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IEVADS

Eiropa strauskopiba ir salidzino$i jauna putnkopibas nozare, kas
intensivi attistas, pateicoties strauji augos$ajam pieprasijumam péc dzivnieku
valsts produkcijas ar pazeminatu tauku un holesterina saturu. Latvija, ka arl
citas Eiropas valstis strauskopiba ka nozare atrodas attistibas sakumposma, 1idz
ar to ir nepiecieSami pétijjumi, kas palidzetu izprast strausu calu audzeSanas
problematiskos jautdjumus un sekmétu nozares ekonomisko efektivitati. Ipasi
svarigi tas ir tadel, ka, veicot strausu audz&taju apsekosanu Latvija, iegtta
sakotngja informacija liecina, ka ¢etru méneSu vecumu sasniedz tikai aptuveni
50% strausu calu. Augsta strausu calu mirstiba novérojama art citu ES valstu
saimniecibas.

Lai raditu zinaSanu bazi, kas nepiecieSama zinatniski praktisku
petijumu veikSanai, nepiecieSama detaliz€ta organu sist€mu un aparatu izpéte
dazados ontogenézes periodos.

Par strausu gremoS$anas aparatu, pasSi ta atffstibu ontogenézg, ir
salidzino$i maz datu, kas norada uz strausu calu anatomiski fiziologiskas
uzbtves Tpatnibu nepietickamo izpéti.

Afrikas strausa (Struthio camelus var. domesticus) gremosanas kanala
anatomiskaja uzbtve, salidzinot ar citiem majputniem, ir vérojama virkne
butisku Tpatnibu, kas saistitas ar §is sugas dabigas izplatibas areala
klimatiskajiem apstakliem (tuksnesis) un saméra augsto kokskiedras ipatsvaru
bariba (Sales, 2006). Salidzinot ar citam putnu sugam, strausveidigajiem
raksturiga labi attistita kunga dziedzerdala (pars glandularis), kas pieaugusiem
Afrikas strausiem 2-2,5 reizes liclaka par muskuldalu (pars muscularis)
salsskabi un pepsinu producgjoso dzilo dziedzeru (gll. proventriculares
profundi) apvidu un virs§jo dziedzeru (gll. proventriculares superficiales)
apvidu, kas producé mukopolisaharidus saturosu sekrétu (Cho et al.,1984;
Bezuidenhout, Wan Aswegen, 1990; Catroxo et al., 1997; Ilopuecky, 2007).
Afrikas strausam, salidzinot ar citiem strausveidigajiem putniem, ir relativi
vismazakais dzilo dziedzeru apvidus attieciba pret kunga kopgo glotadas
laukumu (Cho et al., 1984; Cooper, Mahroze, 2004).

Strausveidigajiem putniem raksturiga labi attistita resna zarna, kas
pieaugu$am strausam veido nozimigako dalu no kunga-zarnu trakta apjoma
(Mc Lelland, 1989; Bezuidenhout, Wan Aswegen, 1990; Fowler, 1991;
Bezuidenhout, 1993; Clench, Mathias, 1995; ITopuecky, 2007).

Vistu un calu kunga un zarnu glotadas histologiska uzbive detalizeti
pétita jau pagajusa gadsimta vidd, tacu par strausiem $aja aspekta ir saméra maz
petjumu.  Vairaki autori (Bezuidenhout, Wan  Aswegen, 1990;
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Illanes et al., 2006; Wang et al., 2007) aprakstijusi pieaugu$u Afrikas strausu
kunga glotadas histologisko uzbaivi, tomér trikst detalizétu p&tjjumu par kunga
un zarnu attistibu ontogenézes sakumposma.

Pétijuma merkis un uzdevumi

Darba mérkis bija izp&tit strausu calu kunga un tievas zarnas makro-,
mikromorfologisko uzbiivi un dazu funkciondlo raditdju izmainas no 38.
embrionalas attistibas dienas 11dz divu ménesu vecumam.

Darba uzdevumi:

1. Noskaidrot strausu calu kunga un tievas zarnas atsevisko dalu
morfometriskos parametrus, ka ar to savstarp&jas attiecibas p&tamaja
ontogengzes perioda;

2. Mikroskopiski izvertét kunga un tievas zarnas sieninu strukturalas
izmainas;
3. Izpétit kunga un divpadsmitpirkstu zarnas intralumenala pH, ka ari

kunga un tievas zarnas kanala producéta mukoida sekréta izmainas;

4. Noteikt gastrina, somatostatina un vazoaktiva intestinala polipeptida
imunoreaktivo $tinu izplatibu kunga un tievas zarnas glotada.

Darba zinatniska novitate

e  Pirmo reizi pétiti Latvija audzetu Afrikas strausu kunga un tievo zarnu
morfometriskie parametri agrinajos ontogengzes posmos.

e Pirmo reizi veikta strausu kunga un zarnu sieninas padzilinata
histologiska izp&te agrinajos ontogenézes posmos.

e  Analizéts kunga-zarnu kanala eso$o mukoido sekrétu secerngjoso Stnu
daudzums un izplatiba, ka arT to sekréta kvalitativais sastavs péc
mukopolisaharidu veida.

e Pirmo reizi Latvija veikta kunga un zarnu intralumenala pH-metrija un
imunohistoktmiska izmeklésana Afrikas strausu embrijiem un caliem.



Péetijuma rezultatu aprobacija
Pétijuma rezultati aprobéti $adas zinatniskas konferences:

1. LLU VMF Starptautiska zinatniska konference ,Dzivnieki. Veseliba.
Partikas higiéna.” Jelgava, 2010. gada 29. oktobris. Strausu (Struthio
camelus var. domesticus) tievas un resnas zarnas morfometriskie raditaji
perinatalaja perioda;

2. 61° Annual Meeting of the European Associacion for Animal Production,
Greece, Crete, 23-27 August 2010. Characterization of gastric
intralumenal pH and development of the proventricular deep glands during
perinatal period in ostrich;

3. 28™ Congress of the European Association of Veterinary Anatomists,
France, Paris, 28-31 July 2010. Distribution of the gastrin an somatostatin
immunoreactive cells in the stomach of the ostrich during early ontogeny
(perinatal period);

4. 16-" International Scientific conference “Research for Rural Development”,
Latvia, Jelgava, 19-21 May 2010. Perinatal ontogenesis of gastric mucosa
in the ostrich (Struthio camelus var. domesticus);

5. LLU VMF Starptautiska zinatniska konference ,Dzivnieki. Veseliba.
Partikas higiéna.” Jelgava, 2008. gada 14. novembris. Strausa (Struthio
camelus var. domesticus) dzeltenuma maisa un kunga morfometriskie un
masometriskie raditaji agrinaja postnatalaja ontogeneze;

6. 14™ World Ostrich Congress. Latvia, Riga, 19-20 October, 2007.
Morphological characterization of the stomach in postnatal ontogenesis of
the African ostrich (Struthio camelus).

Darba apjoms: promocijas darbs noforméts 113 lappus€s un sastav no
anotacijas, ievada, literatiiras apskata, darba metodikas, p&tijumu rezultatiem,
diskusijas, secinajumiem, izmantotas literatiiras saraksta un pielikuma.



MATERIALS UN METODES
Pétijuma objekts un ta raksturojums

Petfjuma izmantoti 42 strausu ferma ,,0zolini AB” (Krustpils novads,
Latvija) audzetu Afrikas strausu abu dzimumu Ipatni, no tiem sedi embriji
38. inkubacijas diena un 36 cali 1, 3, 7, 14, 30 un 60 dienu veci, katra grupa
attiecigi pa seSiem Ipatniem. Strausu olas ieglitas no 2008. gada maija lidz
julijam un inkub&tas iepriekSmin€taja saimnieciba inkubatora
Euro Elektronik KL-72S.

Inkubacijas 39. diena olas ievietoja $kilSanas skapi Euro Elektronik
KK-24S, kura cali atradas ari pirmas 3 dienas péc izskilSanas. Sakot ar éetru
dienu vecumu, putni uzturéjas apsildama boksa ar smilSu gridu, un $aja
vecuma uzsakta to €dinasana ar komercialo strausu calu baribu Strus Premium
— Strus 1. Bariba un Gdens tika nodrosinati ad libidum.

Pirms eitanazijas attiecigas vecuma grupas (7, 14, 30 un 60 dienu
vecums) putni tika 12 stundas badinati. P&c tam tos narkotiz&am un tad
eitanizéjam. P&c eitanazijas katrs putna Iikis nosverts, izmantojot elektroniskos
svarus Kern 442-512N (+1g), un secéts talakai izmekl&sanai.

GremoSsanas kanala postmortala izmekléSana

Lai minimiz&tu pH vértibas izmainas pécnaves perioda, péc kermena
dobuma atvérSanas tika veikta intralumenala pH-metrija ar pH-metru
OAKTON® (£0,055) kunga pars glandularis pie baribas vada ieejas un dzilo
dziedzeru apvidi, ka arT kunga pars muscularis lamena un divpadsmitpirkstu
zarnas descendg€josa cilpa tris atkartojumos.

Makroskopiska izmekleSana

Pirms masometriskas un makromorfometriskas analizes gremosanas
kanals tika sadalits $ados segmentos: kungis (pars glandularis; pars
muscularis); tieva zarna (divpadsmitpirkstu, tuk$a, gtzu zarna); resna zarna
(akla, loka zarna).

Atseviski katram segmentam noteicam masu, izmantojot svarus
Kern EW 420-3 NM (+0,01 g), un attiecTgi aprékinajam kunga, tievas zarnas un
kop€jo zarnas masu. Pirms sv@rSanas organu saturs netika evakugts.
Morfometriski  kunga pars glandularis dalai noteicam loka
garumu (mm), glotadas kop&jo laukumu (mm?) un dzilo dziedzeru zonas
laukumu (mm?), bet kunga pars muscularis — diametru.
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Analizgjot zarnas morfometriskos raditajus, noteicam tievas zarnas
segmentu garumu: divpadsmitpirkstu zarnai no ostium pyloricoduodenale lidz
fexura duodenojejunalis; tuksajai zarnai no fexura duodenojejunalis Iidz aklas
zarnas galotnes ltmenim, gizu zarnai no aklas zarnas galotnes limena lidz
ostium ileocecale. Kopgjais zarnas garums tika noteikts no ostium
pyloricoduodenale 1idz kloakas paplasindgjumam, ietverot abas aklas zarnas un
loka zarnu. Organu un to dalu garuma noteik$anai izmantots lentmérs (+1mm),
bet pars muscularis diametra  noteikSanai  digitalais = bidmers
Limit-2000 (+0,01mm).

Zarnu relativo garumu aprékinajam, konkretas zarnas segmenta garumu
attiecinot pret kop&jo zarnu trakta garumu. Kunga glotadas laukumu (£0,1cm?)
noteicam, izmantojot elektronisko planimetru Sokkia KP-90N.

Mikroskopiska izmekléSana

Audu histologiskie paraugi (0,5-1x1cm) iegiti no septiniem kunga un
tievas zarnas apvidiem: kunga pars glandularis dzilo un virséjo dziedzeru
apvidus, kupga pars muscularis sanu sienas un pylorus apvidus,
divpadsmitpirkstu, tuksas un gozu zarnas vidusdalas. Katrs paraugs pirms
ievietoSanas fiksatora noskalots ar vaju silta 0,9% NaCl skiduma striiklu
glotadas atbrivoSanai no limena satura. Paraugi fikséti 10% neitralaja
formalina 48 stundas istabas temperatiira, péc tam dehidratéti audu procesora
(TISSUE-TEK 1I) un ieslégti parafina blokos, izmantojot standartizétu audu
histologiskas sagatavosanas procediiru (Carson, 1997; Kiernan, 2008). Kopuma
nofikseti un parafina blokos ieslégti 294 audu paraugi.

No katra audu parauga veikti 8 griezumi 4-5 um biezuma (mikrotoms
SLEE CUT 5062), uzpeldinati uz priek§metstikliniem un zavéti 24 h 38 °C
temperatiira, sagatavojot tos talakai histologiskai apstradei.

Visparéjai histologiskai novértésanai audu paraugi deparafinizéti,
hidratéti un krasoti ar hematoksilinu un eozinu péc standartizétas metodikas
(Carson, 1997).

Epitelialo mukosubstancu identificéSanai tika izmantotas S$adas
histokimiskas reakcijas: perjodskabes-Siffa reakcija (PAS) — neitrilo
mukopolisaharidu identific€Sanai; alcianzila pie pH 2,5 (AB) — skabo
mukopolisaharidu identificé$anai un alcianzila pH 2.5-perjodskabes-Siffa
reakcija (AB/PAS) — jaukto mukopolisaharidu identificé$anai (Carson, 1997
Kiernan, 2008). Audu paraugu papildu griezumi, kas iegiiti no embrijiem un 1
un 3 dienu veciem strausu caliem pirms krasosanas ar PAS un AB/PAS
reakcijam 30 mindtes istabas temperatira tika izturéti 1% amilazes $kiduma
iespgjama  intracelulara  glikogéna  diferenc€Sanai no  neitralajiem
mukopolisaharidiem (Luna L., Luna D., 1992; Tyler, 1994; Carson, 1997).



Gastrina, somatostatina un vazoaktiva intestinala
polipeptida (VIP) imunoreaktivo $tnu identifikacijai audu griezumus
uzpeldinajam uz silikonizétiem priek$metstikliniem (Histo Bond®™) un p&c tam
streptavidina — biotina metode (LSAB+, Dako) (Carson, 1997; Boenisch et al.,
2001). Ka primaras antivielas izmantotas poliklonalas koncentrétas antivielas
(1. tab.). Noslédzot imunohistokimisko reakciju, antivielas-antigéna kompleksa
vizualiz&€8anai uz audu griezuma aplicgjam hromogéna sistemu (Liquid DAB +
Substrate Chromogen system, Dako, K3468), bet $tinu kodolus piekrasojam ar
Haris hematoksilinu.

1. tabula/ Table 1

Imunohistokimiskai izmekléSanai izmantoto antivielu titrs
un inkubacijas laiks
Antibody titre and incubation time used for
immunohistochemical examination

Antiviela, sérijas Nr./ Titrs/ Inkubacijas laiks/
Ant-body, serial No. Titre Incubation time,
min.
Gastrins, polyclonal Rabbit (Dako, A0568), 1:1000 30
00045802
Somatostatins, polyclonal Rabbit (Dako, A0566), 1:2000 30
10025008
VIP, polyclonal Rabbit (Abcam, ab78536-100), 1:200 30
749465

Negativai kontrolei izmantojam identiskus audu paraugus, kuriem
veicot imunohistokimisko procediiru, primaras antivielas vieta tika izmantots
antivielu atskaiditajs (Dako, S3002) bez primaras antivielas. Ka pozitiva
kontrole parbaudei uz gastrina antivielu imunoreaktivitati izmatoti supa kunga
pylorus dalas glotadas histologiskie griezumi, Uz somatostatina antivielu
imunoreaktivitati — supa aizkunga dziedzera, bet uz VIP attiecigi — suna
divpadsmitpirkstu zarnas histologiskie griezumi (Erlandsen et al., 1976;
Parsons et al., 1976; Alumets et al., 1977).

Kunga sieninas histologiska noveértéSana. Novertéjam kunga pars
glandularis un pars muscularis sieninas vispargjo histologisko uzbtvi
attiecigajos apvidos. Veikti abu kunga dalu glotadas biezuma (um), pars
glandularis virsgjo dziedzeru garuma (dziluma) (um), dzilo dziedzeru
parenhimas laukuma (um?), ka ari pars muscularis zemdziedzeru (kompakta)
slana biezuma mérfjumi. Glotadas biezums merits 30 vietas katra parauga (5
redzeslauki, katra 6 mérijumi). Virs€jo dziedzeru dzilums (garums) mérits 30
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pareizi orientétiem dziedzeriem katra parauga. Dzilo dziedzeru parenhimas
laukums mérits 5 redzeslaukos katra parauga un attiecinats pret kop€jo glotadas
laukumu attiecigaja redzeslauka. No visiem mérijjumiem iegiiti vidgjie raditaji
katram Tpatnim.

Epitelialo mukopolisaharidu kvalitativais sastavs, ka arT novietojums
glotada dazados kunga regionos noveértéts, caurskatot visu preparatu un
novertgjot attieciga mukopolisaharidu veida ipatsvaru katra kupga apvida
katram Tpatnim.

Gastrina, somatostatina un VIP imunoreaktivo $tnu skaits kunga
glotada noteikts 10 redzeslaukos 400 reizu palielinajuma katra apvidi un
katram ipatnim. Noteikts redzeslauka kop€jais glotadas laukums un pozitivo
stinu skaits taja. Stinu skaits parrekinats uz 1mm? glotadas laukuma.

Tievas zarnas sieninas histologiska novértésana. Novértéta zarnas
sieninas attiecigo dalu vispar§ja histologiska uzbuve. Tievas zarnas
detalizétakai glotadas izvertéSanai veikti $adi meérjjumi (um): zarnas barkstinas
garums un platums, ka ari barkstinas garengriezuma laukums (pm?). M&rfjumi
veikti 10 barkstinam katra tievas zarnas apvida katram Tpatnim.

Izmantojot  histoktmiskas reakcijas, veikta kausveida Stnu
diferencéSana p&c mukopolisaharidu kvalitativa sastava tajas: skabos (AB+),
neitralos (PAS+) un jauktos (AB/PAS+) mukopolisaharidus saturosas $iinas.
Kausveida $tinu skaits noteikts 10 barkstinas katra preparata, katra tievas zarnas
apvidd, katram Tpatnim. legiitais $inu skaits aprékinats uz Imm? zarnas

barkstinas mediana skérsgriezuma laukumu.

Gastrina, somatostatina un VIP imunoreaktivo Sunu skaits tievas
zarnas glotada noteikts 10 redzeslaukos 400 reizu palielinajuma katra apvidd un
katram Tpatnim. Stinu skaits parrekinats uz 1mm? glotadas laukuma.

Kopuma izvértéti 2166 histologisko preparatu griezumi. Histologiska
novert€sana veikta, izmantojot gaismas mikroskopiju ar multifunkcionalu
mikroskopu Leica DM500B. Mikroskopiska attela apstrade, fotografésana un
mériSana veikta, izmantojot kameru Leica DFC 490 un datorizétu programmu
Image - Pro Plus 6.1.

Datu statistiska apstrade

Darba iegitie dati statistiski apstradati, izmantojot SPSS 11,5
programmu. Katram raditajam aprékinata vidgja aritmétiska vertiba un
standartkliida (SEM). Lai salidzinatu vidgjos raditajus starp vecuma grupam,
izmantojam daudzfaktoru dispersijas analizi ANOVA vairaku nesaistitu
paraugkopu vidgjo vertibu salidzinasanai, ka ari T-testu divu saistitu
paraugkopu salidzinaSanai (vienas vecuma grupas ietvaros). Raditaju
Savstarp&jas sakaribas noteikSanai pielietojam Pearson korelaciju analizi
(Arhipova et al., 2003).
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PETIJUMA REZULTATI UN DISKUSIJA

Strausu calu kunga un tievas zarnas makroskopiska uzbiive no
38. embrionalas attistibas dienas Iidz 60 dienu vecumam

Kermena masa, dzeltenuma maisa, kunga un zarnu masa

Strausu calu kermena masas, ka arl dzeltenuma maisa un kunga
masometriskie raditaji atspoguloti 2. tabula.

2. tabula /Table 2
Strausu calu kermena, dzeltenuma maisa un kunga
masometriskie raditaji
Massmetric parameters of body, yolk sack and stomach
of the ostrich chicks

Vecums/ Kermena Dzeltenuma maiss/ Kungis (ar saturu)/ Stomach
Age masa/ Body Yolk sack (with its contents)
(dienas/ weight % +SEM % +SEM
days) g+SEM no kermena g+SEM no kermena
(g+SEM) masas/ of masas/ of
body body weight
weight
38 embr. 902.1+30.86 360.7+32.83 40.0+3.38 9.0+1.18 1.0+0.13
1 860.0+46.16 231.5+27.31 26.7+2.55 15.2+1.46 1.8+0.22
3 869.0+34.39 203.8+19.48 23.94+2.92 48.7+7.47 5.5+0.71
7 770.8+£23.75 124.9+18.60 16.5+£2.74 69.1+4.98 9.0 £0.59
14 1058.5+60.35 14.7+8.95 1.4+0.90 126.7+6.64 12.1+0.77
30 1506.3+124.6 reducéts/ - 242.5+18.62 16.3+1.08
reduced
60 5100.0+594.6 reducéts/ - 645.5+62.06 12.9+0.78
reduced

Calu kermena masa no 38. embrionalas attistibas dienas I1dz tris dienu
vecumam batiski nepalielinas un lidz 7 dienu vecumam tai ir tendence pat
samazinaties, tacu otraja nedela péc izskilsanas kermena masa sak pieaugt un
lidz 30 dienu vecumam ta gandriz divkarSojas (p<0,01), bet 60 dienu vecuma
ta, salidzinot ar izskilSanas dienu, jau ir pieckarSojusies (p<0,001). Visstraujako
kermena masas picaugumu (120 g/diennakti) novérojam otraja dzives ménesi —
starp 30. un 60. dienu, savukart no 7. Iidz 30. dienai kermena masa vidgji
picauga tikai par 32 g diennakti.

Kermena masas zudums caliem no 3. lidz 7. dzives dienai, iesp&jams,
skaidrojams ar dzeltenuma maisa straujo redukciju, sakot ar 3. dzives dienu,
turklat pilnvertigu baribas uzpemSanu cali uzsak tikai 4.-5. diena péc
iz8kilsanas. Lidzigu viedokli pauz ari Deeming et al. (1993), noradot, ka
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strausu cali kermenpa masu strauji zaud€ pirmaja piecas dzives dienas tiesi
Saistiba ar dzeltenuma maisa straujo uzstkSanos. Degen et al. (1991)
konstatgjis, ka veseliem strausu caliem kermena masa samazinas lidz pat
6. dzives dienai, tacu 7 dienu vecuma jau v@rojams neliels dzivmasas
pieaugums.

Dzeltenuma maisa masa no 38. embrionalas attistibas dienas Iidz
iz8kilSanas dienai strauji samazinas (p<0,05), (2. tab., 1.att.), no 1. Iidz 3. dienai
ta redukcija paléninas, bet strauja dzeltenuma maisa masas samazina$anas
atsakas ar 3. dzives dienu. Salidzinot ar izSkilSanas dienu, 7 dienu vecuma
dzeltenuma maiss jau zaudgjis 46% (p<0,05), bet 14 dienu vecuma jau vairak
neka ka 95% no savas masas (p<0,01). 30 dienu vecuma dzeltenuma maiss
vairs nav noverojams.

Iji et al. (2003) sava petijjuma norada, ka strausu caliem 3 dienu
vecuma dzeltenuma maisa masa ir 15-36% no kermena masas, bet 27 dienu
vecuma tas jau pilniba izzudis. Dzoma et al. (2001) konstatgjis, ka fiziologiski
strausu caliem dzeltenuma maiss pilniba reducgjas starp 10. un 14. dzives
dienu. Salidzinosi vistu broileru caliem dzeltenuma maiss pilniba reducgjas jau
lidz 10. dzives dienai (Iji et al., 2001).

Kunga absoltitas masas pieaugums vérojams visa novérotaja attistibas
perioda (2. tab., 1. att.). 30 dienu veciem strausu caliem ta masa ir 242,5+18,62
grami, kas veido 16,3+1,08% no kermena masas. Kunga absoliitas masas
pieaugums $aja vecuma ir butisks, salidzinot ar iz8kil$anas dienu (p<0,001) un
septinu dienu vecumu (p<0,01).

Kopuma kunga masa novérotaja ontogenézes perioda strausu caliem
palielinas 71 reizi (tas ir, no 9,0£1,18 g — 38. embrionalas attistibas diena lidz
645,5+62,06 g — 60 dienu vecuma).

Kunga relativas masas bitisks pieaugums vérojams lidz 30 dienu
vecumam (p<0,01), kad ta sasniedz maksimumu — 16,3+1,08%.
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1. att. Strausu calu kermena, dzeltenuma maisa, kunga un zarnu masas
(9£SEM) izmainas pirmaja dzives ménest
Fig. 1 Body weight, yolk sack, stomach and intestine weight (g£SEM)
changes over the first month of life of the ostrich chicks

Kop€ja (tievas un resnas) zarnas masa pétitaja ontogenézes perioda
strausu caliem palielinas 67 reizes (t. i., no 8,81+1,00 g — 38. embrionalas
attistibas diena I1dz 593,64+82,66 g — 60. diena). Bitiskakais masas pieaugums
konstatéts starp 1. un 14. dienu (p<0,05); 7. un 30. (p<0,01) (1. att.) un 30. un
60. dienu (p<0,001).

Zarnas relativa masa maksimumu sasniedz 30 dienu vecuma, veidojot
18,5+0,97% no kermena masas, bet turpmakaja perioda ta batiski (p<0,01)
pazeminas un 60 dienu vecuma ir 12,6£1,13%.

lji et al. (2003) norada, ka kunga un zarnu relativa masa strausu caliem
turpina nedaudz palielinaties arT otraja dzives ménesi, savukart miisu pétijumi
paradija batisku kunga un zarnu relativas masas pazemina$anos no 30. lidz 60.
dzives dienai. lesp&jams, tas skaidrojams ar atSkirigo putnu augsSanas
intensitati, ko var ietekmét &dinasanas un turéSanas apstakli, kaut arT petjjuma
noraditie turéSanas apstakli ir visuma lidzigi k& misu pétijuma. [lopuecky
(2007) konstatgjis, ka pieaugusam strausam zarnas relativa masa veido tikai
4,2% no dzivmasas.

Kunga anatomiskais raksturojums

Kunga dziedzerdala (pars glandularis) 38 dienas veciem embrijiem
un tikko iz8kilusiem putniem ir varpstveidigas formas, neliela, tacu — jau 7
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dienu vecuma tas apjoms strauji palielindjies, forma kliist maisveidiga, izliekta,
ta aptver kunga pars muscularis kreiso un kaudalo dalu. Pars glandularis
sienina sameéra plana, bet gar organa ventrolateralo malu talit aiz baribas vada
atveres gareniska ,,laivinveidiga” josla ta ir biezaka. Saja zona atrodas dzilie
dziedzeri (gll.proventriculares profundi). Sis apvidus stiepjas ventrokaudali ka
labi norobezota josla lidz pat kunga pars glandularis vidusdalai.

Kunga muskuldalai (pars muscularis) ir apala diskveidiga forma un
bieza siena. Pars muscularis novietota kermena dobuma kranioventralaja dala
nedaudz pa kreisi no kermena vidusplaknes, ta pieskaras védera ventralajai
sienai. No kreisas un kaudalas malas to aptver kunga pars glandularis. Ja
prenatalaja perioda un izskilSanas diena abu kupga dalu lielums ir vizuali
lidzigs, tad, jau sakot ar treSo dzives dienu un lidz pat 60. dienai, novérojama
abu dalu disproporcija, palielinoties kunga pars glandularis relativajiem
izmériem.

Cho et al. (1984), salidzinot strausveidigo putnu kunga anatomiju,
norada, ka Afrikas strausam starp visiem strausveidigajiem putniem kunga pars
glandularis proporcionali ir vislielaka salidzinot ar pars muscularis.

Uz straujaku strausu calu kunga pars glandularis attistibu péc 3 dienu
vecuma sasniegSanas norada armT misu iegiitie morfometriskie dati, kas
atspogulo kunga abu dalu izméru pieaugumu Iidz 60 dienu vecumam (2. att.).

400

350 /I

300 / pars

250 glandularis

loks/ arc
E 200 /1/ /
150

100 / pars

—_— - muscularis
50 ~ - = = diametrs/
0 . . . . . . . . diameter

38.embr. 1 3 7 14 30 60
Vecums, dienas/ Age, days

2.att. Strausu calu kunga pars glandularis un pars muscularis
morfometrisko raditaju (mm+SEM) izmainas no 38. embrionalas
attistibas dienas Iidz 60 dienu vecumam
Fig2 Changes in morphometric parameters (mm=SEM) of
pars glandularis and pars muscularis of the ostrich chicks from day
38 of embryo development to the age of 60 days
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Ja kunga pars muscularis diametrs 30 dienu vecam calim, salidzinot ar
iz8kilSanas vecumu, ir divkarSojies un sasniedz 50 mm (p<0,001), tad pars
glandularis loka garums $aja perioda palielingjies jau 2,7 reizes (p<0,001).

Pieaugusiem strausiem kunga pars glandularis ir 2-2,5 reizes lielaka
neka pars muscularis (TTopuecky, 2007).

Domajams, ka strauja kunga pars glandularis attistiba jau driz péc
iz8kilsanas saistama ar §is kunga dalas funkcionalajam ipatnibam, kas
izveidojusas, pateicoties Afrikas strausu dabigajam izplatibas arealam —
tuksnesim un ar to saistitajai baribas bazei.

Vairaki autori uzskata, ka salidzinosi liela kupga pars glandularis
strausam kalpo ka nesen uzpemtas baribas un iidens rezervuars. Petfjumi
pierada, ka pat 20 stundas nedzirdinatiem strausu caliem joprojam
rentgenologiski bija novérojams briva tdens limenis kunga pars glandularis
(Skadhauge et al.,1984; Degen et al., 1994).

Abu kupga dalu glotadu visu vecumu strausu caliem klaja saméra
biezs koilina slanis (cuticula gastris) zalgani dzeltena krasa.

Lielakajai dalai putnu sugu koilins izklaj tikai kunga pars muscularis
lumenu. Arl §1 Tpatniba strausiem visticamak saistita ar specifisko baribas
klastu, kas saistits ar §is sugas dabigajiem dzives apstakliem. Sales (2006)
norada, ka Afrikas strausi savvala partiek no sukulentiem, s€klam, ogam un
zales. Kopa ar baribu tie uznem art daudz, pat samera liela izméra akmentinu.
Jadoma, ka viena no kutikulas funkcijam kunga pars glandularis ir glotadas
mehaniska aizsardziba. Degen et al. (1994), vadoties no saviem pétijumiem,
izvirza hipotézi ka kunga pars glandularis kalpo ari ka @idens rezervuars.
Iesp&jams, ka koilina funkcija, izklajot kunga dziedzerdalas glotadu, ir ari
paléninat tdens uzsiikSanos $aja gremoSanas trakta dala, tadéjadi nodrosinot
tidens rezerves organisma.

Kunga pars glandularis kopgjais glotadas virsmas laukums strauji
pieaug un starp 30. un 60. dzives dienu tas palielinajies 2,5 reizes (p<0,001),
savukart dzilo dziedzeru apvidus palielinas lIénak. No 30. Iidz 60. dzives
dienai dzilo dziedzeru apvidus glotadas laukums tikai divkar$ojas (p<0,001).

Neproporcionalos abu glotadas zonu augSanas tempus atspogulo ari
dzilo dziedzeru apvidus relativa laukuma raditaji. JaundzimusSiem caliem pars
glandularis dzilo dziedzeru apvidus relativais laukums veido 22,5+1,52% no
kopgjas pars glandularis glotadas virsmas, bet, putnam pieaugot, tas samazinas
lidz 14,0+0,36% (p<0,01) 60 dienu vecuma (3. tabula).
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3. tabula/ Tabele 3

Strausu calu kunga pars glandularis glotadas
makromorfometriskie raditaji
Macromorphometric parameters of the stomach pars glandularis mucosa
for the ostrich chicks

Vecums Kopégjais Dzilo dziedzeru apvidus glotadas virsmas: /Mucosa
(dienas)/ | glotadas virsmas surface area of the deep proventricular glands region:
Age laukums/ Total relativais laukums/
(days) surface area of laukums/ area relative area
mucosa (mm? + SEM) (% SEM)
(mm? £ SEM)

38. embr. 2470+295.0 540+£53.0 22.54+1.52

1 3210+163.0 710£70.0 22.0+1.58

3 4360+334.0 880+78.0 20.1+0.99

7 7400+354.0 1440+72.0 19.6+1.03

14 13130+1220.0 2270+157.0 17.8+£1.38

30 18350+1645.0 3080+244.0 17.0+0.98

60 45960+2850.0 6460+440.0 14.0+0.36

Cho et al. (1983), salidzinot strausveidigo putnu kunga
pars glandularis glotadu, konstatgjis, ka Afrikas strausam dzilo dziedzeru
zonas (dziedzeri, kas producé kunga sulu) laukums no visiem strausveidigajiem
putniem relativi ir vismazakais. Tas veido tikai 25% no kopé&ja kunga pars
glandularis glotadas laukuma (Cooper, Mahroze et al., 2004).

Salidzinosi vistai visa kunga dziedzerdalas glotada atveras salsskabi
un pepsinu producgjoso dzilo dziedzeru (gll. proventriculares profundi) izvadi
(Nickel, et al., 1992; Braveris, 2007; ITopuecky, 2007), un $adas zonas neizskir
kunga pars glandularis dala.

Lai gan strausam dzilie dziedzeri atrodas tikai neliela kunga pars
glandularis glotadas zona, tie spécigi attistiti un, pateicoties lielakam $is kunga
dalas apjomam un ilgstosakai baribas pasazai caur $o kunga nodalijumu, bariba
pietiekami labi spgj sajaukties ar kunga sulu (Degen et al., 1994). Par to liecina
arT misu pétjuma veiktie kunga pars glandularis vides pH mérfjumi, kas
uzradija, ka nav bitisku atskiribu starp pH limeni dazados kunga pars
galndularis apvidos.

Tievas zarnas anatomiskais raksturojums

Pétfjuma iek]autajiem putniem visas vecuma grupas attistitas un labi
iezimgjas visas trTs tievas zarnas dalas — duodenum, jejunum un ileum.

Divpadsmitpirkstu zarna (duodenum) sastav no lejupejosas (pars
descendens) un augSupejosas (pars ascendens) dalas, kas wveido
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izliekumu — U veida cilpu. Zarnas cilpa, tas apzarni novietots aizkunga
dziedzeris (pancreas). AugSupejosa dala pie aizkunga dziedzera izliekuma jau
kermena dobuma labaja pusé zarna veido nelielu sekundaro cilpu, bet péc tam,
veidojoties flexura duodenojejunalis, ta bez redzamas robezas pariet tuksaja
zarna.

Pieaugot calu vecumam, zarna salidzino$i vairak atbidita kaudali,
pateicoties galvenokart kunga pars glandularis apjoma pieaugumam.
Kraniodorsali no U veida cilpas atrodas akla zarna, kuras apzarnis saistits ar
divpadsmitpirkstu zarnas apzarni.

Tuksa zarna (jejunum) novietota kermena dobuma labaja pusé starp
kunga pars muscularis un labo nieri. Tas proksimala dala atrodas tuvu kunga
pars muscularis pylorus regionam, kur sakas divpadsmitpirkstu zarna, bet talak
zarna veido lokus, kas ietverti gara apzarni, un dodas nedaudz kaudali un pa
kreisi, lidz sasniedz aklas zarnas (caecum) galotni, kur pariet giizu zarna
(ileum).

Giuizu zarna (ileum) ietverta 1sa apzarni, kas to saista ar divam labi
attistitam aklam zarnam, veidojot giizu-aklas zarnas saiti (lig. ileocecale). Gizu
zarna sakas kermena dobuma kreisaja pus€, aklas zarnas galotnes limeni un
talak pagriezas uz labo pusi, virzas paraleli starp abam aklas zarnas cilpam
dorsali no divpadsmitpirkstu zarnas kraniolaterala virziena, gandriz sasniedzot
labo v&dera sienu. Aklas zarnas pamatnes limeni, kur abas simetriskas aklas
zarnas savienojas, novérojama ileocekala atvere (ostium ileocecale). Saja vieta
sakas loka zarna. Vecakiem caliem (60 dienu vecuma) giizu zarnai paradas vaji
ieziméetas haustras.

Tievas zarnas absolitas masas piecaugums pirmajas diends péc
iz8kilSanas ir samera léns, tacu strauj§ masas kapums konstatéts péc 3 dienu
vecuma sasniegSanas. Tievas zarnas absoliita masa turpina lineari pieaugt visa
pétitaja ontogenézes perioda. Ontogenézes agrinajos posmos tievas zarnas
masas palielinasanas norit straujak. Ta, piem&ram, no 3 lidz 14 dienu vecumam
tievas zarnas masas pieaugums ir pieckartigs, bet no 30. Iidz 60. dzives dienai
tas masa palielinas 2,5 reizes (p<<0,001) un sasniedz 182,1+28,6 g.

Tievas zarnas relativa masa turpina lineari pieaugt Iidz 30 dienu
vecumam, kad ta sasniegusi savu maksimumu un veido 4,91+0,37 % no
kermena masas, pie tam visstraujakais relativas masas pieaugums verojams
tieSi no 7. lidz 14. dzives dienai (p<0,01). Salidzinot ar 30. Dienu, 60 dienu
vecuma caliem konstatéta tievas zarnas relativas masas samazinasanas lidz
3,79+0,14% no kermena masas.

Savukart Iji et al. (2003) pétijums rada, ka 27 dienu vecuma strausu
caliem tievas zarnas relativa masa ir 4,6%, ta nedaudz turpina pieaugt lidz
4,7% — 41 dienas vecuma, bet tad sak samazinaties un 72 dienu vecuma veido
4,2% no kermena masas.
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P&tfjumi vistu un pilu caliem parada, ka tievas zarnas relativa masa
savu maksimumu sasniedz jau pirmaja attistibas ned€la, bet p&c tam ta
pakapeniski samazinas (Soriano et al., 1993; King et al., 2000).

Analizgjot tievas zarnas kop&o garumu, konstatéjam, ka strauja
tievas zarnas augSana garuma sakas p&c izskilSanas, kad 7 dienu vecuma tas
garums jau divkar$ojies, salidzinot ar 38. embrionalas attistibas dienu un ir
1001,7465,52 mm, jeb 38,4+1,10% no kop€ja zarnas garuma. Bitisks tievas
zarnas garuma pieaugums vEérojams starp 3. un 14. dienu (p<0,05); 30. un
60. dienu (p<0,01) (3. att.).
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3. att. Strausu calu tievas zarnas garuma izmainas (mm=SEM) no
38. embrionalas attistibas dienas lidz 60 dienu vecumam
Fig. 3 Changes in the small intestine length (mm+SEM) of the ostrich
chicks from day 38 of embryonic development to the age of 60 days

Tievas zarnas relativais garums strausu caliem visas vecuma grupas
svarstas no 33,8+1,75% 14 dienu vecuma Iidz 43,4+2,04% 38. embrionalas
attistibas diena ar tendenci samazinaties, pieaugot calu vecumam. Lielako dalu
no zarnu garuma visos izmekl&tajos ontogenézes posmos strausu caliem veido
resna zarna.

Wang un Peng (2008) noradijusi, ka tievas zarnas garums strausu
caliem laika posma no 1. lidz 45. dienai palielinas daudz straujak neka no 45.
lidz 90. dienai. So faktu apstiprina arf misu pétijuma iegiitie dati. Ja pirmaja
dzives menesi tievas zarnas garums palielinajas par 1467 mm (3,5 reizes), tad
otraja dzives ménesi tas bija palielingjies tikai par 917 mm (1,4 reizes).

Miusu iegitie rezultati parada, ka kopuma pirmajos divos dzives
meénesos strausu caliem tievas zarnas garums palielinas 5 reizes, bet Wang un
Peng (2008) konstatgjusi, ka pirmajos trijos dzives méneSos tievas zarnas
garums strausu caliem pieaug 6 reizes, kamér vistu caliem $aja laika tas
palielinas tikai 3,4 reizes. Salidzino$i strauja zarnu augSana strausu caliem
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pirmajos dzives méneSos norada uz butisku §Ts sugas anatomiski fiziologisku
Ipatnibu, kas janem vera, izveloties optimalu &dinasanu un izvertgjot
raksturigakas patologijas $aja ontogenézes posma.

Aplakojot atsevisku tievas zarnas dalu makroskopisko attistibu
attiecigaja ontogen&zes posma, konstatéjam, ka lielako tievas zarnas masas un
garuma Tpatsvaru veido tuksa zarna.

Tievas zarnas atseviSku dalu masa un garums pieaug proporcionali
kopgjam tievas zarnas masas un garuma izmainam.

Wang un Peng (2008) konstatgjusi, ka diennakti vecam strausu calim
tuksas zarnas relativa masa ir 0,65%, divpadsmitpirkstu zarnas attiecigi — 0,1%,
bet giizu zarnas — 0,08% no kermena masas.

Tievas zarnas dalu relativais garums att€lots 4. attela.
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4. att. Strausu calu tievas zarnas dalu relativais garums no 38. embrionalas
attistibas dienas lidz 60 dienu vecumam
Fig.4 Relative length of the small intestine of the ostrich chicks from day
38 of embryonic development to the age of 60 days

Divpadsmitpirkstu zarnas garums procentuali no kop&ja zarnu garuma
visas pétitajas calu grupas svarstas no 6 lidz 9%, tuksas zarnas vid&ji — 27%,
bet giizu zarnas — 4%. Pieaugot calu vecumam, divpadsmitpirkstu un tuksas
zarnas relativajam garumam ir tendence samazinaties (4. att.).

ArT Wang un Peng (2008) noradijusi, ka garaka no tievas zarnas
segmentiem ir tuksa zarna. So zinatnieku iegiitie dati attieciba uz tievas zarnas
dalu relativo garumu korel€ ar miisu p&tijuma iegttajiem datiem.
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Strausu calu kunga un tievas zarnas mikroskopiska uzbiive no
38. embrionalas attistibas dienas lidz 60 dienu vecumam

Kunga histologiskais raksturojums

Visiem izmekl&tajiem putniem kunga dziedzerdalas
(pars glandularis) glotadu (tunica mucosa proventriculi) klaj vienkartas
cilindrisks epitélijs, kas, ieliecoties glotadas pamatkarta (lamina propria
mucosae), veido vienkarSus tubularus dziedzerus — kunga pars glandularis
virséjos dziedzerus (gll. proventriculares superficiales).

38. embrionalas attistibas diena virséjo dziedzeru tubulas ir Tsas, to
veidojoSais epitélijs ir zems cilindrisks, bet dziedzera pamatné kubisks.
Iz8kilsanas diena dziedzeru tubulas jau ir dzilakas un, pieaugot putnu
vecumam, to garums palielinas. Sakot ar 3. dzives dienu, novéro atsevisku
dziedzeru zaroSanos, bet 7. un 14. dzives diena jau noveéro saméra daudz zarotu
dziedzeru un to ltimeni ir plasaki.

Ari Bezuidenhout, Wan Aswegen (1990) un Illanes et al. (2006) savos
pétifjumos par strausa kunga glotadu konstatjusi, ka strausiem virsgjo
dziedzeru uzbiive varié no vienkarSiem lidz zarotiem tubulariem dziedzeriem.
Savukart Wang et al. (2007), ITopuecky (2007) p&tijumos par strausa kunga
glotadas uzbuvi §adu sugai specifisku Ipatnibu nav noradijusi.

Jaatzimé, ka vairumam putnu sugu, tai skaita arm majputniem, kunga
pars glandularis virsgjo dziedzeru (gll. proventriculares superficiales) uzbuve
ir vienkarsa tubulara, to zaro$anos nenovéro (Catroxo et al., 1997; Aughey,
Frye, 2001; Bacha W, Bacha L, 2006; Samuelson, 2007).

Analizgjot pars glandularis glotadas mukoida sekréta kvalitativo
sastavu, visu vecumu putniem konstatéjam, ka Stinas, kas novietotas tuvak
dziedzera kaklinam, parsvara krasojas PAS+ vai AB+, bet dzilak esoSas —
jaukti. Dziedzeros producétais sekréts izplist glotadas virspusg, veidojot
koilina slani.

Citu autoru péetjjumus par strausa kunga mukoida sekréta
diferencésanu p&c mukopolisaharidu veida neatradam, tacu lidzigi petijumi ir
veikti caliem (Sgambati et al., 1995), vistam (Pastor et al., 1998) un pérlvistam
(Selvan et al., 2008). Konstatéts, ka $Tm putnu sugam kunga pars glandularis
epitelijSinas, kas veido virsgjos dziedzerus, satur neitralos un skabos
mukopolisaharidus saturoSas granulas un producé gan neitralos, gan skabos
mukopolisaharidus saturosu sekrétu.

Glotadas muskulplatnite (lamina muscularis mucosae) virsgjo
dziedzeru apvida saméra labi attistita, sakot ar 3. dzives dienu, bet jaunakiem
strausu caliem ta bija saméra vaji attistita.
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Kunga pars glandularis dorsolateralaja siena visu vecuma grupu
putniem  novéro kupga pars glandularis  dzilos dziedzerus
(gll. proventriculares profundi). Dzilie dziedzeri sastav no daudzam grupas
sakartotam noapalotam, stirainam polimorfam daivinam. Katru daivinu veido
cieSi izvietotas tubulas, kas pa terciarajam un sekundarajam ejam atveras
dziedzera centralaja dobuma. Daivinu centralos dobumus primaras ejas savieno
ar kunga pars glandularis glotadas virsma eso$ajam karpipam. Dziedzera
tubulas (sekretorais epit€lijs) sastav no viena tipa §tinam — vienkartas kubiskam

ey —

38. embrionalas attistibas diena dziedzeru grupas sastav no vaji
attistitam noapalotam polimorfam daivinam, Starp kuram izvietoti saistaudi
(stroma) un gludo muskulskiedru elementi. Dziedzera daivinas periférija
novéro 1sas, vaji  attistitas  tubulas, kuras norobezo  kubiskas
dziedzerepitelijStnas ar lieliem apaliem vezikulariem kodoliem un graudainu
citoplazmu. Karpinas kanals (primaras ejas) izklats ar vienkartas cilindrisku
epiteliju, ta Stnu apikalajos galos ir daudz jauktos mukopolisaharidus saturosu
granulu. Starp dziedzeru grupam ir saméra biezs saistaudu slanis (stroma) ar
daudziem asinsvadiem un nervu skiedram.

Iz8kilsanas diena daivinas iezimgjas labak, saistaudu daudzums starp
tam ir mazaks. Dziedzerepitélijs veido garakas $tnu virknes, tadgjadi veidojot
tubulas.

Sakot ar 7 dienu vecumu, dziedzera daivinu veidojosas tubulas ir
garakas, ar plasakiem limeniem, robezas starp daivinam labak iezimg&jas gludas
musku]Siinas. Daivinu forma kluvusi daudzstiraina. Atseviskas dziedzera
centralo dobumu izklajosajas epitélij$tinas novéro neitralos mukopolisaharidus
saturoSas granulas, pie tam $adu Stnu skaits, novért§jot vizuali, palielinas,
pieaugot putnu vecumam. Savukart Bezuidenhout un Wan Aswegen (1990)
norada, ka epitélijs, kas dal€ji piedalas ar1 daivinas centrala dobuma veido$ana,
ka ar1 izklaj dziedzeru sekundaras un terciaras ejas, mucinu nesatur.

Palielinoties calu vecumam, dziedzera tubulas labak attistitas.
Dziedzera daivinas Skersgriezuma laukumu galvenokart aizpem tubulas
veidojosSais kubiskais dziedzerepitélijs, bet daivinas centralais dobums ar
terciarajam un sekundarajam ejam verojams tas centra.

30 un 60 dienu vecuma starp dziedzera daivinu grupam maz saistaudu,
daudz asinsvadu. Saja vecuma dzilo dziedzeru histologiska uzbiive jau
atgadina pieaugu$a putna dziedzerus (Bezuidenhout, Wan Aswegen,1990).

Dzilo dziedzeru daivinu parenhimas laukuma mérijumi attieciba pret
kop€jo  glotadas Skérsgriezuma laukuma vienibu parada, ka dziedzera
parenhimas (sekretora epitélija) Ipatsvars krasi pieaug starp 38. embrionalas
attistibas dienu un izskil$anas dienu (p<0,05), ka ar starp 3. un 14. dzives dienu
(p<0,05), laika, kad putni uzsak patstavigi un intensivi uznemt baribu. 60 dienu
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vecuma parenhima aiznpem jau 92% no dziedzeru kompleksus veidojoSiem
audiem (5. att.).
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5. att. Parenhimas ipatsvars (%+SEM) kopéja dzilo dziedzeru
laukuma strausu caliem no 38. embrionalas attistibas dienas Iidz
60. dzives dienai
Fig. 5 Proportion of parenchyma (%=SEM) in the overall deep
proventricular glands area for the ostrich chicks from day 38 of
embryonic development to day 60 of life

Glotadas muskulplatnite (lamina muscularis mucosae) dzilo dziedzeru
apvidi ieskauj dziedzeru daivinas. Jaunakiem putniem (38. embrionala,
iz8kilsanas un tre$a diena) gludo muskul$kiedru starp dziedzeru daivipam ir
mazak, bet, pieaugot vecumam, tas bagatigi norobezo katru dzila dziedzera
daivinu.

Muskulapvalks (tunica muscularis) kunga pars glandularis virsgjo
dziedzeru apvidii labi attistits visu veCcuma grupu caliem, tas klist spécigaks,
putniem pieaugot. Muskulapvalks sastav no ieksgjas cirkularas kartas (Stratum
circulare), kas ir spécigaka un vizuali 2-3 reizes biezaka par argjo garenisko
kartu (stratum longitudinale). Dzilo dziedzeru apvida  muskulapvalks ir
planaks.

Serozas (tunica serosa) slanis ir plans, to klaj mezotélijs, zem kura
atrodas irdeno saistaudu slanis ar asinsvadiem un nervu pinumiem.

Kunpga muskuldalas (pars muscularis) glotada 38. embrionalas
attistibas diena dziedzeru (gll. ventriculares) tubulas vaji attistitas, Sauras
izliektas, un uz glotadas virsmas tas atveras pa vienai vai grupa Iidz trim.
Tubulas izklajosais epitélijs zems, Stnu citoplazma distali no kodola pildita ar
vaji krasotam, sikam sekretoram granulam. Dziedzeris secerné mukoidu
sekrétu, kas krasojas vaji eozinofili, koilina slanis virs glotadas virsmas
epitelija samera plans.
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Palielinoties putnu vecumam, dziedzeru tubulas, novertgjot vizuali,
klast garakas, plasakas, bet 60 dienu vecuma atseviskiem Tpatniem glotadas
virspusé jau novérojam seklas bedrites, kuras atveras 3-8 dziedzeru tubulas
katra bedrite. Bedrites klaj prizmatisks vienkartas epit€lijs. Bedrisu virspuse
verojamas deskvamétas $@inas un $tinas ar degenerativam pazimém. Koilina
slana biezums palielinas, pieaugot putna vecumam.

A1l pieauguSiem strausiem kunga pars muscularis glotada novéro
zarotus tubularus dziedzerus, kas iestiepjas glotadas pamatkarta un atveras
glotadas  virspusé platas  kriptas  (bedrit€s) (Bezuidenhout, Wan
Aswegen, 1990).

Virsmas epitélijSinas visam putnu vecuma grupam kunga pars
muscularis glotada parsvara satur neitralos mukopolisaharidus (PAS+), tacu
novéro arl S§iinas, kas satur skabos (AB+) un jauktos (AB/PAS+)
mukopolisaharidus. Interesanti, ka dziedzeru sekréts, kas izdalas no to
limeniem un veido kutikulu, parsvara satur neitralos mukopolisaharidus
(krasojas PAS +), tatu dziedzeros eso$as Stnas satur skabos un jauktos
mukopolisaharidus saturoSas granulas (krasojas AB+, AB/PAS+). Lidziga aina
kunga pars muscularis glotada noverota ari pérlvistam (Selvan, et al., 2008) un

vistam (Pastor et al.,1998).

Virziena uz pylorus atveri lielako Tpatsvaru veido skabos
mukopolisaharidus saturo$as virsmas epitélij§tinas.

Epitelija mukoida sekréta kvalitativaja sastava S$aja apvidd starp
dazadam vecuma grupam biitiskas izmainas netika noverotas.

Tie$i uz parejas starp kungi un divpadsmitpirkstu zarnu glotada veido
barkstinas, kuras klaj vienkartas cilindriskas epitélijsinas — mukociti, kas
bagatigi satur jauktos un neitralos mukopolisaharidus. Glotadas pamatkarta
novietoti izliekti tubulari dziedzeri — piloriskie dziedzeri (gll.pyloricae).

Glotadas pamatkarta (lamina propria mucosae) veidota no irdeniem
saistaudiem, bagatigi satur asinsvadus, nervu elementus un limfvadus. Zem
dziedzeriem novéro slani, kas satur blivos saistaudus, tas ir zemdziedzeru jeb
kompaktais slanis, kas iezim€jas jau 38. embrionalas attistibas diena, bet, sakot
ar otro dzives ned€lu, novérojam tendenci tam klut biezakam. Pylorus regiona
§is slanis nav noveérojams.

Ar1 citam putnu sugam (pasi s€klédajiem) aprakstits zemdziedzeru jeb
kompaktais slanis, ko veido fibrozie saistaudi (Nickel et al, 1992;
Bruveris, 1993). PieauguSam strausam ta biezums var sasniegt pat
1,5 mm (ITopuecky, 2007).

Glotadas muskulplatnite (lamina muscularis mucosae) tie$i piegul
muskulapvalkam, labi attistita visu vecuma grupu putniem, tacu biezaka ta
klast, putniem pieaugot.
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Muskulapvalks (tunica muscularis) loti spécigs, sastav no bieziem
gludas muskulatiras slaniem, kas atdaliti ar planam irdenos saistaudus,
asinsvadus un nervu pinumus saturo$am kartam. Muskulskiedru orientacija
haotiska, tas veido dazadi verstas muskulSkiedru grupas. Muskulapvalks vizuali
biezaks vecako putnu grupam.

Serozu (tunica serosa) veido vienkartas mezot€lij$inas, zem kuram
daudz irdeno saistaudu.

Analizgjot glotadas morfometriskos parametrus, konstatgjam, ka strausu
calu kunga pars glandularis virsgjo dziedzeru dzilums (garums) un pars
glandularis un pars muscularis glotadas slana biezums proporcionali pieaug,
palielinoties putnu vecumam. Kunga pars muscularis glotada praktiski visu
vecuma grupu putniem bija divreiz biezaka neka pars glandularis dala (6. att.).
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6. att. Strausu calu kunga glotadas biezums un gll. proventriculares
superficiales dzilums (=SEM) no 38. embrionalas attistibas dienas lidz 60
dienu vecumam
Fig.6 Thickness of the stomach mucosa and depth of gll. proventriculares
superficiales (:SEM) from day 38 of embryonic development
to day 60 of life

Ari Tlopuecky (2007) norada uz to, ka pieauguSiem strausiem kunga
pars muscularis glotada ir biezaka neka pars glandularis.
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Tievas zarnas histologiskais raksturojums

38. embrionalas attistibas diena tievaja zarna barkstinas ir Tsas, retas,
tas klaj vaji diferencets zems vienkartas cilindrisks epitélijs, Stnu citoplazma
daudz siku eozinofilu granulu, kas ar hematoksilinu un eozinu krasotos
preparatos padara Siinas citoplazmu izteikti sartu, dimakainu. Krasojot ar
AB/PAS, enterocitu citoplazma konstatejam bagatigu daudzumu PAS pozitivu
granulu visas tievas zarnas dalas, kas preparatos, kuri pirms krasos$anas izturgti
amilazes Skiduma (glikogéna diferencésanai no neitraliem
mukopolisaharidiem), bija izzuduSas. A1 ziditajiem (Lev, 1968; Lev,
Weisberg, 1969) un vistu caliem (Moog, Thomas, 1957) embrionalas attistibas
perioda zarnu epitélijStnas konstatéts glikogéns. Caliem ta daudzums sak
samazinaties, sakot ar 18. inkubacijas dienu (Moog, Thomas, 1957).

Glotadas pamatkartu (lamina propria musosae) veido irdenie
saistaudi, asinsvadi, nervu elementi un limfvadi, kas iedodas barkstinas.
Glotadas muskulplatnite vaji iezZim&jas visa tievas zarnas garuma, atseviski tas
elementi iedodas barkstinu stroma.

Zemglotadas slanis (tela submucosa) vaji attistits, satur irdenos
saistaudus, asinsvadus, nervu pinumus.

Muskulapvalks (tunica muscularis) sastav no labak attistita iek$gja
cirkulara slana un vajaka aréja gareniska slana. Giizas zarna muskulapvalks
(ipasi cirkularais slanis) labak attistits, biezaks, salidzinot ar divpadsmitpirkstu
zarnu.

Serozu (tunica serosa) veido vienkartas mezotélijs, zem tas daudz
retikularo audu, skiedru, daudz lielu asinsvadu, nervu pinumu.

Iz3kilSanas diena barkstinas vizuali jau krietni garakas, tacu virziena
no divpadsmitpirkstu zarnas uz giizu zarnu tas vizuali klist Tsakas. Barkstinas
klatas ar vienkartas cilindrisko apmaloto epitéliju, kas vizuali augstaks neka
embrijiem. Enterocitu citoplazma glikogéna granulas izzuduSas, iznemot
atseviSskas gizu zarnas epitelijStnas. TukSaja un giizu zarna novéro seklu
epitelija ieliekSanos starp barkstinam glotadas pamatkarta — kriptu formeésanos.
Glotadas muskulplatnite divpadsmitpirkstu zarna ir vajaka, tacu labak iezimgjas
tukSaja un gizu zarna. Zemglotadas slanis saméra plans visa tievas zarnas
garuma.

3 dienu vecuma barkstinu blivums un garums stipri palielin3jies.
Divpadsmitpirkstu zarna novero kriptu veidoSanos, tacu tuksaja un giizu zarna
jau novérojamas seklas kriptas. Kriptu epitélijs — vienkartas cilindriskais, ar
bazali novietotiem lieliem ovaliem S§tnu kodoliem. Visos tievas zarnas
segmentos novero labi attistitu glotadas muskulplatniti. TukSaja un giizu zarna
muskulapvalka cirkularais slanis vizuali biezaks neka divpadsmitpirkstu zarna,
veido izteiktus cirkularus uzbiezinajumus — krokas.
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7. dzives diena starp barkstinam, glotadas pamatkarta novero kriptas
visos tievas zarnas segmentos, tomér tukSaja un giizu zarna to ir vairak un tas
vizuali ir dzilakas neka divpadsmitpirkstu zarna. ArT Wang un Peng (2008)
konstat&jusi, ka visdzilakas kriptas 1. un 45. dzives diena strausu caliem ir tiesi
giizu zarna, bet 334 dienu vecuma — tukSaja zarna. Savukart vistu caliem
pirmajas divpadsmit dzives dienas visdzilakas kriptas noverojamas tiesi
divpadsmitpirkstu zarna, bet gizu zarna tas ir visseklakas (Uni et al.,1999).

14 dienu vecuma divpadsmitpirkstu zarna barkstinas loti blivi
izkartotas, zarnas lumena garengriezuma to izkartojums atgadina it ka
»Zig-zag” rakstu. Divpadsmitpirkstu zarnas un tuk$as zarnas griezumu
atsevikos regionos barkstinas platas, bagatigi infiltrétas ar limfoidajam $Gnam,
pat sapludusas. Glotadas pamatkarta labi attistita, taja daudz kriptu.
Muskulapvalks divpadsmitpirkstu zarna plans, tas labak attistits giizu zarna.

30 un 60 dienu vecuma aina lidziga ka 14 dienu veciem putniem,
tikai barkstinas garakas, to epitélijs divpadsmitpirkstu zarna vietam izkartots
vilnveidigi. Pie barkstinu pamatnes periodiski novéro saméra plasus asinsvadu
pinumus, kas iedodas barkstinu stroma. Glotadas muskulplatnite labi attistita
visa tievas zarnas garuma. Muskulapvalks divpadsmitpirkstu zarna ir plans,
visspeécigak tas attistits gliZzu zarna.

Bagatiga limfoido $tnu infiltracija novérojama, sakot ar septito dienu,
glizu zarnas barkstinu saistaudos un glotadas pamatkarta ari limfoido Stnu
sakopojumu veida. Vecakiem putniem limfoidas Siinas bagatigi infiltré tievas
zarnas glotadu visas tievas zarnas dalas, bet pasi izteikti divpadsmitpirkstu
zarnas glotada. Lidzigus nov€rojumus ieguvu$i ari Bezuidenhout un Wan
Aswegen (1990). Vini, aprakstot strausu kunga un zarnu histologisko uzbivi,
uzsver, ka visbagatigaka limfoido S$tnu infiltracija strausiem noverojama
divpadsmitpirkstu zarnas glotada.

Bagatiga limfoido audu infiltracija tievas zarnas glotadas pamatkarta

un aklaja zarna (Randall, Reece, 1996; King et al., 2000).

Domajams, ka izteiktakas limfoido audu infiltracijas paradisanas laiks
(starp 3. un 7. dienu) tievas zarnas glotada saistams ar €dinaSanas uzsaksanu
$aja perioda un vienlaicigu antigénu uznemsanu, ka ar1 zarnu glotadas kontaktu
ar tiem.

Veicot tievas zarnas barkstinu mérijjumus, konstatéjam, ka visgarakas
barkstinas jau embrionalas attistibas laika novérojamas divpadsmitpirkstu
zarna, visisakas — giizu zarna. Jaatzimé, ka barkstinu garuma atskiriba starp
tuk$o un giizu zarnu pie attiecigd novérojumu skaita nebija biitiska. Sada
barkstinu garuma proporcija saglabajas arT pargjo vecuma grupu caliem Iidz pat
60 dienu vecumam.
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Tievas zarnas barkstinu garuma un platuma mérijumi atspoguloti 7. un
8. attela.
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7. att. Strausu calu tievas zarnas barkstinu garums (um=SEM) no
38. embrionalas attistibas dienas Iidz 60 dienu vecumam
Fig 7. Villi length of the small intestine (um+SEM) of the ostrich chicks
from day 38 of embryonic development to the age of 60 days

Lidzigu tendenci savos pétijumos noverojusi art Wang un Peng
(2008). Vini konstat&jusi, ka diennakti veciem strausu caliem visgarakas
barkstinas ir tie$i glizu zarna, tacu jau 45 dienu vecuma un ari vecakiem strausu
caliem garakas barkstinas konstatétas divpadsmitpirkstu zarna, pie tam 11
meénesus veciem strausiem to garums 2,3 reizes parsniedz barkstinu garumu
gliZzu zarna, bet ITopuecky (2007) iegitie rezultati liecina, ka divpadsmitpirkstu
zarna barkstinu garums picauguSiem strausiem pat 6 reizes garaks neka giizu
zarna.

Pieaugot calu vecumam, pakapeniski palielinas barkstinu izmeri visas
tievas zarnas dalas (7. un 8. att). Jaatzimé, ka 60 dienu vecuma
divpadsmitpirkstu zarnas barkstinas, salidzinot ar tukSo un giZu zarnu, ir
visgarakas un platakas. GGzu zarna barkstipu platums un garums ir batiski
mazaks (p<0,05).
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Fig. 8 Villi width of the small intestine (um+SEM) of the ostrich chicks
from day 38 of embryonic development to the age of 60 days

Tuksas zarnas barkstinu garums saméra proporcionali pieaug visu
noveéroto perinatalas ontogenézes periodu, tacu platumam ir tendence nedaudz

samazinaties starp 30. un 60. dzives dienu (7. un 8. att.).

Kausveida $0nu skaitam tievas zarnas glotada uz 1 mm? zarnu

barkstinas mediana $k&rsgriezuma laukuma ir tendence samazinaties, pieaugot
putnu vecumam, tacu nov€rojamas svarstibas $tinu skaita atkariba no zarnas
dalas (9. att.).

38. embrionalas attistibas diena vislielakais kausveida $tinu skaits
konstatéts tuksaja zarna, bet vismazakais divpadsmitpirkstu zarna. Turpmakaja
attistiba lidz 7 dienu vecumam kausveida §tnu skaits divpadsmitpirkstu zarna ir
mainigs, bet, sakot ar 7.dzives dienu, to skaits saméra strauji samazinas
(p<0,01).

Lidziga tendence vérojama arT kausveida $tinu skaitam tuksaja zarna,
kur lidz 30 dienu vecumam konstatg§jam samera vienmeérigu Stnu skaita
samazinasanos, savukart otraja dzives menesi kausveida Stnu skaitam
tendence nedaudz palielinaties (9. att.).
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9. att. Kausveida Siinu skaits (:<SEM) mm? tievas zarnas barkstinas
mediina §kérsgriezuma laukuma strausu caliem no 38. embrionalas
attistibas dienas Iidz 60 dienu vecumam
Fig. 9. Number of the goblet cells (:SEM) mm? in the mucosa of the small
intestine of the cross-section area median of a villus in the ostrich chicks
from day 38 of embryonic development to day 60 of life

Guzu zarna kausveida Stnu skaitam tendence samazinaties nO
38. embrionalas attistibas dienas lidz pat 14. dzives dienai, bet turpmakaja
perioda tam tendence palielinaties, lidz 60 dienu vecuma S§inu skaits uz
vienu mm® giZu zarnas barkstinas mediana $kérsgriezuma laukuma ir
vislielakais, salidzinot ar citam tievas zarnas dalJam (9.att.).

ArT Wang un Peng (2008) konstatgjusi, ka 45 dienas veciem strausu
caliem vislielakais kausveida §tinu skaits ir tie$i glizu zarna, bet vismazakais
divpadsmitpirkstu zarna, savukart izskilSanas diena vislielakais §tnu skaits uz
vienu laukuma vienibu konstatéts tukSaja zarna.

Analizgjot kausveida Stnu kvalitativo sastavu, konstatgjam, ka visas
tievas zarnas dalas lielako Tpatsvaru veido skabos (AB+) un jauktos (AB/PAS+)
mukopolisaharidus saturosas kausveida $iinas, bet visu vecumu strausu caliem
neitralos mukopolisaharidus saturo$o $tnu skaits ir butiski mazaks visos tievas
zarnas segmentos (p<0,05).

Diemzel trikst datu no lidzigiem pétjjumiem par kausveida S$unu
kvalitativo sastavu strausu calu zarnu glotada, tacu Uni et al. (2003) pétijumos
par zarnu glotadas attistibu broileru caliem konstatgjusi, ka kausveida Siinas
embrionalas attistibas laika caliem satur tikai skabos mukopolisaharidus, tacu
no izskilSanas lidz 7. dzives dienai skaboS un neitralos mukopolisaharidus

saturo$o Stinu skaits ir proporcionals.
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Gastrina, somatostatina un VIP imunoreaktivo §iinu izplatiba strausu calu
kunga un tievas zarnas glotada no 38. embrionalas attistibas dienas
Iidz 60 dienu vecumam

Uz gastrina antivielam pozitivas Stnas (imunoreaktivas stinas) visu
vecumu caliem, rundjot par kunga glotadu, konstatgjam tikai pylorus dala, kur
tas saméra liela skaita lokalizéjas piloriskajos dziedzeros (gll. pyloricae).
Pozitivas $iinas, kaut ari daudz mazaka skaita neka pylorus glotada, tika
konstatétas ari visos tievas zarnas segmentos — divpadsmitpirkstu, tuksaja un
gliZu zarna visu vecumu strausu caliem.

Analiz€jot uz gastrinu pozitivo Sinu skaita izmainas no
38. embrionalas attistibas dienas lidz 30 dienu vecumam, konstatgjam, ka ir
vérojama tendence pieaugt $tnu skaitam pylorus glotadas S$kérsgriezuma
laukuma, bet 60 dienu vecuma §tnu skaits jau batiski pieaudzis, salidzinot ar
jaunako vecuma grupu putniem, un vidgji sastada 494+111,0 §anas uz mm®
glotadas laukuma (p<0,01).

Zinams, ka vistu embrijiem gastrina imunoreaktivas Stinas pylorus
glotada paradas vienas no pirmajam — jau 12. embrionalas attistibas diena, bet
divas dienas vélak tas konstatétas ari tievas zarnas glotada (Alison, 1989;
Askoy, Cinar, 2009).

Salidzinot gastrina imunoreaktivo §iinu skaitu tievas zarnas glotada
starp atseviSskam tas dalam, konstat€jam, ka visu vecuma grupu putniem $inu
skaitam ir tendence samazinaties virziena no divpadsmitpirkstu zarnas uz gazu
zarnu. Visas vecuma grupas (iznemot 30. dienu) konstatgjam butiski mazaku
gastrina imunoreaktivo §tnu skaitu giZzu zarnas glotada, salidzinot ar
divpadsmitpirkstu zarnu (p<0,01-0,05).

Bezuidenhout un Wan Aswegen (1990) gastrina imunoreaktivas $tinas
konstatgjusi analogiskas vietas kungi un zarnas (pylorus, duodenum). Lielakais
Stunu daudzums konstatéts divpadsmitpirkstu zarnas glotada, savukart miisu
pétfjumi lielako gastrina imunoreaktivo $anu skaitu uzrada kunga pylorus dala.
Misu rezultatiem lidzigi dati par $o $tnu izplatibu ir ieghti arT p&tfjumos ar
citam putnu sugam (Rawdon, 1984; Alison, 1989; Yamanka et al.,1989; Alison,
1990; Askoy, Cinar,2009).

Somatostatina imunoreaktivas Siinas vislielakaja skaita tika
konstatétas kunga pylorus dala - gll. pyloricae. Mazaka skaita §is S$inas
konstatétas kunga pars glandularis dzilajos dziedzeros — gll. proventriculares
profundae. Atseviskas somatostatina imunoreaktivas $tinas visu eksperimenta
ieklauto vecuma grupu putniem atrastas ari kunga pars glandularis un pars
muscularis virsmas epitélija — attiecigi gll. proventriculares superficiales un
gll. ventriculares. Saméra neliels §inu skaits konstatts arT visos tievas zarnas
segmentos visas vecuma grupas.
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Apskatot kunga pars muscularis glotadu lidzigi gastrina
imunoreaktivajam $0nam ari somatostatina imunoreaktivas $iinas visblivak
izvietotas tie$i pylorus dala — piloriskajos dziedzeros, tacu tas tomér izkliedétas
vienmerigak un mazak blivi ka gastrina imunoreaktivas $tinas.

Novertgjot somatostatina imunoreaktivo Stinu skaita izmainas atkariba
no putna vecuma kunga pylorus dalas glotada, konstatéjam tendenci §tnu
skaitam palielinaties, pieaugot putna vecumam, bet kupga pars glandularis
glotada esoSo dzilo dziedzeru zona, noverojam bitisku somatostatina
imunoreaktivo $ainu skaita pieaugumu no 3. Iidz 7. dzives dienai (P<0,05).

Salidzinot $tnu skaitu atseviskos kunga glotadas apvidos, konstatjam,
ka wvisam strausu cdlu vecuma grupam bitiski lielaks somatostatina
imunoreaktivo §tnu skaits ir pylorus glotada (p<0,001).

Salidzinot somatostatina imunoreaktivo S$iinu skaitu tievas zarnas
dalas, konstatéjam, ka divpadsmitpirkstu zarnas glotada pozitivo $iinu skaits
butiski lielaks neka tuk$as un giizu zarnas glotada 38. embrionalas attistibas
diena un 3 dienu vecuma (p<0,05), ari paréjo vecuma grupu putniem
novérojama lidziga tendence.

Bezuidenhout un Wan Aswegen (1990) pieaugu$a strausa kungi un
zarnas somatostatina imunoreaktivas $iinas konstatgjusi analogas vietas, pie tam
vislielaka $tinu koncentracija bijusi kunga pars glandularis un pylorus dala, ka
arT divpadsmitpirkstu zarna, bet mazak §tinu konstatéts tuk$aja un giizu zarna.

Vistu embrijiem pirmas somatostatina imunoreaktivas Siinas paradas
aizkunga dziedzera salinas — 10. inkubacijas diena (Yamaguchi et al., 1987),
velak — 12. diena pylorus dala, bet ar 12.-14. dienu tievas zarnas glotada
(Uselini et al, 1983; Alison, 1989; Yamanaka et al.,1989;
Rawdon, Andrew, 1999).

Vazoaktiva intestinala polipeptida (VIP) imunoreaktivas Sinas un
parliecinoSas pozitivas struktiiras kunga un tievas zarnas zemglotadas nervu
pinumos neatradam nevienam no izmekl&tajiem putniem.

Savukart vistam VIP konstat€ts jau no 19. embrionalas attistibas
dienas visas tievas zarnas dalas (Rawdon, Andrew, 1999), ka arT zemglotadas
nervu pinumos kunga pars glandularis, tievaja un resnaja zarna
(Vailant et al., 1980).

Kunga un divpadsmitpirkstu zarnas intralumenalais pH un ta izmainas
strausu caliem no 38. embrionalas attistibas dienas
Iidz 60 dienu vecumam

Visu pétijuma ieklauto vecuma grupu putniem kunga vides pH visos
izmekl&tajos apvidos bija robezas no 4,56 Iidz 1,85. JaatzZimg, ka viszemakie
pH raditaji tika novéroti kunga pars glandularis dzilo dziedzeru apvida.
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Bitisku kunga vides pH pazeminasanos kunga pars glandularis novérojam jau
iz8kilganas diena (p<0,05). Ari turpmakajos vecuma posmos pH raditajiem bija
veérojama tendence pazeminaties, pieaugot putnu vecumam, visos izmekletajos
kunga apvidos (10. att.).
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10. att. Strausu calu kunga un divpadsmitpirkstu zarnas intralumenala pH
(SEM) izmainas no 38. embrionalas attistibas dienas lidz
60 dienu vecumam
Fig. 10 Changes of the intralumenal pH (SEM) in the stomach and
duodenum of the Ostrich chicks from day 38 of the embryonic
development to the age of 60 days

Salidzinot pH raditajus starp atseviskiem kunga apvidiem,
konstatgjam, ka butiski zemaki pH raditaji ir kunga pars glandularis, salidzinot
ar pars muscularis, visu vecuma grupu putniem (p<0,01), savukart starp kunga
pars glandularis dzilo dziedzeru zonu un ieeju bitiskas atSkiribas pH vertibas
netika konstatétas. Arl Swart (1993) konstatgjis, ka strausu kunga pars
muscularis dala pH raditaji ir augstaki neka pars glandularis. Autors secina, ka
tas liecina par nepilnigu baribas masu sajauk$anos starp abam kunga dalam, un
norada, ka, iesp€jams, strausiem baribas fermentacija sakas jau kupga pars
glandularis atskiriba no citiem majputniem, kuriem bariba kunga pars
glandularis praktiski neuzkav&jas (Sturkie, 1976).

Konstatgjam vid&ji cieSu negativu korelaciju starp putna vecumu un
kunga intralumenalo pH (r = - 0,63; p<0,01), kas norada, ka, pieaugot putna
vecumam, kunga sekrécija pastiprinas, tadgjadi pazeminot pH raditajus.

Visos novérotajos vecuma posmos péc izskilsanas divpadsmitpirkstu
zarnas vides reakcija bija vaji skaba un, palielinoties putna vecumam,
nenovérojam biitiskas pH veértibas izmainas.
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SECINAJUMI

1. Pirmaja dzives nedgla strausu calu kermena masai ir tendence samazinaties,
butiska tas palielinaSanas noveérojama, sakot ar septinu dienu vecumu (p<0,05).
Visstraujakais kermena masas pieaugums verojams otraja dzives ménesl
(p<0,01). Straujaka dzeltenuma maisa masas redukcija notiek starp
38. embrionalas attistibas dienu un septito dzives dienu (p<0,01), tas pilniba
izziid no 14 Iidz 30 dienu vecumam.

2. Strausu calu kunga un zarnu relativa masa butiski palielinas no tris dienu
vecuma, sasniedzot maksimumu 30 dienu vecuma (p<0,001), otraja dzives
ménesi ta butiski samazinas (p<0,05).

3. Kunpga pars glandularis masas un izm@ru straujaka palielinasanas
novérojama visa pétitaja ontogenézes perioda, sakot ar tris dienu vecumu.
Pieaugot vecumam, kunga pars glandularis dzilo dziedzeru apvidus relativais
laukums samazinas (p<0,01). Kunga glotadas biezums strausu caliem visas
pétitajas vecuma grupas pieaug proporcionali abas kunga dalas, bet pars
muscularis dala tas ir divas reizes lielaks neka pars glandularis.

4. Tievas zarnas relativajam garumam tendence samazinaties, pieaugot calu
vecumam, un novérotaja ontogenézes perioda tas veido no 33,8 lidz 43,4% no
kopgja zarnu garuma.

5. Zarnu barkstinu garums biitiski (p<0,001) pieaug pirmaja un otraja dzives
ménesi visas tievas zarnas dalas, divpadsmitpirkstu zarnas glotada visu vecuma
grupu putniem tas ir buatiski garakas neka giZzu zarna (p<0,001). Kriptu
formésanos tievaja zarna izSkilSanas diena novéro tuk$as un giiZzu zarnas
glotada, bet no tresas dzives dienas arT divpadsmitpirkstu zarna.

6. Kunga pars glandularis glotadas dzilo dziedzeru sekretora epitélija ipatsvars
batiski palielinas starp 38. embrionalas attistibas dienu un izskilSanas dienu
(p<0,05), ka arT 3. un 14. dzives dienu (p<0,05), bet vecakiem caliem tas
butiski nemainas, 30 dienu vecuma $o dziedzeru histologiska uzbtve jau
atgadina pieaugusu strausu dziedzerus.

7. Kunga pars glandularis un pars muscularis glotadas virséjo dziedzeru
(gll. proventriculares superficiales un gll. ventriculares) epitélijstnas satur
neitralos, skabos un jauktos mukopolisaharidus, savukart kunga pylorus apvida
visu vecumu caliem doming skabie mukopolisaharidi.

8. Kausveida $tinu skaitam tievas zarnas glotadas laukuma vieniba ir tendence
samazinaties, pieaugot calu vecumam. Lielako Tpatsvaru visu vecumu strausu
caliem veido skabos un jauktos mukopolisaharidus saturosas Sinas visas tievas
zarnas dalas (p<0,001).
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9. Gastrina imunoreaktivas $tinas strausu caliem no 38. embrionalas attistibas
dienas 1idz 60. dzives dienai novérojamas tikai kunga pylorus apvida, savukart
somatostatina imunoreaktivas $tinas noverojamas pars glandularis, pars
muscularis un pylorus glotada. Gastrina un somatostatina imunoreaktivo §tnu
skaitam kunga glotada ir tendence palielinaties, picaugot calu vecumam.
Gastrina un somatostatina imunoreaktivas §linas ir noverojamas visas tievas
zarnas dalas, tacu divpadsmitpirkstu zarna to skaits ir butiski lielaks. VIP
imunoreaktivas §tinas strausu caliem netika konstatétas.

10. Skaba vides reakcija kunga limena norada uz salsskabes sekréciju kunga
pars glandularis dzilajos dziedzeros jau 38. embrionalas attistibas diena, ta
pastiprinas, sakot ar iz§kilsanas dienu. Visu vecumu strausu caliem kunga pars
glandularis dala pH limenis ir batiski zemaks neka pars muscularis (p<0,001).
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INTRODUCTION

Ostrich farming, a relatively new branch of poultry farming industry in
Europe, due to the rapidly increasing demand for low-fat and low-cholesterol
meat products currently undergoes a period of swift development. In Latvia, the
same as in other European countries, ostrich farming as an industry finds itself
just on the initial steps of development therefore it is in need of scientific data
facilitating understanding of the problematic issues of rearing the ostrich chicks
and enhancing commercial efficiency of the ostrich production. In Latvia, it is
especially important because the initial survey data of the ostrich production
farms demonstrate that only 50% of all chicks ever reach the age of four
months. High mortality of chicks has been observed also in other farms
throughout the EU.

To create a pool of background knowledge required for further
scientific research on the subject, the organ systems and apparatuses at different
periods of ontogenesis need a detailed study.

There are relatively few data available on the digestive apparatus of
the ostrich chicks indicating insufficient research of the anatomy and
physiology of the ostrich chicks.

The intestine anatomy of the African ostrich (Struthio camelus var.
domesticus) is characterized by a number of essential intrinsic properties
related to the climatic conditions of their natural distribution area (desert) and
relatively high fibre content in feed (Sales, 2006). In comparison with other
species of birds, ratites are characterized by well-developed proventriculus
(pars glandularis) for adult African ostriches exceeding the ventriculus (pars
muscularis) 2 to 2.5 times (ITopuecky, 2007). In ratites, there is a hydrochloric
acid and pepsin producing deep proventricular glands (gll. proventriculares
profundi) part in the mucous membrane of the stomach glandular part (pars
glandularis) and a superficial proventricular glands region (gll. proventriculares
superficiales) producing a secretion containing mucopolysaccharides (Cho et
al.,1984; Bezuidenhout, Wan Aswegen, 1990; Catroxo et al., 1997; Ilopuecky,
2007). In relation to the total area of the mucous membrane of the stomach, the
region of the deep proventricular glands of the ostrich in comparison with other
ratites is relatively the smallest (Cho et al., 1984; Cooper, Mahroze, 2004).

Ratites are characterized by a highly developed large intestine taking
up the largest part of the gastrointestinal tract in adult ostrich (Mc Lelland,
1989; Bezuidenhout, Wan Aswegen, 1990; Fowler, 1991; Bezuidenhout, 1993;
Clench, Mathias, 1995; ITopuecky, 2007).

The histological structure of the mucosa of stomach and intestines of
hens and chicks of Gallus domesticus has been studied in great detail already in
the middle of the last century, however in case of the ostrich, especially in this
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aspect, the research information is quite scarce. Several authors (Bezuidenhout,
Wan Aswegen, 1990; Illanes et al., 2006; Wang et al., 2007) have described the
histological structure of the stomach mucosa in adult ostriches, however
detailed scientific data on the development of the stomach and intestines at the
starting phase of ontogenesis are lacking.

Aim and objectives of the study

The aim of the study was examination of the macro- and
micromorphological structure of the stomach and small intestine of the ostrich
chicks and changes of some separate functional parameters in the period
between the day 38 of embryonic development and 2 months of age.

Objectives of the study:

1.

Establish morphometric parameters of the stomach parts and the small
intestine of ostrich chicks as well as their interaction over the
ontogenesis period studied:;

Perform microscopic investigation of structural alterations taking place
in the wall of stomach and small intestine;

Examine intralumenal pH of the stomach and duodenum and changes
in mucoid secretion produced in the stomach and the canal of the small
intestine;

Establish distribution of gastrin, somatostatin and vasoactive intestinal
polypeptide immunoreactive cells in the mucosa of the stomach and
the small intestine.

Scientific novelty of the study

The first study of early ontogenesis morphometric parameters of the
African ostrich reared in Latvia;

The first in-depth histological study of the stomach and intestinal wall
over early stages of ontogenesis of the ostrich;

Analysis of the amount and distribution of the cells secreting mucoid
secretion found in the gastrointestinal tract, as well as the quality
composition of the secretion by types of mucopolysaccharides;

The first in Latvia intralumenal pH-metry of the stomach and
intestines and immunohistochemical examination of the African
ostrich embryos and chicks.
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Approbation of research results
The research results are approbated in the following scientific conferences:

1. LUA FVM International Scientific Conference ,,Animals. Health. Food
Hygiene.” Jelgava, 29 October, 2010. The perinatal period morpho-metric
parameters of the small and large intestine of the ostrich (Struthio camelus
var. domesticus).

2. 61% Annual Meeting of the European Associacion for Animal Production,
Greece, Crete, 23-27 August, 2010. Characterization of gastric
intralumenal pH and development of the proventricular deep glands during
perinatal period in ostrich.

3. 28™ Congress of the European Association of Veterinary Anatomists,
France, Paris, 28-31 July, 2010. Distribution of the gastrin and somatostatin
immunoreactive cells in the stomach of the ostrich during early ontogeny
(perinatal period).

4. 16" International Scientific Conference “Research for Rural Development”,
Latvia, Jelgava, 19-21 May, 2010. Perinatal ontogenesis of gastric mucosa
in the ostrich (Struthio camelus var. domesticus).

5. LUA FVM International Scientific Conference ,,Animals. Health. Food
Hygiene.” Jelgava, 14 November, 2010. Morpho-metric and mass-metric
parameters of the yolk sack and stomach of the ostrich (Struthio camelus
var. domesticus) in early postnatal ontogenesis.

6. 14™ World Ostrich Congress. Latvia, Riga, 19-20 October, 2007.
Morphological characterization of the stomach in postnatal ontogenesis of
the African ostrich (Struthio camelus).

Volume of the research: the doctoral thesis contains 113 pages consisting of
the following parts: abstract, introduction, survey of scientific sources,
methods, results, discussion, references and annex.
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MATERIALS AND METHODS

Obiject of research

In the research, 42 ostrich specimens of both sexes raised on the farm
Ozolini AB (Jekabpils district) Latvia were made use of, including six embryos
obtained on the 38th incubation day and 36 chicks of age 1, 3, 7, 14, 30 and 60
days, distributed in groups of 6 birds in each group. Ostrich eggs were obtained
over the period of May-July 2008 and incubated in the incubator Euro
Elektronik KL-72S of the above holding.

On day 39 of incubation, the eggs were placed into the hatching
chamber Euro Elektronik KK-24S, where chicks were kept also over the first 3
days of life. Starting with day 4, the chicks were placed in a heated box with
the sand bedding and at this age they started to receive the commercial ostrich
chick feed Strus Premium - Strus 1. Feed and water were supplied ad libidum.

Before euthanasia, the birds of age groups in question (7, 14, 30 and
60 days) were taken off feed for 12 hours. After that chicks were anaesthetised
and then euthanized. Following euthanasia, each carcass was weighted on
electronic scales Kern 442-512N (+1g) and subjected to necropsy for further
examination.

Postmortem examination of the digestive tract

To minimize pH value changes in postmortem period, the opening of
the body cavity was followed by intralumenal pH-metry in 3 replications with
pH meter OAKTON® (£0.055) of the stomach glandular part [s.proventriculus]
(pars glandularis) at both the entrance of oesophagus and in the area of deep
proventricular glands, as well as in the lumen of the stomach muscular part
[s.ventriculus] (pars muscularis) and the descending loop of duodenum.

Macroscopic examination

Prior to massometric and macromorphometric analysis, the digestive
tract was divided into the following segments: the stomach (proventriculus and
ventriculus); the small intestine (duodenum, jejunum and ileum); the large
intestine (caecum and colon).

The relative weight for each section of the intestines separately was
established using scales Kern EW 420-3 NM (+0.01g) and the weight of the
stomach, the small intestine as well as the total weight of intestines were
calculated. Before weighing, the contents of digestive organs were not
removed.
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Morphometrically, the length of the arc (mm), the total area of mucosa
(mm?) and area of the deep proventricular glands zone were determined for
glandular part, but diameter — for muscular part of the stomach.

Analysing morphometric parameters of the intestine, the length of
separate segments of the small intestine was established: for duodenum from
ostium pyloricoduodenale to fexura duodenojejunalis; for jejunum from fexura
duodenojejunalis to the apex level of caecum, for ileum from the apex level of
caecum to ostium ileocecale. The total length of the intestine was determined
from ostium pyloricoduodenale to cloacal extension, including both caecum
and colon. For measuring the organs and segments thereof, the tape measure
(+¥1mm) was used, while for diameter measurement of pars muscularis the
digital slide gauge Limit-2000 (+0.01mm) was made use of.

The relative weight of the intestines was calculated by relating the length
of each concrete segment to the total length of digestive tract. The mucosa area
of the stomach (+0.lcm?) was determined with the electronic
planimeter Sokkia KP-90N.

Microscopic examination

Histological samples of tissue (0.5-1x1cm) were taken from 7 areas of
the stomach and the small intestine: the deep and superficial gland areas of the
proventriculus, side wall area and the pylorus area of ventriculus, as well as the
medium sections of the duodenum, jejunum and ileum. Before placing in
fixative solution, the lumen content of each sample was flushed out from the
mucosa wit a warm 0.9% NaCl solution. Subsequently, the samples were fixed
in 10% neutral formalin at room temperature for 48 hours and then dehydrated
in the tissue processor (TISSUE-TEK I1) and embedded in to paraffin blocks
according to a standardized histological preparation procedure of tissue
(Carson, 1997; Kiernan, 2008). Totally, 294 tissue samples were fixed and
embedded in to paraffin.

Of each tissue sample, 8 sections of 4-5 um thick (microtome SLEE
CUT 5062) were taken, floated on slides and dried for 24h at a temperature of
38°C thus preparing them for further histological processing.

For overall histological assessment the tissue samples were
deparaffinized, hydrated and stained with haematoxylin and eosin stain
complying the standard methods (Carson, 1997).

For identification of epithelial mucosubstances the following
hystochemical reactions were applied: periodic acid-Schiff test (PAS) for
identification of the neutral mucopolysaccharides; alcian blue at pH 2.5 (AB)
for identification of the acid mucopolysaccharides and alcian blue at pH 2.5-
periodic acid-Schiff test (AB/PAS) for determination of the mixed
mucopolysaccharides (Carson, 1997; Kiernan, 2008). Additional sections of the

41



tissue samples, obtained from embryos and 1 to 3 days old ostrich chicks before
staining with PAS and AB/PAS tests, were held in 1% amylase solution at
room temperature for 30 minutes in order to differentiate the potential
intracellular glycogen from the neutral mucopolysaccharides (Luna L., Luna
D., 1992; Tyler, 1994; Carson, 1997).

For identification of immunoreactive cells of gastrin, somatostatin
and vasoactive intestinal polypeptide (VIP) the tissue sections were floated
on polysiloxan-coated slides (Histo Bond®™) and afterwards dried for 12 hours at
a temperature of 44°C. For cell identification, the labelled streptavidin-biotin
method (LSAB+, Dako) was used (Carson, 1997; Boenisch et al., 2001).
Polyclonal concentrated antibodies were used as primary antibodies (Tab. 1).
To conclude the immunohistochemical reaction, a chromogen system (Liquid
DAB + Substrate Chromogen system, Dako, K3468) was applied for
visualisation of the antibodyantigene complex, while the cell nuclei were
counterstained with Harris haematoxylin.

Identical tissue samples were used for the negative control, which
were subjected to immunohistochemical procedure using antibody diluter
instead of the primary antibodies (Dako, S3002). Histological sections of the
pylorus area from a dog stomach were used as a positive control for checking
immunoreactivity of gastrin antibodies, while for checking immunoreactivity of
somatostatin antibodies and VIP, histological sections from a dog pancreas and
duodenum were used respectively (Erlandsen et al., 1976; Parsons et al., 1976;
Alumets et al., 1977).

Histological assessment of the stomach wall. The overall
histological structure of the wall of proventriculus (pars glandularis) and
ventriculus (pars muscularis) in the respective areas was assessed.
Measurements were carried out in respect of the mucosa thickness for both
parts of the stomach (um), length (depth) of superficial proventricular glands of
proventriculus (um), parenchymal area of the deep proventricular glands (um?),
as well as the subglandular (compact) layer thickness of ventriculus. Thickness
of the mucosa was measured at 30 locations for every sample (5 fields of
vision, 6 measurements in each). Depth (length) of superficial glands was
measured for 30 correctly oriented glands in each sample. The parenchymal
area of the deep proventricular glands was measured in 5 fields of vision of
each sample and related to the overall area of the mucosa in the respective field
of vision. Of all measurements mean parameters were obtained for every
individual.

The quality composition of epithelial mucopolysaccharides as well as
their layout in the membrane in different regions of the stomach was evaluated
by examining the whole preparation and assessing the proportion of respective
type of polysaccharides in each area of the stomach for each individual.

42



The number of immunoreactive cells of gastrin, somatostatin and VIP
in mucosa of the stomach was determined in 10 fields of vision with 400 times
magnification in each area and for each individual. The total area of mucosa of
the field of vision and the number of positive cells in it was also established.
The number of cells was recalculated as on 1mm? of the mucous membrane
area.

Histological assessment of the small intestinal wall. The overall
histological structure of separate segments of the small intestinal wall was
assessed. For more detailed evaluation of the mucosa, the following
measurements were carried out (um): length and width of the intestinal villi, as
well as its longitudinal section area (um®). Measurements were performed of 10
villi in each area of the small intestine for each individual.

By making use of the histochemical reactions, the differentiation of
the goblet cells by the quantitative composition of mucopolysaccharides was
carried out into cells containing acid (AB+), neutral (PAS+) and mixed
(AB/PAS+) mucopolysaccharides. The number of the goblet cells was
determined in 10 villus of each preparation, each segment of the small intestine
and for each individual. The number of the obtained cells was calculated per
1mm? of the median longitudinal section of the villus.

The number immunoreactive cells of gastrin, somatostatin and VIP in
the mucosa of the small intestine was determined in 10 fields of vision, with
400 x magnification, in each segment and for every individual. The number of
cells recalculated as per 1mm? of the mucous membrane area.

Altogether 2166 sections of histological preparations were assessed.
Histological evaluation was carried out with light microscopy method using a
multi-functional microscope Leica DM500B. Processing of the microscopic
image, photographing and measuring was performed with camera Leica DFC
490 and software Pro Plus 6.1.

Statistical processing of data

The data obtained in the study were statistically processed by SPSS
11.5 software programme. Mean arithmetic value and the standard error (SEM)
were calculated for each parameter. To compare the mean parameters among
age groups, the multifactor dispersion analysis ANOVA was applied for
comparison of the mean values for several unrelated samples, as well as the T-
test for comparison of related samples (within the same age group). Pearson
correlation test was applied for determination of the correlation among
parameters (Arhipova et al., 2003).
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RESULTS AND DISCUSSION OF THE STUDY

Macroscopic structure of the stomach and small intestine of the ostrich
chicks from day 38 of embryonic development to the age of 60 days

Body, yolk sack, stomach and intestine weight

The body weight, as well as the massometric parameters of the yolk
sack and stomach are reflected in Table 2.

From day 30 of the embryonic development until the age of 3 days the
body weight of chicks did not significantly change and up to the age of 7 days
it even had a tendency to reduce, however in the second week after hatching the
body weight started to increase so that by the age of 30 days it had almost
doubled (p<0.01), while on day 60 of life it had increased already five times in
comparison with the day of hatching (p<0.001). The most rapid increase in
body weight (120 g/per 24 hours) was observed over the second month of life
— between day 30 and 60, while from day 1 to day 30 it grew on average by
only 32 g per 24 hours.

The body weight loss in chicks between day 3 and day 7 of life can be
explained by the rapid reduction of the yolk sack starting with day 3,
furthermore, the chicks started consuming a biological complete feed only on
day 4 — 5 after hatching. A similar opinion is expressed by Deeming et al.,
(1993) who point to a rapid loss of the body weight over the first 5 days of life
mainly due to quick absorption of the yolk sack. Degen et al. (1991) has found
out that in healthy ostrich chicks the body weight goes down even up to day 6
of life, however already on day 7 a small live-weight increase is observed.

From day 38 of embryonic development to the day of hatching the
yolk sack weight rapidly decreased (p<0.05), (Table 2, Fig. 1), between days 1-
3 of life its reduction slowed down followed by a rapid decrease starting from
day 3. At the age of 7 days, the yolk sack in comparison with the day of
hatching, had already lost 46 % (p<0.05) of its weight but at the age of 14 days
— even more than 95% of its weight (p<0.01). At the age of 30 days, the yolk
sack was no longer observable.

In their study, lji et al. (2003), indicate that the yolk sack weight in 3
days old ostrich chicks is 15 — 36 % of the body weight, while on day 27 it has
completely disappeared. Dzoma et al. (2001) have established that
physiologically the yolk sack of the ostrich chicks is fully reduced between the
age of 10 and 14 days. For broiler chicks, by comparison, the yolk sack is
completely reduced by day 10 (lji et al., 2001).

The increase of the absolute weight of stomach could be observed
continuously, over the whole period studied (Table 2, Fig. 1). In 30 days old
chicks its weight was 242.5+18.62 g constituting 16.3+1.08% of the body
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weight. The increase in absolute weight of the stomach at this age was
significant in comparison with the day of hatching (p<0.001) and day 7 of life
(p<0.01).

Over the ontogenesis period studied, the total stomach weight in the
ostrich chicks increased 71 times (i.e. from 9.0+1.18 g on embryonic
development day 38 to 645.5£62.06 g at the age of 60 days).

A significant increase in the relative weight of the stomach was observed
up to the age of 30 days (p<0.01), when it reached its maximum — 16.3+1.08%.

Over the ontogenesis period studied, the total intestine weight in the
ostrich chicks (small and large intestine) increased 67 times (i.e. from
8.81£1.00 g on embryonic development day 38 to 593.64+82.66 g on day 60 of
life). A critical weight increase was established between day 1 and 14 (p<0.05);
day 7 and 30 (p<0.01) (Fig.1) and day 30 and 60 (p<0.001).

The relative weight of intestine reached its maximum in at the age of 30
days, constituting 18.5+0.97% of the body weight while over the subsequent
period it was subjected to substantial decrease (p<<0.01) reaching 12.6+1.13% at
the age of 60 days.

According to lji et al. (2003), the relative weight of the stomach and
intestines in the ostrich chicks continue to increase slightly also over the second
month of life, however, this study showed a substantial decrease of the relative
weight of the stomach and intestines from day 30 to 60 of life. It can be
presumably explained by different growing intensity of birds, influenced by
feeding and rearing conditions despite that rearing conditions described in both
studies are rather similar. ITopuecky (2007) has established that in an adult
Ostrich, the relative intestine weight constitutes just 4.2 % of live weight.

Anatomy of the stomach

In 38 days old embryos and newly hatched chicks, the glandular part
of the stomach (proventriculus) was small of spindle like form, however on day
7, its volume had already increased and acquired a convex sack form
comprising the left and caudal part of the muscular part of the stomach
(ventriculus). The wall of proventriculus was rather thin but it turned thicker
along the ventro-lateral edge, immediately behind the oesophagus opening, in
the elongated “boat-shaped” zone. The above zone contained the deep
proventricular glands (gll. proventriculares profundi). This area was ventro-
caudally stretched as a well delimited zone up to the medium part of
proventriculus.

The ventriculus was of round, disc shape and it had a thick wall. It was
located in cranio-ventral part of the body cavity, slightly to the left from the
median plane of body so that it touched the ventral wall of the abdomen. From
the left and caudal edge it was embraced by proventriculus. If over prenatal
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period and on the day of hatching the size of both stomach parts were visually
similar, then already with the age of 3 days and up to day 60 of life, the
disproportion of both parts was progressing with the increase of the relative
size of proventriculus.

Comparing the stomach anatomy of ratites, Cho et al. (1984) point out
that among all ostrich-like birds, the glandular part of the stomach on the
African ostrich is proportionally the largest in comparison with the muscular
part of the stomach.

The morphometric data obtained in the present research reflecting the
increase of both stomach parts up to the age of 60 days also suggest a more
rapid development of the glandular part of the stomach (Fig. 2).

If the diameter of ventriculus in a 30 days old chick had doubled in
comparison with its diameter on the day of hatching reaching 50 mm
(p<0.001), then the arc of proventriculus had increased in this period already
2.7 times (p<0.001).

In adult ostriches, the glandular part of the stomach is
2-2.5 times larger than the muscular part (ITopuecky, 2007).

Presumably such a rapid development of proventriculus already so
shortly after hatching is connected with the functional characteristics of
proventriculus having originated due to the natural distribution area of the
African ostrich — desert and its nutritional basis.

Several authors think that the comparatively large proventriculus serve
for the ostrich as a reservoir for recently consumed feed and water. Research
shows that even in the ostrich chicks kept off water for 20 hours, an unbound
water level may be radiologically observed in the proventriculus (Skadhauge et
al.,1984; Degen et al., 1994).

The mucosa of both stomach parts in the ostrich chicks of all ages was
lined with koilin (cuticula gastris) of greenish yellow colour.

In most avian species, koilin is lining only the lumen of ventriculus.
Also, this peculiarity in ostriches is most likely related with the specific feed
assortment available in its natural habitat. Sales (2006) points out that the
African ostriches in the wild feed on succulent plants, seeds, berries and grass.
Alongside with feed they also consume a lot of even rather large stones. It can
be presumed that one of the functions of cuticle in the proventriculus is a
mechanical protection of the mucosa. Guided by his research results, Degen et
al., (1994), sets a hypothesis that the proventriculus also serves as a water
reservoir. It is possible that the function of koilin, lining the mucosa of the
glandular area, is slowing down the absorption of water in this part of the
digestive tract thus ensuring the water reserves in the system of animal.

The total surface area of the proventriculus mucosa was rapidly
increasing, reaching 2.5 times growth between the age of 30 and 60 days
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(p<0.001), however the area of deep proventricular glands was growing more
slowly. From the age of 30 to 60 days this area had just doubled (p<0.001).

Parameters of the relative area of the deep proventricular glands also
reflect the disproportional growing speed of both mucosa areas. In newly
hatched chicks, the relative area of deep proventricular glands made up
22.5+1.52% of the total area of pars glandularis mucosa, while with birds
advancing in age, it was reduced down to 14.0+0.36% (p<0,01) at the age of 60
days (Table 3).

Comparing the pars glandularis mucosa of different ratites, Cho et al.
(1983) have established that of all ostrich-like birds, the area of the deep
proventricular glands (the ones producing gastric juice) is relatively the
smallest in the African ostrich. It makes up only 25% of the total mucosal area
of pars glandularis (Cooper, Mahroze et al., 2004).

In hens of Gallus domesticus, by comparison, the output orifices of the
hydrochloric acid and pepsin producing deep proventricular glands are located
along the whole mucosa surface of the proventriculus (Briiveris, 2007; Nickel,
et al., 1992; [Topuecky, 2007) and such zones in proventriculus are not found.

Although, in the ostrich the deep proventricular glands are located
only along the small area of the par glandularis mucosa, they are highly
developed and due to a larger volume of this part of the stomach and a
continuous passage of feed through this part of stomach, the feed can get mixed
well enough with the gastric juice (Degen et al., 1994). The pH measurements
of the stomach pars glandularis setting carried out in the present research also
showed evidence that there were not significant differences of the pH level in
different areas of the glandular part of the stomach.

Anatomy of the small intestine

All three parts of the small intestine - duodenum, jejunum and ileum —
in birds included in the trial showed good development and a strong outline in
all age groups.

The duodenum consists of the descending (pars descendens) and
ascending (pars ascendens) part making a U-shaped bend, so called U-loop.
Inside the loop, within the mesentery the pancreas is located. In the ascending
part, next to the bend of pancreas, at the right side of the body cavity, the
duodenum forms a small secondary loop and further, forming flexura
duodenojejunalis it merges into jejunum without a distinct border line.

With chicks advancing in age, the duodenum, mainly due to increase
in volume of proventriculus pars glandularis was more pushed back caudally.
Cranio-dorsally from the U-shaped loop, the caecum was located the mesentery
of which was connected with the mesentery of duodenum.
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The jejunum is located at the right side of the body cavity, between
muscular part of the stomach and the right kidney. Its proximal part is placed
close to the pylorus region of pars muscularis, where the duodenum starts, but
further on jejunum forms bends incorporated in a long mesentery and are
placed slightly caudally and to the left until reaching the apex of ceacum and
turning into ileum.

The ileum is incorporated in a short mesentery connecting it with two
well developed caecums, forming the ileocaecal ligamentum (lig. ileocecale).
The ileum starts on the right side of the body cavity, on the level of apex of the
caecum, turns to the right, moves parallel between both loops of the caecum
dorsally, in cranio-lateral direction from the duodenum almost reaching the
right stomach wall. At the base level of the caecum, where both symmetrical
caecums meet, the ileocaecal ostium (ostium ileocecale) is found. This is the
place where the colon starts. In older chicks (at the age of 60 days) a weakly
outlined haustra appears in the ileum.

Increase in the absolute weight of the small intestine over the first days
after hatching was rather slow, however after reaching the age of 3 days, it
acquired high speed. The linear increase in absolute weight of the small
intestine continued over the whole ontogenesis period studied. On early
ontogenesis stages, the weight increase of the small intestine was more rapid.
Thus, for instance, from day 3 to day 14, the increase of its weight was fivefold,
while from the age of 30 to 60 days it grew just 2.5 times (p<0.001) reaching
182.1428.6 g.

The linear growth of the relative weight of the small intestine
continued to grow as far as 30 days of age, when it had reached its maximum
and constitutes 4.91+0.37 % of the body weight, moreover, the most rapid
increase was observed exactly from day 7 to day 14 of life (p<0.01). In
comparison with the day 30, at the age of 60 days, a decrease in the relative
weight of the small intestine was observed down to 3.79 £0.14 % of the body
weight.

The study of lji et al. (2003) in its turn shows that at the age of 27
days, the relative weight of the small intestine in the ostrich chicks is 4.6%,
continuing to increase up to 4.7% at day 41 when it starts to go down
decreasing to 4.2% of the body weight at 72 days of age.

Research on chicks of Gallus domesticus and ducklings showed that
the relative weight of the small intestine reached its maximum already at the
first week of development gradually decreasing after that period (Soriano et al.,
1993, King et al., 2000).

Analysing the total length of the small intestine it was established
that its rapid growth started after hatching, when at the age of 7 days its length
had already doubled in comparison with day 38 of embryonic development
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reaching 1001.7+65.52 mm or 38.4+1.10% of the total length of this intestine.
A significant increase was observed between day 3 and 14 (p<0.05) and day 30
and 60 (p<0.01) (Fig. 3).

The relative length of the small intestine in the ostrich chicks of all age
groups ranged from 33.8+1.75% at the age of 14 days to 43.4+2.04% at the day
38 of embryonic development with a downwards trend when chicks advanced
in age. In the ostrich chicks of all ontogenesis periods studied, the large
intestine made up the longest part of the total length of intestines.

Wang and Peng (2008) indicated that the length of the small intestine
in ostrich chicks in the period between day 1 and 45 increased much more
rapidly than between day 45 and day 90. This is also confirmed by the data
obtained in the present research. If over the first month of life, the length of the
small intestine increased by 1467 mm (3.5 times), then, over the second moth,
it grew just by 917 mm (1.4 times).

Our data indicated that on the whole, over the first two months of life,
the length of the small intestine in the ostrich chicks increased 5 times, while
Wang and Peng (2008) fixed a six fold increase over the first three months of
life, at the same period, when in the chicks of Gallus domesticus the small
intestine length increased just 3.4 times. A relatively rapid growth of the small
intestine in the ostrich chicks over the first months of life points to an important
trait of anatomy and physiology of this species which has to be taken into
account when evaluating the typical pathologies and selecting the optimum
nutrition for the ostriches of this age.

Looking into macroscopic development of separate parts of the small
intestine over the particular ontogenesis period, it was found that the jejunum
constituted the highest weight and length proportion of the small intestine.

The weight and length of separate sections of the small intestine
increased proportionally to the overall changes in its weight and length.

Wang and Peng (2008) found that in 24 hours old ostrich chicks the
relative weight of the jejunum was 0.65%, the duodenum — 0.1%, but the ileum
— 0.08% of the body weight.

The relative length of the small intestine is reflected in Figure 4.

The length of duodenum, in percentage of the total intestine length
ranged from 6 to 9% for all the chick groups included in the trial, the length of
the jejunum — 27% on average, but the ileum — 4%. With chicks advancing in
age, the relative length of the duodenum and jejunum had a tendency to
decrease (Fig.4)

Also, Wang and Peng (2008) pointed out that the longest of the small
intestine segments was jejunum. The data obtained by the above scientists in
respect of the relative length of the small intestine segments correlate with the
data obtained in the present study.
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Microscopic structure of the stomach and the small intestine of the
ostrich chicks from day 38 of embryonic development
to the age of 60 days

Histology of the stomach

In all the examined birds the mucosa (tunica mucosa proventriculi) of
the proventriculus is lined with a single columnar epithelial cells, which
bending into the lamina propria of the mucosa (lamina propria mucosae) form
simple tubular glands: superficial proventricular glands (gll. proventriculares
superficiales).

On embryonic development day 38, the tubules of the superficial
glands are short, their epithelium is low simple columnar but at the base of the
gland it is cuboidal. On the day of hatching, the tubules are already deeper and
their length continues to grow with chicks advancing in age. Starting with the
third day of life, the branching of some glands can be observed but on day 7
and 14 rather many branched glands can be established with more extended
lumens.

Also, Bezuidenhout, Wan Aswegen (1990) and Illanes et al. (2006) in
their research of the African ostrich stomach mucosa have found out that the
structure of superficial glands varies from simple to branched tubular glands.
Wang et al. (2007), [Topuecky (2007) in their turn, in studies on the ostrich
stomach mucosa structure have not pointed out any of such pecularities specific
of the species.

It should be noted that in most species of birds, including poultry, the
structure of the superficial proventricular glands is simple tubular without
branching (Catroxo et al., 1997; Aughey, Frye, 2001; Bacha W, Bacha L, 2006;
Samuelson, 2007).

Analysing the quality composition of the mucosa secret produced in
pars glandularis it was found that in all age groups of birds the cells located
closer to the gland neck were mostly stained PAS+ or AB+ while those located
deeper had a mixed stain. The secretion produced by the glands flows out on
the surface of mucosa forming a koilin layer.

The research findings of other authors concerning differentiation of
the mucous discharge of the ostrich stomach by the type of
mucopolysaccharides were not available, however similar studies have been
carried out in respect of chicks of Gallus domesticus (Sgambati et al., 1995),
hens of Gallus domesticus (Pastor et al., 1998) and guinea fowls (Selvan et al.,
2008). It has beed estabilished that in these avian species the epithelial cells of
the stomach glandular part forming the superficial glands contain granules of
neutral and acid mucopolysaccharides and produce a secretion that contains
both neutral and acid mucopolysaccharides.

50



The lamina muscularis of the mucosa in the area of superficial glands
was rather well developed starting with day 3 of life, while in younger chicks it
was relatively weakly developed.

In the dorsolateral wall of the stomach glandular part, the deep
proventricular glands (gll. proventriculares profundi) were observed for all
age groups of birds. The deep proventricular glands consisted of series of
rounded angular polymorphic lobules arranged in groups. Each lobule was
made up of closely packed tubules opening in the central cavity of the gland
through the tertiary and secondary ducts. The central cavities of lobules were
connected by the primary ducts with the papillae on the surface of the
proventricular mucosa. The gland tubules (secretoral epithelium) consisted of
one type of cells: a single cuboidal to low columnar epithelial cells.

On the embryonic development day 38, the gland groups consisted of
poorly developed, rounded, polymorphic lobules between which there were
connecting tissue (stroma) and elements of the smooth muscle fibers. In the
periphery of the gland lobules, short poorly developed tubules could be
observed, confined by cuboidal glandular epithelial cells with large round
vesicular nuclei and granular cytoplasma. The papillar canal (primary duct)
was lined with a simple cylindrical epithelium containing a large number of
granules on their apical ends containing mixed mucopolysaccharides. There
was a rather thick connective tissue layer (stroma) with many blood vessels and
nerve fibres in between them.

On the day of hatching, the lobules were better outlined and the
amount of connective tissue between them was lower. The glandular epithelium
at that point, made up longer cell strands thus forming tubules.

Starting with the day 7, the tubulae forming the glandular lobules were
longer with wider lumens and more clearly outlined smooth muscular cells
between them. Lobules had acquired a many angled outline. In some epithelial
cells, lining the central glandular cavity, granules containing neutral
mucopolysaccharides were observed, furthermore, the number of such cells by
visual assessment, increased with the birds advancing in age. Bezuidenhout
and Wan Aswegen (1990), in their turn, specify that the epithelium, which also
partly participate in the formation of the lobule central cavity and lines the
secondary and tertiary ducts of glands, does not contain any mucin.

With the chicks advancing in age, the glandular tubules became better
developed. The cross-section area of the glandular lobule was mainly taken up
by the cuboidal glandular epithelium forming tubules, while the central cavity
of the lobule with tertiary and secondary ducts could be observed in the centre.

At the age of 30 and 60 days, there were few connective tissue and
many blood vessels between the groups of glandular lobules. At this age, the
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histological structure of the deep proventricular glands already reminds those of
the adult bird (Bezuidenhout, Wan Aswegen, 1990).

The parenchyma area measurements of the deep glandular lobules in
relation to the overall unit of the cross-section area of the mucosa showed that
the proportion of the glandular parenchyma (secretory epithelium) radically
increased between the day 38 of embryonic development and the day of
hatching (p<0.05), as well as between day 3 and 14 of life (p<0.05) at the time
when birds start to consume feed independently and intensively. At the age of
60 days, parenchyma took up already 92% of the tissue forming glandular
complexes (Fig. 5)

The lamina muscularis mucosae in the area of deep proventricular
gland surrounded the glandular lobules. In younger birds (day 38 of embryonic
development, day of hatching and day 3 of life) there were less smooth muscle
tissue between the glandular lobules while with chicks advancing in age, they
abundantly confined each glandular lobule, in great number.

The tunica muscularis in the area of the superficial proventricular
glands, highly developed in chicks of all age groups turned stronger with chicks
advancing in age. The tunica muscularis consisted of the inner circular layer
(stratum circulare), which was stronger and visually 2 to 3 times thicker than
the outer longitudinal layer (stratum longitudinale). In the area of deep
proventricular glands, the tunica muscularis was thinner.

The tunica serosa was thin, lined with mesothelium which covered the
layer of loose connective tissue with blood vessels and nerve plexus.

In the mucosa of the ventriculus (pars muscularis) on day 38 of
embryonic development the glandular tubules (gll.ventriculares) were poorly
developed — they were narrow, convex and opening out on the surface of
mucosa individually or in groups up to three. The epithelium lining tubules was
low, the cytoplasm filled with poorly stained, tiny secretoral granules distally
from the nucleus. The gland secreted mucoid secretion that stained slightly
eozinophilic and the koilin layer above the epithelium of the mucosa surface
was rather thin.

With birds advancing in age, the tubules were visually longer and
wider but at the age of 60 days, on the surface of the mucosa shallow pits were
already observed in some individuals where glandular tubules open up in
groups of 3 to 8 in each. The pits were lined with a columnar simple
epithelium. On the surface of the pits, desquamated cells and cells with signs of
degeneration were observed. The thickness of the koilin layer increased with
the birds advancing in age.

Also, in adult ostriches, there were branched tubular glands observed
in the mucosa of ventriculus stretching along the base layer of mucosa and
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opening up in wide crypts on the surface of mucosa (Bezuidenhout, Wan
Aswegen, 1990).

The surface epithelial cells of ventriculus mucosa in birds of all age
groups contained neutral mucopolysaccharides (PAS+), however there were
also cells observed with acid (AB+) and mixed (AB/PAS+)
mucopolysaccharides. It is interesting that the glandular secretion secreted from
their  lumens and forming cuticle, mostly contained neutral
mucopolysaccharides (stained PAS+), however the cells in glands contained
granules with acid and mixed mucopolysaccharides (stained AB+, AB/PAS+).
A similar picture has been observed in the mucosa of pars muscularis in guinea
fowls (Selvan, et al., 2008) and hens of Gallus domesticus (Pastor et al, 1998).

In the direction to the pylorus opening, the highest proportion is made
up by the surface epithelial cells containing acid mucopolysaccharides.

In the quality composition of the mucoid secretion of the epithelium in
this area significant changes among the various age groups were not observed.

Exactly on the transfer place between the stomach and duodenum, the
mucosa forms villi lined with simple epithelial cells — mucocytes abundant in
mixed and neutral mucopolysaccharides. Convex tubular glands — pyloric
glands (gll.pyloricae) were situated in the lamina propria of mucosa.

The lamina propria of mucosa was formed of loose connective tissue and
was rich in blood vessels, nerve elements and lymph ducts. Beneath the glands,
there was a layer containing dense connective tissue, i.e., the subglandular or
the compact layer which was outlined already on day 38 of the embryonic
development, but starting with the second week of life its thickness increased.
In the pylorus region, this layer was not observable.

Also, in other avian species (especially seed-eaters) the subglandular
or the compact layer made up of fibrous connective tissue was described
(Nickel et al., 1992; Bruveris, 1993). In an adult ostrich, its thickness may
reach even 1.5mm (ITopuecky, 2007).

The lamina muscularis of mucosa closely fitted to the tunica muscularis,
was well developed in all age groups of birds, however it turned thicker with
birds advancing in age.

The tunica muscularis was very well developed. It consisted of thick
layers of smooth muscles, separated by thin layers containing loose connective
tissue, blood vessels and nerve plexus. The orientation of the muscle fibres was
chaotic, they were made up of differently oriented groups of muscle fibres.
Visually, the tunica muscularis was thicker in the groups of older birds.

The tunica serosa was made up of simple mesothelial cells covering a
large number of loose connective tissue.
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Analysing the morphometric parameters of mucosa, it was established
that the depth (length) of the superficial glands of pars glandularis and
thickness of mucosa of the pars glandularis and pars muscularis in the ostrich
chicks increased proportionally with birds advancing in age. The mucosa of the
pars muscularis was twice as thick as that of pars glandularis in all age groups
of birds (Fig. 6).

IMopuecky (2007) also points out that in the adult ostrich, the mucosa
of ventriculus is thicker than that of proventriculus.

Histology of the small intestine

On the day 38 of embryonic development, the villi of the small
intestine were short, thin and covered with poorly differentiated simple
epithelium, there were many eozinophilic granules present in the cell
cytoplasm, which in preparations stained with haematoxiline and eosin, turned
the cytoplasm distinctly pink and hazy. Staining with AB/PAS, a large number
of PAS positive granules were established in cytoplasm of enterocytes in all
segments of the small intestine, which had disappeared in preparations held in
amylase solution prior to staining (in order to differentiate glycogen from the
neutral mucopolysaccharides). Also in mammals (Lev, 1968; Lev, Weisberg,
1969) and chicks of Gallus domesticus (Moog, Thomas, 1957) glycogen was
established in the intestinal epithelial cells over the period of embryonic
development. In chicks of Gallus domesticus its amount started to reduce with
day 18 of incubation (Moog, Thomas, 1957).

The lamina propria of mucosa was formed of loose connective tissue,
blood vessels, nerve elements and lymph ducts, extending into villi. The lamina
muscularis of the mucosa was feebly outlined along the whole length of the
small intestine, some of its elements extended into the stroma of villi.

The submucosal layer was less developed, it contained loose
connective tissue, blood vessels and nerve plexus.

The tunica muscularis consisted of a better developed internal circular
layer and less developed external elongated layer. In the ileum, the tunica
muscularis was better developed (especially the circular layer) and thicker in
comparison with that of the duodenum.

The tunica serosa consisted of a simple mesothelium covering a large
number of reticular fibres, blood vessels and nerve plexus.

On the day of hatching, the villi were visually considerably longer,
however turning shorter in the direction from the duodenum to the ileum. The
villi were covered with a simple columnar, ciliated epithelium, visually longer
than that of the embryos. Glycogen granules had disappeared in the enterocyte
cytoplasm except from some epithelial cells of the ileum. A shallow bending of
epithelium in between villi in the lamina propria of mucosa — the formation of
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crypts was observed. In the ileum, the lamina muscularis of mucosa was
weaker, however better outlined in the jejunum and ileum. The submucousal
layer was rather thin along the whole length of the small intestine.

At the age of 3 days, the thickness and length of villi had
considerably increased. In the duodenum, the formation of crypts was observed,
however shallow crypts had already appeared in the jejunum and ileum. They
had a simple columnar epithelium with basally oriented large, oval cell nuclei.
In all segments of the small intestine, a well developed lamina muscularis of
mucosa was observed. In the jejunum and ileum, the circular layer of the tunica
muscularis was visually thicker than that of the duodenum, forming distinct
circular thickenings — folds.

At the age of 7 days crypts were observed among villi in the lamina
propria of mucosa along all segments of the small intestine, however the largest
number of them was found in the jejunum and ileum and they were visually
deeper than those in the duodenum. Wang and Peng (2008) also have
established that the deepest crypts in the ostrich chicks in day 1 and day 45 of
life are found just in the ileum, while on day 334 — in the jejunum. In the chicks
of Gallus domesticus, on the other hand, the deepest crypts over the first days
of live are observable in the duodenum, while the shallowest — in the ileum
(Uni et al.,1999).

At the age of 14 days, the villi of the duodenum were arranged very
densely, reminding a “zig-zag” pattern in the longitudinal section of the
intestinal lumen. In some regions of the duodenum and jejunum sections, the
villi were wide, richly infiltrated with lymphoid cells, even merged together.
The lamina propria of mucosa — well developed with many crypts. The tunica
muscularis of the duodenum was rather thin, it was better developed in the
ileum.

At the age of 30 and 60 days, the picture was similar to that for birds
aged 14 days, only villi were longer, their epithelium in the duodenum in places
had a pattern of waves. At the base of villi, rather wide blood vessel plexus,
extending into the stroma of villi were periodically observed. The lamina
muscularis of mucosa — highly developed along the whole length of the small
intestine. The tunica muscularis was thinner in the duodenum but the most
highly developed in the ileum.

Starting with day 7 an abundant infiltration of the lymphoid cells was
observed in the connective tissue of the ileum villi, and in lamina propria of
mucosa also in the form of lymphoid cell clusters. In older birds, the lymphoid
cells abundantly infiltrated the small intestine mucosa in all of its length, but
especially in the mucosa of the duodenum. Similar observations were made by
Bezuidenhout and Wan Aswegen (1990). Describing the histological structure
of gastro-intestinal tract of the ostrich, they emphasized that the most abundant
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infiltration of lymphoid cells in ostriches was observed in the mucosa of the
duodenum.

Rich infiltration of the lymphoid tissue in the lamina propria of the
small intestine was also described in hens of Gallus domesticus and other birds,
although it was most distinct just in the ileum and caecum (Randall, Reece,
1996; King et al., 2000).

Presumably, the appearance of more distinct infiltration of the
lymphoid tissue in the mucosa of the small intestine at the time between day 3
and day 7 may be related to the start of feeding at this period and a
simultaneous intake of antigens as well as the contact of the intestine mucosa
with them.

Performing the length measurements of the small intestine villi, it was
established that the longest villi could be observed in the duodenum already
over the period of embryonic development, while the shortest villi were
situated in the ileum. It should be noted though that the difference in the length
of villi between the jejunum and ileum was insignificant by the respective
number of observations. Such a proportion of the length of villi was preserved
also in the chicks of other age groups even up to the age of 60 days.

The length and width measurements of the small intestine villi are
reflected in Figures 7 and 8.

A similar tendency has been observed by Wang and Peng (2008) in
their studies. They have established that in the day old chicks the longest villi
are found exactly in the ileum, although already at the age of 45 days and at
later age, the longest villi are found in the duodenum, furthermore, in 11
months old ostriches their length exceeds that of the length in the ileum. The
results obtained by ITopuecky (2007) indicate that in the duodenum the length
of villi in adult ostriches exceeds that of their length in the ileum even 6 times.

With the chicks advancing in age, the size of villi gradually increased
in all segments of the small intestine (Fig. 7 and 8). It should be noted that at
the age of 60 days, the villi of duodenum were the longest in comparison with
those of the jejunum and ileum. In the ileum, the length and width of villi was
significantly smaller (p<0.05).

The villi length of jejunum grew rather evenly throughout the whole
prenatal ontogenesis period observed, however the width had a slightly
decreasing tendency between days 30 and 60 of life (Fig 7 and 8).

The number of the goblet cells in the mucosa of the small intestine per
1 mm? of the cross-section area median of a villus had a tendency to decrease
with the birds advancing in age, however differences were observed in the
number of cells depending on the part of the intestine (Fig. 9)

On day 38 of embryonic development, the largest amount of the goblet
cells was established in the jejunum, the smallest — in the duodenum. In the
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course of further development up to day 7, the number of the goblet cells in the
jejunum was changeable but starting with day 7 their numbers were rapidly
reduced (p<0,01).

A similar trend for the numbers of the goblet cells was observed in the
jejunum, where up to the age of 30 days, a rather even reduction of these cells
was observed, while over the second month of life, their numbers had a slight
tendency to
increase (Fig. 9).

From day 38 of embryonic development up to the age of 14 days, the
number of the goblet cells in the ileum had a tendency to decrease while in the
subsequent period the tendency changed towards the increase until at the age of
60 days it reached its maximum — the number of cells per Imm? of a cross-
section area of the villus median was the largest in comparison with that of the
other sections of the small intestine (9.att.)

Also Wang and Peng (2008) have found out that in 45 days old ostrich
chicks the largest number of the goblet cells is situated in the ileum, while the
smallest — in the duodenum, but on the day of hatching the largest number of
the goblet cells per area unit was found in the jejunum.

Analysing the quality composition of the goblet cells, it was
established that in all parts of the small intestine the goblet cells containing the
acid (AB+) and mixed (AB/PAS+) mucopolysaccharides dominated, while the
number of cells containing neutral mucopolysaccharides was significantly
lower in all age groups of chicks in all segments of the small intestine (p<0.05).

Unfortunately, data on similar studies about the quality composition of
the goblet cells in the mucosa of the ostrich chicks were not available, however
Uni et al., (2003) in his studies on the intestine mucosa development in the
chicks of Gallus domesticus has found that over the period of embryonic
development in the broiler chicks the goblet cells contain only the acid
mucopolysaccharides, while from the day of hatching to 7 days of age, the
number of acid and neutral mucopolysaccharides containing cells is
proportional.

Distribution of gastrin, somatostatin and VIP immunoreactive
cells in the mucosa of the stomach and the small intestine in the ostrich
chicks from day 38 of embryonic development to day 60 of life

Cells positive to gastrin antibodies (immunoreactive cells) in chicks
of all age groups, concerning the stomach mucosa were found only in the
pyloric region where they in large quantities were localized in the pyloric
glands (gll. pyloricae). The positive cells, however in much smaller quantities
than in the pylorus mucosa were found also in all segments of the small
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intestine: the duodenum, jejunum and ileum in the ostrich chicks of all age
groups.

Analysing differences in the cell numbers positive to gastrin from day
38 of embryo development to the age of 30 days, a tendency to increase was
established for the number of cells in the cross-section area of the pylorus
mucosa, while at the age of 60 days the number of cells had significantly grown
in comparison with that of younger birds constituting 494+111.0 cells per mm?
of mucosa area on average (p<0.01).

It is known that in the chicks of Gallus domesticus, the gastrin
immunoreactive cells as ones of the first appear in the pylorus mucosa: already
on day 12 of embryonic development, but two days later they are found also in
the mucosa of the small intestine (Alison, 1989; Askoy, Cinar, 2009).

Comparing the number of the gastrin immunoreactive cells among
different segments of the small intestine, it was found that their numbers had a
tendency to decrease in the direction from the duodenum to ileum in all age
groups of birds. In all age groups (except chicks of day 30 of life) a significant
lower number of the gastrin immunoreactive cells was found in the mucosa of
the ileum in comparison with that of the duodenum (p<0.01-0.05).

Bezuidenhout and Wan Aswegen (1990) have established the gastrin
immunoreactive cells in analogical locations of the stomach and intestines
(pylorus, duodenum). The highest amount of cells was found in the mucosa of
the duodenum, while within the present research the highest number of gastrin
immunoreactice cells was discovered in the pyloric region of the stomach. The
data similar to our results have been also obtained in respect of distribution of
the above cells for other avian species (Rawdon, 1984; Alison, 1989; Yamanka
et al,1989; Alison, 1990; Askoy, Cinar,2009).

Somatostatin imunoreactive cells were found in highest numbers in
the pyloric region of the stomach (gll. pyloricae). In smaller numbers they were
found in the deep proventricular glands of the proventriculus mucosa. Some
immunoreactive cells of somatostatin in birds of all age groups were also
discovered in the surface epithelium of proventriculus and ventriculus — gll.
proventriculares superficiales and gll. ventriculares respectively. A relatively
low number of cells were found in all segments of the small intestine in birds of
all age groups.

Looking at mucosa of pars muscularis it was evident that in a similar
way as for the gastrin immunoreactive cells, the somatostatin immunoreactive
cells were also the most densely located just in pyloric region — pyloric glands,
however their distribution was more even and less dense than gastrin
immunoreactive cells.

Assessing the changes in numbers of somatostatin immunoractive
cells depending upon the age of birds, the tendency to increase the number of
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cells with birds advancing in age was established in the mucosa of the pyloric
region while in the deep proventricular glands zone of proventriculus a
significant growth of the somatostatin immunoractive cells was observed from
the age of 3 to 7 days (P<0.05).

Comparing the number of cells in different areas of the stomach
mucosa, it was found that in all age groups of ostrich chicks, a considerably
higher number of somatostatin immunoractive cells was located in the pylorus
mucosa (p<0.001).

Comparing the number of somatostatin immunoractive cells in
different segments of the small intestine, it was found that on day 38 of
embryonic development and at the age of 3 days, the mucosa of the duodenum
contained a significantly higher number of positive cells than that of the
jejunum and ileum (p<0.05), similar findings also refer to birds of other age
groups.

In the stomach and intestines of an adult ostrich, Bezuidenhout and
Wan Aswegen (1990) have found somatostatin immunoractive cells in
analogous locations, furthermore the highest concentration have been situated
in the proventriculus and pyloric region as well as in the duodenum, while
lower numbers were found in the jejunum and ileum.

The first somatostatin immunoractive cells in embryos of Gallus
domesticus appear on day 10 of incubation in the islets of pancreas (Yamaguchi
et al., 1987), while later, on day 12, they emerge in the pyloric region, and
starting with days 12 — 14 — in the mucosa of the small intestine (Uselini et al.,
1983; Alison, 1989; Yamanaka et al., 1989; Rawdon, Andrew, 1999).

Vasoactive intestinal polypeptide (VIP) immunoreactive cells and
sure of positive structures were not found in the submucosal nerve plexus of the
stomach and the small intestine in either of the examined birds.

At the same time, in hens of Gallus domesticus, the presence of VIP in
all segments of the small intestine has been already established since day 19 of
embryonic development (Rawdon, Andrew, 1999); it has been found also in the
submucosal nerve plexus of the proventriculus, as well as in the large and small
intestine (Vailant et al., 1980).

Intralumenal pH of the stomach and duodenum and its changes in the
ostrich chicks from day 38 of the embryonic development
to day 60 of life

In birds of all age groups included into the study, the stomach
environment pH in all the areas examined kept within the range of 4.56 — 1.85.
It should be noted that the lowest pH parameters were observed in the area of
deep proventricular glands of the glandular part of the stomach. A significant
decrease in the environmental pH of the proventriculus was observed already
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on the day of hatching (p<0.05). Also in subsequent age periods the pH
parameters had a downwards tendency in all the stomach areas examined and
birds of all age groups (Fig.10).

Comparing the pH parameters among different areas of the stomach it
was concluded that in proventriculus pH had lower values than in ventriculus in
birds of all age groups (p<0.01), at the same time no significant differences in
pH values were found between the deep proventricular gland area and the
entrance of proventriculus. Swart (1993) has also found that pH parameters
were higher in the muscular part than in the glandular part of the stomach. The
author concludes that it refers to imperfect mixing of the feed volumes between
both parts of the stomach and suggests that presumably the fermentation of feed
in the ostrich starts already in the proventriculus contrary to other birds in
which the feed actually does not stay in the glandular part of the stomach
(Sturkie, 1976).

A medium close negative correlation was established in the present
study between the age of birds and the stomach intralumenal pH (r = - 0.63;
p<0.01), indicating the increase of secretion in birds advancing in age thus
decreasing the pH values.

In all age periods after hatching observed, the environment pH
reaction was weakly acid and with birds advancing in age, significant pH value
changes were not observed.
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CONCLUSIONS

1. Over the first week of life, the body weight of the ostrich chicks has a
downward trend while a significant increase in the body weight can be
observed starting with the age of seven days (p<0.05). The most rapid body
weight increase is observable in the second month of life (p<0.01). The most
rapid reduction of the yolk sack takes place between the day 38 of embryonic
development and day 7 of life (p<0.01), while it totally disappears between the
age of 14 and 30 days.

2. The relative stomach and intestine weight of the ostrich chicks significantly
grows starting from the age of 3 days reaching its maximum at the age of 30
days (p<0.001). Over the second month of life, it is significantly reduced
(p<0.05).

3. A more rapid increase in weight and dimensions of the stomach glandular
part can be observed starting with the age of 3 days throughout the whole
ontogenesis period observed. With chicks advancing in age, the relative area of
deep proventricular glands decreases (p<0.01). The thickness of the stomach
mucosa in the ostrich chicks of all the studied age groups, is proportionally
increasing in both parts of the stomach, however in the muscular part of the
stomach it is twice as high as in the glandular part.

4. With chicks advancing in age, the relative length of the small intestine has a
reducing tendency, and in ontogenesis period observed it constitutes from 33.8
to 43.4% of the total intestine length.

5. The length of villi of intestines increases significantly (p<0.001) over the
first and second month of life in all sections of the small intestine; in the
mucosa of the duodenum in birds of all age groups they are significantly longer
than in the ileum, (p<0.001). The formation of crypts in the small intestine, is
observed on the day of hatching in the mucosa of jejunum and ileum, but
starting from the day 3 — also in the duodenum.

6. The proportion of secretory epithelium of the deep proventricular glands of
the proventriculus significantly increases between day 38 of embryonic
development and the day of hatching (p<0.05), as well as between the age of 3
and 14 days (p<0.05), while in older chicks it does not significantly change. At
the age of 30 days the histological structure of these glands already reminds
glands of the adult birds.

7. Epithelial cells of the superficial glands of pars glandularis and pars
muscularis (gll. proventriculares superficiales, gll. ventriculares) contain
neutral, acid and mixed mucopolysaccharides, while in the pyloric area of the
chicks of all age groups acid mucopolysaccharides dominate.
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8. The number of the goblet cells per area unit of the small intestine mucosa has
a tendency to reduce with chicks advancing in age. In chicks of all age groups,
cells containing acid and mixed mucopolysaccharides constituate the highest
proportion in all segments of the small intestine (p<0.001).

9. The gastrin immunoreactive cells in the ostrich chicks from the day 38 of
embryonic development to the age of 60 days are observed only in the pyloric
region, while somatostatin immunoreactive cells can be observed in the mucosa
of the glandular part, muscular part and the pylorus. The gastrin and
somatostatin immunoreactive cells in the stomach mucosa have a tendency to
increase in numbers with chicks advancing in age. The gastrin and somatostatin
immunoreactive cells can be observed in all segments of the small intestine but
their number is significantly higher in the duodenum. The presence of VIP
immunoreactive cells in the ostrich chicks were not observed.

10. The acid environment reaction in the stomach lumen points to secretion of
the hydrochloric acid in the deep proventricular glands already from day 38 of
embryonic development becoming stronger starting with the day of hatching. In
the ostrich chicks of all age groups, the pH level in the stomach glandular part
is significantly lower than in muscular part (p<0.001).
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