effect [14].

Role of APA in preeclampsia

The human fetus produces bioactive peptides such as oxytocin and vasopressin, as well
as angiotensin Il [21]. These peptides are highly uterotonic and vasoactive [17] and their
secretion increases alongside with the fetus growth or under the action of stress factors.
The peptides have low-molecular weight, so they can pass through the fetoplacental unit
and affect the maternal organism [17]. It is believed that preeclampsia — a hypertensive
disorder during pregnancy is caused by an overproduction of Angll in the fetus due to a
failure in APA production and/or activation, since APA is the main enzyme responsible for
degradation of Angll [16]. The high levels of Angll in fetus result in an increase in Angll
concentration in maternal serum as well, and a subsequent raise in blood pressure. The
experiments show that before and immediately after development of preeclampsia APA
levels in maternal blood serum are substantially increased pointing out at a response to
counter Angll increase [19]. The main goal of the treatment of preeclampsia is to decrease
only maternal blood pressure without affecting the fetus. APA has a molecular weight of
109 kDa and does not cross the placental barrier [18]. In this respect, APA is an important
candidate for the treatment of preeclampsia by its infusion in maternal organism.

APA and local renin-angiotensin systems

The renin-angiotensin systems are two types — systemic and local [11]. The systemic
RAS regulates blood pressure, electrolyte and fluid homeostasis. The local RASs play
autocrine, paracrine and intracrine physiological roles. These local RASs have been found
in a lot of organ systems such as pancreas, heart, kidney, vasculature and adipose tissue,
nervous, reproductive and digestive systems [11]. APA is a part of RAS. In the pancreas,
the local RAS plays an important role in regulating local blood flow, control the secretion
of digestive enzymes, glucose — stimulated insulin release, etc. [ 11]. Studies show that the
pancreatic RAS components are responsive to various stimuli, including hypoxia, pan-
creatitis, hyperglycaemia, diabetes mellitus type 2, and pancreatic cancer [11]. The role of
APA in those pathological conditions remains to be evaluated in the future.

Participation of aminopeptidase A
in angiogenesis and tumorigenesis

Neovascularization consists of vasculogenesis and angiogenesis. Vasculogenesis is a
process of formation of new capillaries from angioblasts and angiogenesis is a develop-
ment of pre-existing vessels [24]. Angiogenesis is a result from a complex of interac-
tions between vascular cells and cells from the surrounding environment [28]. Angio-
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genic vasculature is a target for therapy in cancer [29]. Aminopeptidase A is expressed
in blood vessels from several types of human tumors and is undetectable or barely
detectable in normal vasculature [15]. Studies show that APA — deficient mice have a
decreased neovascularization. Treatment of mice who have tumors with APA — inhibi-
tors shows reduction of tumor growth [15].

Aminopeptidase A is expressed in neoplastic lesions of the uterine cervix and its
expression is upregulated as the lesion progresses from cervical intraepithelial neo-
plasm toward invasive squamous cell carcinomas [26]. Studies show that APA may
play a promoting role in neoplastic transformation and disease progression in cervical
neoplasm [6]. Immunohistochemical studies show that APA is strongly expressed at the
invasive front of the tumor lesions [26]. These findings support the fact that tumor—
stromal interaction is essential for the expression of aminopeptidases, including APA in
these types of tumors. In other kinds of tumors like Angiotensin [I-mediated cervical
cancer, overexpression of APA reduces the invasive potential[26]. That is so because
Angiotensin [l 1s not only a vasoconstrictor but it is also a growth factor that stimulates
cell migration and invasiveness of some kinds of tumors[20].

APA is normally expressed in the brush-border membrane of renal tubules where
it takes part in the luminal hydrolisis of polypeptides. Recent studies show that APA is
over-expressed in clear cell renal cell carcinoma patients. However, the enzyme activity
measured biochemically, is lower in comparison to the normal renal tissue [29]. This
discrepancy could be explained either by inhibition of catalytic activity throughout the
action of yet unknown cellular factors or by point mutation in the zinc binding motit
of the protein. Obviously, APAis involved in pathogenesis of renal cancer. although the
mechanism of this involvement remains to be elucidated in future studies [29].

Aminopeptidase A is expressed in human malignant gliomas and metastatic car-
cinomas in the brain [15]. The enzyme is overexpressed in perivascular cells and it is
enzymatically active. APA may play a role in several functions such as secretion ot
growth factors, modulation of the extracellular matrix and regulation of vascular per-
meability [15].

The expression of aminopeptidase A has been detected in other kinds of tumors.
Studies show that benign prostatic stroma exhibit no APA expression, but stromal cells
surrounding prostatic carcinoma cells demonstrate an increased APA expression [3].

Fibroblasts are heterogencous group of structural cells whose function is to pro-
duce all the precursors for extracellular matrix [1]. They take part in maintaining and
repairing the normal tissue. They also synthesize and respond to a lot of cytokines and

A

Fig. 1 Cytochemical demonstration of APA activity using a novel fluo-
rescent method. Low enzyme activity in normal mouse fibroblasts (A); a
substantially higher APA activity in mouse fibrosarcoma cells (B). 400x
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mediators and are involved in the process of inflammation and healing [1]. Fibroblasts
participate in tumorigenesis as they stimulate premalignant and malignant epithelial
cells to proliferate and to form tumors in mice [10].

Recently, we examined the expression of APA in normal fibroblasts and in fibro-
blasts from mouse fibroblastoma using enzyme histochemistry. The results showed that
in normal fibroblasts APA was weakly expressed but in fibroblasts from fibrosarcoma
APA was visibly more active (Fig. 1).

In view of these preliminary results, it seems possible that the enzyme is involved
in the regulation of malignant stromae fibroblasts. Since fibroblasts are the main cell type
in all kinds of solid tumor stromae, it would be valuable to continue the above studies in
order to elucidate the enzyme participation in the formation of tumor microenvironment.

In conclusion, APA activity is important for tumorigenesis. The enzyme role in
different types of tumors deserves to be studied in order to establish its diagnostic and/
or prognostic value.
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