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IEVADS

Afrikas strauss ir vislielakais un smagakais nelidojoSais putns pasaulé. No
strausiem ieglist — olas, galu, spalvas un adas. Strausus audzg vairak neka 50
pasaules valstis: Vacija, Danija, Meksika, Krievija, Kina u.c., un pat valstis ar
bargaku klimatu, tadas ka Zviedrija, Kanadas ziemeli, Norvégija. Tomer
visvairak strausu fermu ir Dienvidafrika. Latvija strauskopiba saka attistities
2003. gada, kad tika uzsakta strausu audzesana ar mérki iegiit galu un adas, ka
arT calus ganampulka pavairoSanai. Latvija 2010. gada 1. julija bija registréti
225 strausi, bet 2013. gada 170 strausi (Lauksaimniecibas Datu Centrs).

Strausus pasaulé audzg galvenokart galas ieguvei, jo tai ir zems tauku un
holesterina saturs. Produkcijas iznakums ir atkarigs no vairakiem faktoriem, tai
skaita gremoSanas kanala, Tpasi kunga un tievas zarnas, attistibas. Kungi un
tievaja zarna notiek uznemtas baribas sagremosana, Skel$ana un uzsiiksanas,
kam ir svariga nozime organisma vielmainas procesos. Lidz ar to gremosanas
kanala attistiba ietekm& putna visparjo veselibas stavokli, ta augSanu, it Tpasi
kermena masas optimalu pieaugumu.

Strausa gremoSanas kanala salidzinajuma ar majputniem ir v€rojamas
atSkirtbas. Lielai dalai putnu bariba tiek uzkrata guza, bet strausveidigajiem
putniem ta nav attistita, tapéc uzpemtas baribas un tdens uzglabaSanas
funkcijas pilda kunga dziedzerdala. Strausa kunga dziedzerdala ir vérojams
relativi neliels dzilo un lielaks virs€jo dziedzeru apvidus, savukart vistam visa
kunga dziedzerdala ir sastopami dzilie dziedzeri. Savvala dzivojo$ie strausi
partiek no augu valsts produktiem, tapéc tiem ir labi attistita resna zarna, kas
veido lielako zarnu masas dalu. Pieaugusa strausa tieva zarna ir aptuveni 7.5 m,
bet resna zarna 16 m gara.

Pasaulé ir veikti pétijumi par strausa gremosanas kanala uzbivi lidz 100
dienu vecumam, ka arT pieaugusam putnam, bet ir nepietickama informacija par
gremoSanas kanala attistibu no 100 dienu Iidz gada un picauguSa strausa
vecumam.

Promocijas darbs ir turpinajums pétijumam par Latvija audzetu strausa
calu kunga un tievas zarnas attistibu lidz 60 dienu vecumam. Lidz $im Latvija
ir veikti petijumi par gastrina, somatostatina imunorekativo S§tnu izplatibu
kunga un zarnu glotada Latvija audz&tiem strausiem Iidz 60 dienu vecumam.
Petijumu par grelina imunoreaktivo §iinu izplatibu gastrointestinalaja kanala
nav veikti.

Lidz ar to, musu darba meérkis bija izpétit atseviSkus strausu kupga un
tievas zarnas makro— un mikromorfologiskos raditajus postnatalaja ontogen&ze
120, 180, 240 un 365 dienu vecuma.



Promocijas darba uzdevumi

. Noskaidrot strausu kupga un tievas zarnas morfo— un masometriskos
raditajus un to savstarp€jas attiecibas no 120 Iidz 365 dienu vecumam.

. Izvertet strausu kunga un tievas zarnas sieninu mikroskopiskas uzbiives
izmainas p€tamaja ontogenézes perioda.

. Izverteét strausu kunga un divpadsmitpirkstu zarnas intralumenala pH
ItTmeni, ka arT noteikt kausveida $tnu sekréta kvantitativo un kvalitativo
sastavu tievaja zarna.

. Izvertét gastrina, somatostatina un grelina imunoreaktivo $tinu izplatibu
strausu kunga un tievas zarnas glotada.

Darba zinatniska novitate

Pirmo reizi veikti Latvija audzéto Afrikas strausu kunga un tievas zarnas
morfometriskie p&tijumi no 120 Iidz 365 dienu vecumam.

Analizéta strausu kunga un tievas zarnas histologiska uzbtive un iegti dati
par to morfologisko raditaju izmainam.

Iegiiti un analizéti dati par strausu kupga un divpadsmitpirkstu zarnas
intralumenalo pH.

Noteikts kunga un tievas zarnas kanala esoSo mukopolisaharidu sastavs,
kausveida $tnu daudzums un ta izmainas no 120 lidz 365 dienu veciem
strausiem.

Pirmo reizi Latvija veikta grelina imunoreaktivo §nu izp&te strausu kunga
un tievas zarnas glotada.

Pétijumu rezultatu aprobacija
P&tfjuma rezultati aprobéti sekojosas zinatniska konferences:

. The 64™ Annual Meeting of the European Federation of Animal Science,
Nantes, France, 26-30" August 2013. Changes of the resorption surface
area of the small intestinal villi of ostriches in ontogenesis.

. 19" International Scientific Conference "Research for Rural Development

2013", Jelgava, Latvia, 15-17" May 2013. Morpho—metric and maso—
metric parameters of the stomach in postnatal ontoghenesis the African
ostrich (Struthio camelus).

. International Scientific Conference ,,Animals. Health. Food Hygiene”.
Jelgava, Latvia, 22-23" November, 2012. Changes of the intestinal weight
and length of ostriches (Struthio camelus var. domesticus) raised in Latvia
from day 120 to day 360 of life.



4. 19™ Baltic and Finish Poultry Conference. Latvia, Riga,
18-19"™ October, 2012. The intraluminal pH changes of the stomach and
duodenum of African ostrich (Struthio camelus var. domesticus) in
ontogenesis.

5. 29™ Congress of European Association of Veterinary Anatomists, Stara
Zagora, Bulgaria, 25-28" July, 2012. Development of proventriculus in
ostriches raised in Latvia.

6. The 5™ Combined Workshop: Fundamental Physiology of the European
Working Group of Physiology and Perinatal Development in Poultry.
Wagening, The Netherlands, 31" August — 3™ September, 2011. Total
protein, albumin, calcium and phosphorus levels in blood in African ostrich
chicks of different ages in Latvia.

7. International Scientific Conference ,,Animals. Health. Food Hygiene”.
Jelgava, Latvia, 29" October, 2010. Strausu (Struthio camelus var.
domesticus) tievas un resndas zarnas morfometriskie raditaji perinatalaja
perioda.

Darba apjoms: promocijas darbs noforméts 108 lapaspus€s un sastav no
anotacijas, ievada, literatiiras apskata, darba metodikas, p&tijuma rezultatiem,
diskusijas, 8 secinajumiem, 125 izmantotas literatiras avotiem un 12
pielikumiem. Darba ieklautas 4 tabulas un 66 atteli.

MATERIALS UN METODES

Pétijuma laiks, objekts, ta raksturojums

Petijums veikts Latvijas Lauksaimniecibas universitates
Veterinarmedicinas fakultates Prekliniska institita Morfofunkcionalaja
laboratorija no 2010. gada 1. septembra lidz 2013. gada 31. augustam.

P&tfjuma izmantoti 18 abu dzimumu strausi, kuri sadaliti Cetras vecuma
grupas. Pirmaja grupa Cetri strausi 120 dienu vecuma un otraja grupa Cetri
strausi 180 dienu vecuma, kuri audz&ti LLU VMF ekspermentalo dzivnieku
stacionara. TreSaja grupa Cetri strausi 240 dienu vecuma, kuri audzgeti strausu
ferma ,,Indani”. Ceturtad grupa seSi strausi 365 dienu vecuma, kuri audzeti
strausu ferma ,,0zolini AB”. Pirmo divu vecumu grupu strausu kermena masa
noteikta pec nokauSanas, bet tresas un ceturtas grupas strausiem noteika
dzivmasa.

Kunga un zarnu postmortala izmeklésana

P&c putnu nokauSanas noteikts intralumenalais pH kunga dziedzerdala
pie baribas vada atveres un dzilo dziedzeru apvidd, kupga muskuldala un
divpadsmitpirkstu zarnas descend&josa cilpa ar tr1s atkartojumiem.
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Makroskopiska izmekléSana

Kungis un zarnas novértéti makroskopiski mérot, sverot un aprakstot
atseviSkus organus. Masometrija veikta izmantojot svarus Kern EW 420-3 NM
(£0.01 g), kunga dziedzerdalai (pars glandularis s. ventriculus glandularis) un
muskuldalai (pars muscularis s. ventriculus muscularis), tievajai zarnai un tas
segmentiem — divpadsmitpirkstu zarnai (duodenum), tuk$ajai zarnai (jejunum)
un resnajai zarnai. Katram putnam noteikta kunga kopg&ja absoliita masa ar un
bez satura, ka arT zarnu kopgja absoliita masa, kam saturs netika evakuéts. No
kunga un zarnu absoliitas masas attiecigi aprékinata relativa kunga un zarnu
masa attieciba pret kermena masu.

Morfometriski kunga dziedzerdala noteikts liela loka garums un dzilas
dziedzeru apvidus garums, bet muskuldalai mérits tas diametrs. Kunga sienu
biezums merits, izmantojot digitalo bidm&ru Limit — 2000 (+0.01 mm), dzilo
dziedzeru zona un muskuldala. Noteikts glotadas laukums (cm?®) abam kungu
dalam, izmantojot digitalo planimetru Sokkia KP-90N (+0.1 cm?). Noteikts
kopgjais zarnu kanala absolttais garums, tievas un resnas zarnas garums,ka ari
divpadsmitpirkstu, tuk$as un giizu zarnas garums, izmantot lentmeru (=1 mm).
Zarnu relativais garums aprékinats, attiecigds zarnas garumu attiecinot pret
kopgjo zarnu garumu.

Mikroskopiska izmeklésana

Audu paraugi histologiskai izp&tei nemti septinas noteiktas kupga un
tievas zarnas vietas: kunga dziedzerdalas gll. proventriculares profundae
apvidi, kunga dziedzerdalas gll. proventriculares superficiales apvida, kunga
muskuldalas siena, kunga muskuldalas m.sphincter pylorus zona,
divpadsmitpirkstu zarnas vidusdala, tuk$as zarnas vidusdala, giizu zarnas
vidusdala.

Audu paraugi 24 h fikséti 10% formalina $kiduma. Izmantots audu
autoprocesors Tisue—Tek Il paraugu dehidratacijai un sagatavosanai, ieslégSanai
parafina blokos. Kopuma nofikséti un parafina blokos ieslégti 213 audu
paraugi. P&c parauga ieslégsanas parafina bloka, preparati sagriezti 5 um planos
griezumos. Vispar€jai histologiskai novérté$anai veikta audu vizualizé$ana
pielietojot standartiz€tu hematoksilina un eozina krasoSanas metodi (Carson,
1997).

Mukopolisaharidus saturo$as S$inas epitélija diferencétas izmantojot
alcian zilo (pH 2.5) un perjodskabes — Siffa reakciju (AB/PAS), nosakot
skabos, neitralos un jauktos mukopolisaharidus saturosas $iinas.

Imunoreaktivo (IR) $tinu identifikacijai izmantotas imunohistoktmiskas
metodes, lai noteiktu gastrina, somatostatina un grelina sastopamibu audu
griezumos, kas uzpeldinati uz silikonizétiem prieksmetstikliniem (Histo
Bond®). Imunoreaktivo §inu iezim@$ana veikta ar streptavidina-biotina
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komplektu (LSAB+, Dako) (Carson, 1997). Par primaram antivielam
izmantotas gastrina, somatostatina un grelina poliklonalas koncentrétas trusu
antivielas. Lai noteiktu imfino krasoSanu, audi aplic€ti ar hromogéna komplektu
(DAB+ Substrate Chromogene system, Dako) 5 — 8 min un fons iekrasots ar
hematoksilinu. Negativas kontroles mérjjumiem izmantoti tadi pasi paraugi,
kuriem pie ieprieks€jam procediiram primaras antivielas vieta aplic@ts antivielu
at8kaiditajs. Pozitivas kontroles mérjjumiem izmantoti suna kunga piloriskas
dalas, suna aizkunga dziedzera histologisko paraugu griezumi

Histologiska novérteésana

Kunga dziedzerdala meérits virs€jo dziedzeru garums 30 dziedzeriem
katra parauga un kunga dziedzerdalas dzilo dziedzeru parenhimas laukums
(um?) 5 redzeslaukos katra parauga. Kunga muskuldald mérits zemglotadas
slana biezums ar 30 mérjjumiem katra paraugd. Zarnu morfometriskai
izvertéSanai veikti sekojosi merijjumi: zarnu barkstinu garengriezuma garums
(um), diametrs un barkstinas garengriezuma laukums (um?). Mérfjumi veikti 10
barkstinam katra parauga.

Mukopolisaharidu saturo$o $tinu kvantitativais sastavs tika noteikts katra
zarnu dala 10 barkstinas un kopa ar to, barkstinas garengriezuma laukums.
legiitais rezultats izteikts uz 1 mm”* laukuma vienibu.

Imunoreaktivo S§tnu kvantitativais sastavs vertéts katra parauga 10
redzeslaukos, redzeslauka nosakot glotadas laukumu un attiecigo pozitivo §tinu
skaitu taja, ka rezultata noteikts imunoreaktivo $inu daudzums 1mm?.

Pétjjuma kopuma izvértéti 1172 histologisko preparatu griezumi.
Histologiskos preparatus dazados palielinagjumos izvert§jam gaismas
mikroskopa Leica DM5000B. Mikroskopiskie atteli apstradati, fotograféti un
mériSana veikta, izmantojot Leica DFC 490 kameru un datoriz€tu
digitalizacijas programmu Image — Pro Plus 6.1.

Datu statistiska apstrade

Petijuma iegutie dati statistiski apstradati, izmantojot SPSS 20.0
programmu — aprékinata vidgja aritmé&tiska vertiba, vidgjas aritmétiskas
vertibas standartklida (SEM). Lai noskaidrotu vidgjas vertibas atSkiribas starp
vecuma grupam, dati salidzinati ar ANOVA vienfaktora dispersijas analizi.
Savstarpgjo raditaju sakaribas noteiktas ar Post Hoc testa Pirson korelacijas
koeficientu (Arhipova, Balina, 2006).



PETIJUMU REZULTATI UN DISKUSIJA

Strausu kermena masa un gastrointestinala kanala
makromorfologiska uzbiive no 120 lidz 365 dienu vecumam

Kermena, kunga un zarnu masa

Strausu kermena un kunga masometriskie raditaji atainoti 1. tabula.

Strausu kermena masa no 120 dienu vecuma lidz 365 dienu vecumam
picaug 4.5 reizes ar loti augstu savstarp&jo korelaciju (r=0.91; p<0.001). Batiski
straujak kermena masa pieaug no 180 lidz 240 dienu vecumam (p<0.01) un no
240 Iidz 365 dienu vecumam (p<0.05).

Sajos vecumos bija atskirigi turéSanas un kopsanas apstakli, kas vargja
ietekm@t kermena masas raditajus. Iesp&jams, strausi no 240 un 365 dienu
vecumam, kas turéti aplokos ir fiziski aktivaki ar atraku vielmainu. Turpreti
120 un 180 dienu vecos strausus vairak ietekméja stresa situacijas, kas saistitas
ar samera ierobezoto telpu, patvéruma trikumu un to kopsanas Ipatnibam.

1. tabula/ Table 1
Strausu kermena un kunga masometriskie raditaji
Ostrich body and stomach massometric parameters

Vecums Kunga masa/ Stomach weight
. Kemena masa/ - -
(dienas)/ . ar saturu/ with content bez satura/ without content
Age Body weight
(days) (g+SEM) (g+SEM) (%+SEM) (g£tSEM) (%+SEM)

120 5895.0+£843.98 | 1218.6+£220.99 | 20.5+£2.78 | 466.5£70.91 7.9+0.77

180 11385.0£2170.97 | 1597.8+233.60 | 14.7£2.20 | 697.3+68.88 | 6.4+0.64

240 51575.044569.17 | 3691.0+385.37 | 7.2+0.34 | 2161.5+63.16 | 4.3+0.35

365 81319.8+8494.33 | 5315.0+471.80 | 7.3+1.50 | 2860.0+112.84 | 3.8+0.63

Ka rada pétijumi, tad Afrika, Kina un ASV audzetie strausi jau 30 dienu
vecuma sasniedz 4000 g un augstaku kermena masu (Cilleers et al. 1995;
Scheideler un Sell,1997; Mushi et al. 1998;), 90 dienu vecuma 14050 g, bet 334
dienu vecuma 90050 g (Wang un Peng, 2008). Analiz§jot datus par Latvija
audz€tu strausu kermena masas palielinasanos, tas temps ir 1€naks un straujako
kermena masas pieaugumu sasniedz ve€laka vecuma. Latvija audz€tiem
strausiem 30 dienu vecuma kermena masa vidgji sasniedz tikai 1506 g (DiirTtis
et al., 2008). Miisu pétijuma 120 dienu vecuma strausu kermena masa vidgji ir
5895 g. Tas, iespgjams, ir skaidrojams ar klimatisko apstaklu Tpatnibam,
baribas sastavu un turéSanas apstakliem. Tomér ari Latvija audzgto strausu
kermena masa gada vecuma, Iidzinas citos klimatiskajos apstak]os audz&tu
putnu kermena masai.

Strausa kupga absoliita masa bez un ar saturu pieaug (p<0.001) no 120
lidz 365 dienu vecumam. Sie kunga masas raditaji butiski straujak pieaug, tajos
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pasos attistibas periodos ka kermena masa, no 180 Iidz 240 dienu vecumam un
no 240 Iidz 365 dienu vecumam. TurpretT strausa kunga relativa masa ar un bez
satura samazinas (p<0.001) visa nov@rotaja ontogenézes perioda — ar saturu
nepilnas tris reizes, bez satura divas reizes. Misu veiktaja pétijuma, kunga
relativas masas straujaka samazinasanas noverojama attistibas perioda no 180
lidz 240 dienu vecumam (p<0.05). Ta ka kupga relativo masu ieglst no
kermena masas, tad jasecina, ka S$aja attisttbas posma pieaugot strausa
vecumam, kermena masa pieaug straujak neka kunga absoliita masa. Savukart
no 240 dienu vecuma kunga relativa masa vairs bitiski nesamazinas, kas
norada uz kunga absolitas masas un kermena masas vienlidz strauju
pieaugumu.

Dazi pétnieki norada uz atSkirigu kunga masu strausiem 10—-14 ménesu
vecuma, ta Dijana ar kolégiem (2010) atzimg, ka relativa kunga masa kopa ar
saturu ir 8770 g, t.i., 8.46% no kermena masas, bet bez satura 4550 g, t.i.,
4.39%. Savukart Moriss at al. (1995) §aja pasa vecuma perioda norada uz
zemaku relativo kunga masu kopa ar saturu — 5800 g, t.i., 6.05%, kas vairak
atbilst miisu pétijuma iegutajiem datiem, vél zemaku kunga masu konstat&jusi
Pollok et al. (1997) — 3140 g, t.i., 3.1%.

Citu autoru veiktajos pétijumos atziméts, ka 10 — 14 méneSu vecuma
strausu kopé€ja zarnu masa ir 8290 — 14410 g, bet kopg&jas zarnu masas attieciba
pret kermena masu ir 8.7 — 14.7% (Dijana et.al., 2010; Moriss et al., 1995;
Pollok at al., 1997). Savukart miisu p&tijjuma 365 dienu vecuma strausu zarnu
kop€ja masa sasniedz 6035.4 g un 8.1% relativo masu, t.i., mazak neka
pieaugusam strausam. Jaatzimé pétnieku viedoklis, ka 18 méneSu vecuma
strausu zarnu masa sasniedz masu, kas atbilst pieaugusa strausa masai (Jensen
et al., 1992). lespgjams, ka arT Latvija audz€tie strausi lidz pieaugusam
vecumam varétu sasniegt Iidzvertigu zarnu kop€jo masu.

Kunga morfologija

Strausa kungis ir veidots no divam dalam - dziedzerdalas (pars
glandularis) un muskuldalas (pars muscularis).

Kunga dziedzerdala aiznem kermena dobuma kreisas puses kranialo
dalu. Laba mala balstita pret kunga muskuldalu un divpadsmitpirkstu, tuk$o un
aklo zarnu. Strausu kunga dziedzerdala, atkaribd no uzpemtas baribas
daudzuma, kaudala virziena sniedzas lidz pat acetabulum. Dziedzerdalas
sienina ir plana. Sakot no baribas vada atveres, uz pars glandularis glotadas
ventralas sienas, atrodas biezaks kaudali orientéts dzilo dziedzeru apvidus
(regio glandularis; gll. proventriculares profundae), kas turpinas lidz kunga
pars glandularis vidusdalai vai kaudalak. Kunga pars glandularis kaudala dala
novietojas vertikali un pagrieZoties kraniali pariet kunga muskuldala

Kunga muskuldala aiznem védera dobuma kranioventralo dalu un
uzgulst krisu kaulam. Kraniali ta pieskaras aknam, bet dorsokaudali kupga
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pars glandularis. Kupga muskuldala ir noapalota diska forma ar biezu
musku]otu sienu.

Abam kunga dalam ir dazadas morfologisko parametru attiecibas.
Muskuldalas un dziedzerdalas masas 120 dienu vecuma ir salidzino$i vienadas
(1.att.). Lai arT abi raditaji strauji palielingjas (p<0.01) no 180 lidz 240 dienu
vecumam un no 240 Iidz 365 dienu vecumam, tomér no 240 dienu vecuma
daudz straujak pieaug muskuldalas masa, gandriz 3 reizes parsniedzot
dziedzerdalas absoliito masu.
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l.att. Strausu kunga dalu, tievas zarnas, tas segmentu un resnas zarnas
absoluita masa (g£SEM) no 120 Iidz 365 dienu vecumam
Fig. 1 Absolute weight (g=SEM) of the stomach, small intestine and its
segments and the large intestine of ostriches from 120 to 365 days of age

Pieaugusa strausa kunga muskuldalas masa sasniedz 960 — 1025 g
(Tlopuecky, 2007). Misu pétijuma 365 dienu vecuma strausu kunga
muskuldalas absoluita masa ir 2075.0+69.13 g, kas ir lielaka neka pieauguSiem
strausiem, ko aprakstijis Poréesku (Ilopuecky, 2007). Iespgjams, kunga
muskuldalas masas pieaugumu veicina pieejamais atskirigais baribas sastavs.

Izvertgjot kunga glotadas laukumu attiecibas visos pétitajos strausa
vecumos, dziedzerdala glotadas laukums ir lielaks neka muskuldala (2.att.).
Lidz 180 dienu vecumam dziedzerdalas un muskuldalas glotadas laukumu
attieciba ir 2.5, bet sasniedzot 365 dienu vecumu, $1 attieciba samazinas lidz
1.8. Strausiem, at$kiriba no citiem skr&j&jputniem, kupga dziedzerdala ir
proporcionali lielaka par muskuldalu, turpreti nandu un emu kupga muskuldala
ir lielaka par dziedzerdalu (Cho et al., 1984; Fowler, 1991).

12



Kunga dziedzerdalas dzilo dziedzeru apvidus laukums procentuali no
kop@ja dziedzerdalas glotadas laukuma palielinas no 17.7% lidz 20.1% pétitaja
ontogenézes perioda, bet pieaugusiem strausiem tas sasniedz 25% (ITopuecky,
2007; Cooper, Mahroze, 2004; Cho et al., 1984; Sales, 2006). Tas norada, ka
kunga dziedzerdalas dzilo dziedzeru apvidus laukums vel var palielinaties,
pieaugot strausu vecumam.
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2.att. Strausu kunga glotadas laukums no 120 lidz 365 dienu vecumam
(cm*:SEM)
Fig. 2 The mucosa area of the ostrich stomach from 120 to 365 days of age
(cm*:SEM)

Kunga dziedzerdalas liela loka garums, dzilo dziedzeru apvidus garums,
ka arT muskuldalas diametrs un sienas biezums piecaug no 120 lidz 365 dienu
vecumam ar straujaku pieaugumu (p<0.01) no 180 lidz 240 dienu vecumam.

Tievas zarnas morfologija

Divpadsmitpirkstu zarna (duodenum) védera dobuma labaja pusé sakas
ar paplasinagjumu no kunga muskuldalas vartnieka. To veido lejupejosa (pars
descendens) un augSupejosa dala (pars ascendens), kas veido U veida cilpu,
kuras apzarni novietojas aizkunga dziedzeris (pancreas). AugSupejosas dalas
beigas maza dala no zarnas novirzas no aizkunga dziedzera malas un izveido
sekundaro cilpu. Divpadsmitpirkstu zarna bez redzamas robezas pariet tuksaja
zarna (jejunum).
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Tuks$a zarna (jejunum) ir ietverta gara apzarni (mesojejunum), veido
plasas cilpas un ir visgaraka no tievas zarnas segmentiem. Tas pareja gizu
zarna nav izteikta, to novero apvidd, kur giizu zarnas apzarni atrodas dubultotas
aklas zarnas galotnes.

GiiZu zarna (ileum) novietota starp divam aklajam zarnam un tai ir Tss
apzarnis. Glizu zarna neveido cilpas, bet novérojamas plasas haustras un ta
atveras resnaja zarna.

Tievas zarnas absollita masa no 120 lidz 240 dienu vecumam palielinas
5.3 reizes (p<0.05), bet turpmakaja attistiba lidz 365 dienu vecumam tas masa
vairs bitiski nepalielinas, savukart resnas zarnas absolita masa turpina
palielinaties (1.tab.). Visos attistibas posmos lielako masu, no tievas zarnas
segmentiem, veido tuks$a zarna, no 120 lidz 365 dienu vecumam pieaugot 5
reizes. Tievas zarnas relativa masa visos vecuma posmos ir mazaka neka resnas
zarnas relativa masa. No 180 Iidz 240 dienu vecumam tievas zarnas relattva
masa strauji samazinas (p<0.05) Iidz 2.5+0.20% un noverojama tendence
turpmakam samazinajumam Iidz 365 dienu vecumam, veidojot 1.7+0.32% no
kermena masas. Pieaugusa strausa tievas zarnas relativa masa ir 1.1-1.2%
(ITopuecky, 2007).

2. tabula/ Table 2

Strausu tievas zarnas,tas segmentu un resnas zarnas absoliitais

garums (mm+SEM) no 120 lidz 365 dienu vecumam
Absolute length of the ostrich small intestine, its segments and
large intestine (mm+SEM) from 120 to 365 days of age

Kopgjais Tievas zarnas segmentu garums/
Vecums . .
. zarnu . . Length of small intestine segments
(dienas)/ Intestinum | Intestinum
garums/
Age tenuae crassum .
Total length Duodenum | Jejunum lleum
(days) . :
of intestine
120 7936.3+ 32983+ | 4589.7+ 639.5+ 2030.0+ 392.8+
+479.12 +352.61 +433.84 +29.26 +323.77 +22.05
180 11220.5+ | 4491.3+ 6729.3+ 820.0+ 3163.3+ 508.0+
+861.40 +496.30 | +423.42 +60.27 +405.56 +40.83
240 15697.5+ | 6080.0+ 9617.5+ 1140.0+ 4240.0+ 700.0+
+176.70 +142.42 +249.45 +20.41 +136.44 +23.45
365 16962.5+ | 61653+ | 10797.2+ 1251.0+ 4239.8+ 674.5+
+542.90 +266.56 +486.89 +32.48 +171.41 122.79

Tievas zarnas absoliitais garums bitiski pieaug (p<0.05) no 120 dienu
vecuma lidz 240 dienu vecumam, palielinoties 1.87 reizes (2.tab.). Savukart no
240 Iidz 365 dienu vecumam strausu tievas zarnas garums tikai nedaudz
pieaug, bet resnas zarnas garums turpina palielinaties. Tievas zarnas relativais
garums samazinas no 41.842.40% 120 dienu vecuma lidz 36.4+1.50%
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365 dienu vecumam, bet resnas zarnas relativais garums pieaug apgriezti
proporcionali.

Miisu iegltie rezultati par strausu tievas zarnas absolito garumu ir
atskirigi no Wanga un Penga (2008) iegtitajiem rezultatiem 334 dienu vecuma
(434.4cm), jo Latvija audzEto strausu tieva zarna ir izteikti garaka (616.5cm),
kas atbilst picaugusa strausa tievas zarnas vidéjam garumam (510-820 cm)
(Skadhauge et al., 1984; Fowler, 1991; Illanes et al., 2006; ITopuecky, 2007).
Kaut gan misu pétijuma 120 dienu vecuma strausu tievas zarnas garums ir
mazaks (329.8cm) neka citu autoru pétijumos iegitais un tikai nedaudz
palielinajies salidzinot ar Latvija audzeto strausu tievas zarnas garumu 60 dienu
vecuma (296.9 cm), tomer sasniedzot gada vecumu, Sis garums strauji
palielinas un ir lielaks neka citu autoru p&tjjumos par pieaugusiem strausiem.

Misu pétjjuma konstatets, ka strausiem 365 dienu vecuma
divpadsmitpirkstu zarnas garums irl250 mm, par 150 mm mazak neka apraksta
Wangs un Pengs (2008) 334 dienu vecuma, savukart picauguSa strausa
divpadsmitpirkstu zarnas garums sasniedz 1500 mm (Skadhauge et al., 1984).
Pieaugusa strausa tuksas zarnas garums ir 3900 mm (ITopuecky, 2007), bet
misu petijuma $is garums ir lielaks jau 365 dienu vecuma (4240 m). Jaatzimg,
ka putniem ontogenézé mainas ari tievas zarnas segmentu proporcijas,
pieméram, vistam (Gallus domesticus) no pirmas lidz 12 nedélu vecumam
tuksas un glizas zarnas garums pieaug straujak, neka divpadsmitpirkstu zarnas
garums (Obst, Diamond, 1992). Miisu p&tijuma konstatéts, ka strausiem biitiski
straujak pieaug divpadsmitpirkstu un tuks$as zarnas garumi no 120 lidz 240
dienu vecumam, savukart gizu zarnas garumam novérojama tendence
vienmérigi palielinaties visa pétitaja ontogenézes perioda.

Strausu kunga un tievas zarnas mikroskopiska uzbiive

Kunga histologiska uzbiive un tas izmainas

Kunga dziedzerdalas (pars glandularis) glotadas virskartu sedz biezs
koilina slanis (cuticula gastris). Glotada izvietoti Tsi, vienkarsi sazaroti tubulari
virsgjie dziedzeri (gll. proventriculares superficiales), kas iespiezas glotadas
pamatkarta (lamina propria mucosae) un kunga dziedzerdalas dzilo dziedzeru
apvidus dzilie dziedzeri (gll. proventriculares profundae).

Latvija audzetiem strausiem arl agraka attistibas perioda novero virs€jo
dziedzeru zaroSanos (Duritis and Mugurévics, 2007). Par dziedzeru zaro$anos
pieaugusiem strausiem apraksta arT citi autori (Bezuidenhout, Aswegen, 1990;
Illanes et al., 2006). Savukart Wangs ar kolégiem (2007) nezino par kunga
dziedzerdalas virs€jo dziedzeru zaroSanos strausu caliem 50 dienu vecuma.
Majputniem un citam putnu sugam $adu zaroSanas netiek noradita (Catroxo et
al., 1997; Jamroz et al., 2006; Kadhim et al., 2011).
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Vienkartas prizmatiskais epitélijs sedz visu dziedzeru virsmu un starp
epitelij§inam noverojamas mukopolisaharidus saturo$as Stinas. Visos vecuma
posmos dziedzerdalas virsgjo dziedzeru epit€lija parsvara noveéro neitralos un
jauktos mukopolisaharidus saturosas epitélija Siinas, bet pie dzilo dziedzeru
atverém vairak verojamas skabos un jauktos mukopolisaharidus saturosas
epit€lija Stnas.

Kunga dziedzerdala virs€jo un dzilo dziedzeru apvida virsgjo dziedzeru
dzilums palielinas no 347.1422.29 um lidz 592.2429.45 um, pieaugot strausa
vecumam (p<0.05), kas atspogulots 3. attéla.

Virsgjo dziedzeru apvidi virs§jo dziedzeru dzilums ir lielaks, neka dzilo
dziedzeru apvidi, visa pétitaja ontogenézes perioda. Butiski virs€jo dziedzeru
dzilums pieaug dzilo dziedzeru apvidii no 240 Iidz 365 dienu vecumam.
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3.att. Strausu kunga pars glandularis virséjo dziedzeru dzilums no
120 Iidz 365 dienu vecumam (um+SEM)
Fig. 3 Depth of the ostrich superficial proventriculus glands
from 120 to 365 days of age (mm+SEM)

Por¢esku (ITopuecky, 2007) norada, ka pieauguSam strausam kunga
dziedzerdalas virsgjo dziedzeru tubulu garums ir 742 pm. Salidzinot ar miisu
datiem par dziedzeru tubulu garumu 365 dienu vecuma, strausu kunpga
dziedzerdalas virs€jo dziedzeru attistiba, iesp&jams, V&l turpinasies péc gada
vecuma. Vistu caliem 40 dienu vecuma kunga dziedzerdalas glotadas biezums
noradits no 690—731 um (Jamroz et al., 2006) un to ietekmé& &dinasanas veids.
Ar1 Japanas paipalam 45 dienu vecuma ir Iidzigs dziedzerdalas glotadas
biezums 670 um (Ahmed et al., 2011).

Dzilie dziedzeri (gll. proventriculares profundae) veido kunga
dziedzerdalas dzilo dziedzeru apvidus sienas pamatmasu. Tie sakartoti
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daudzstiirainas daivinas, kuru parenhimas laukums visa novérotaja ontogenézes
perioda veido no 91.7% lidz 94.2% no kopgja dziedzeru laukuma. Katru
daivinu veido tubulari dziedzeri, kas atveras tercialajos un sekundarajos
izvados un savienojas centralaja dobuma. Dziedzeru tubulas izklaj zemas
kubiskas un prizmatiskas epitélijStinas, kuras uz primarajiem izvadiem satur
dazadas mukopolisaharidu granulas. Izvert€jot miisu petijuma iegltos
rezultatus par mucina granulu esamibu dzilo dziedzeru epit€lijStinas, mucina
granulas ir novérojamas visos pétitos ontogenézes periodos primarajas izvadu
ejas, ka ari dziedzeru centralajos dobumos, ko veido sekundaras ejas, ka ari
tercialo izvadu galos. Bezuidenhout un Aswegen (1990) norada, ka tikai

ey —

mucina granulas nav sastopamas.

Literatfira ir sastopami divi viedokli par kunga dziedzerdalas dzilo
dziedzeru novietojumu kunga sienina. DaZi autori apgalvo, ka kunga dzilie
dziedzeri atrodas glotadas pamatkarta un novérojama glotadas muskulplatnite
ap dziedzeru daivinam (Bezuidenhout, Aswegen, 1990; ITopuecky, 2007), bet
citi autori uzskata, ka dzilie dziedzeri novietoti zemglotada (Illanes et al., 2006;
Wang et al.,, 2007, Duritis and Mugurévi¢s, 2007). Masu pétjjuma kunga
dziedzerdala dzilie dziedzeri novietoti glotadas pamatkarta un glotadas
muskulkarta, kaut gan zem tiem vietam nav vérojamas zemglotadas struktiras,
kas liecina, ka nov€rojamie saistaudi dziedzeru stroma pieskaitami
zemglotadai. Domajams, ka dzilo dziedzeru izvietojums glotada ir saistits ar
strausu vecumu.

Glotadas pamatkarta (lamina propria mucosae) satur elastigas un
kolagénas Skiedras, asinsvadus un nervu pinumus. Ta kopa ar glotadas
muskulplatniti (lamina muscularis mucosae) veido dziedzeru kontdiras un
iezZimé daivinas formu. Visos vecuma posmos kunga dziedzerdala novérojama
labi attistita glotadas muskulplatnite.

Zemglotadas (tela submucosa) saistaudu struktiiras ir izSkiramas, bet
vietam tas iztrikst vai noverojamas starp dziedzeru daivinam.

Muskulkarta (tunica muscularis) labi attistita visu vecuma grupu putniem.
Dzilo dziedzeru apvidi ta ir planaka neka virsgjo dziedzeru apvidi.
Muskulkartu veido divi muskulslani — iek$gjais cirkularais slanis, kas ir izteikti
biezaks, un planaks, argjais gareniskais slanis.

Seroza (tunica serosa) veido kunga dziedzerdalas argjo slani, tas sastav no

mezotélija $inam un irdenajiem saistaudiem. Ta satur ar1 asinsvadus un nervu
pinumus.

Kunga muskuldalai ir bliva struktiira. Glotadas virskartu, lidzigi ka
dziedzerdala, sedz koilina slanis (cuticula gastris). Visas vecuma grupas kunga
limena atveras vairaki zaroti tubulari kunga dziedzeri (gll. ventriculares), kas
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iespiezas glotadas pamatkarta. Dziedzeru zarojums un garums palielinas,
pieaugot strausu vecumam. Latvija audz€tiem strausiem noveérots, ka pirmajas
dzives dienas pec izskilSanas Sie dziedzeri ir vienkar$i tubulari, bet gada
vecuma tie ir zaroti (Diritis, Mugurévics, 2007).

Kunga dziedzeri (gll. pyloricae) pilorus zona ir vienkar$i tubulari
dziedzeri ar stipri zarotam sekretorajam dalam. To izklajosas Stinas ir zemas
vienrindu prizmatiskas, pat kubiskas. Tomeér virs piloriskajiem dziedzeriem
novérojamas barkstinas pie kunga parejas tievaja zarna. Barkstinas klaj
prizmatisks epitelijs ar izteiktam mukopolisaharidus saturosam kausveida
Sunam.

Kunga muskuldalas dziedzeru apikalajos galos aktivi sekret€josas $tinas ir
augstakas un, distali no kodola, citoplazma atrodas bali ickrasotas sekretoras
granulas To bazala dala epitclijStinas ir zemakas ar vaji krasotiem S$iinu
kodoliem un bez sekretora mucina granulam. Kunga muskuldalas epitélija
visvairak novérojamas neitralos, bet starp tam ir arT jauktos un skabos
mukopolisaharidus saturosas $tinas. AtSkirigs ir apvidus pie pylorus atveres, kur
vairak nov€rojamas skabos un jauktos mukopolisaharidus saturo$as S$iinas.
Lidzigu ainu apraksta Ahmed ar kol€giem (2011) Japanas paipalam. Vairaku
autori uzsver Ipatnibu, ka vistam un perlvistam noverojamas jauktos un skabos
mukopolisaharidus saturo$as Siinas, bet limena esoSais koilins satur neitralos
mukopolisaharidus (Pastor et al., 1998; Selvan et al., 2008).
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4.att. Strausu kunga pars muscularis kompakta slana biezums
no 120 Iidz 365 dienu vecumam

Fig. 4 Thickness of the compact layer of the ventriculus from
120 to 365 days of age

Glotadas pamatkarta (lamina propria mucosae) sastav no irdenajiem
saistaudiem, ir labi attistita un taja iestiepjas tubulari dziedzeri. Glotadas
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pamatkarta novéro ari asinsvadus un limfvadus. Kunga muskuldala ir blivs
zemdziedzeru slanis.

Strausu kunga pars muscularis sieninas $kérsgriezuma zemdziedzeru
slana biezums, pieaug no 370.2+53.99 pm lidz 488.7+72.49 um visa pétitaja
ontogenézes perioda ar straujaku pieauguma tendenci no 180 Iidz 240 dienu
vecumam (4.att.).

Kunga muskuldalas piloriskas atveres apvidai zemdziedzeru slana biezums
ir svarstigs visa pétitaja ontogenézes perioda no 223.0452.80 um lidz
390.5£22.41 um. Porcesku (ITopuecky, 2007) ir noradijis, ka ta biezums
picaugusiem strausiem var sasniegt no 500 lidz 1500 um. Misu pé&tijuma
rezultati liecina, ka pieaugot strausu vecumam, zemdziedzeru slanis, iesp&jams,
péc gada vecuma vél var palielinaties.

Glotadas muskulplatniti (lamina muscularis mucosae) veido gludas
muskulskiedras. Tas ir attistitas fragmentari un dazviet vispar iztrikst, savukart
vietam iespiezas starp kunga dziedzeriem (gll.ventriculares).

Muskulslanis (tunica muscularis) ir biezs, veidots no vairakam kartam,
kuras savieno plana blivu saistaudu karta ar asinsvadiem un nervu pinumiem.
Muskulslanis klost biezaks pieaugot strausa vecumam, ta muskul$iinas
izkartotas dazados virzienos verstos kilisos.

Serozo apvalku (tunica serosa) veido irdenie saistaudi un mezotélija $tinu
karta.

Tievas zarnas histologiska uzbiive un tas izmainas

Divpadsmitpirkstu zarnas (duodenum) barkstinas 120 dienu vecuma ir
tievas un garas. Barkstinu sedzoSais prizmatiskais epitélijs 1idz 240 dienu
vecumam ir izklats vilpveidigi. ArT Bezuidenhout, Aswegen (1990) ir
aprakstijusi epit€lija vilnveida izkartojumu pieaugusiem strausiem.

Barkstinu garengriezums 120 un 180 dienu vecuma veido lauztu Iiniju
rakstu, kas pakapeniski izzlid, pieaugot strausa vecumam un 365 dienu vecuma
vairs nav saskatams. Kaut gan PorCesku (ITopuecky, 2007) apraksta arl
pieaugusu strausu divpadsmitpirkstu zarnas barkstinu lauztas Itijas veidojosu
rakstu.

Sakot ar 120 dienu vecumu ir ve€rojama barkstinu primara zarosanas un
vietam barkstinu sapliiSana, bet no 180 dienu vecuma var noveérot barkstinu
galotnu zaroSanos divos zaros, 240 dienu vecuma jau novérojama ar1 sekundara
zaro$anas — barkstinas vidusdala un vél viena zaroSanas katra barkstinas zara
galotng. Savukart 365 dienu vecuma barkstinu zaroSanas ir vérojama jau arl pie
barkstinas pamata un maz izteikta sekundara zaroSanas barkstinas vidusdala,
vai barkstinas galotng.
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Divpadsmitpirkstu zarnas barkstipas 120 dienu vecuma noveérojama
limfoido $tinu infiltracija, bet jau 180 dienu vecuma pie barkstinu pamatnes
veidojas atseviSski limfoido audu sakopojumi. Daudzi limfoido audu
sakopojumi 240 dienu vecuma ir verojami zarnu barkstinu pamatng, ka ari
limfoido $tnu infiltracija visa barkstinas garuma, ta rezultata palielinot
barkstinas diametru

Tuks$as zarnas (jejunum) sieninas histologiska uzbtve lidzinas
divpadsmitpirkstu zarnai. Tas glotadu klaj vienkartas prizmatiskais epitélijs,
kas ir nedaudz vilpots, Sis vilpojums saglabajas lidz 365 dienu vecumam.
Barkstinas saplist, ka arT to galos ir v@rojama zaroSanas. Barkstinas veido
lauztu Iiniju rakstu, bet viena mald tas ir taisnas. Sadu ainu apraksta ari
Poréesku (ITopuecky, 2007) papildinot, ka viena zarnas sienas mala ir
muskulapvalka sabiezinajums, kas veido masivu kroku. Miisu pétijuma Sada
struktiira konstateta strausiem no 180 dienu vecuma, ta saglabajas un palielinas
l1dz 365 dienu vecumam.

GiiZzu zarnas (ileum) barkstinu epitélijs at$kiriba no iepriek$&jiem tievas
zarnas segmentiem, nav vilpots. Vietam visu vecumu grupu strausiem veérojama
barkstinu zaroSanas, vai sapliiSana, tacu retak neka divpadsmitpirkstu zarna.
Pieaugot strausu vecumam glotadas kriptas klust dzilakas, no 180 dienu
vecuma tas jau izkartojas viena otrai blakus, ko uzsver ari citi autori (Wang,
Peng, 2008).
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5.att. Strausu tievas zarnas barkstinu garums no 120 Iidz
365 dienu vecumam
Fig. 5 Length of the ostrich small intestine villi from 120 to
365 days of age

Veicot tievas zarnas barkstinu merfjumus, konstatgjam, ka barkstinu
garums, kas atainots 5. attela, divpadsmitpirkstu zarna pieaug nol20 Iidz
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365 dienu vecumam (attiecigi no 1445.5 um Iidz 2672.4 pm), kaut gan Wang
un Peng (2008) jau 90 dienu veciem strausiem konstat€jusi 2983 pm, bet
334 dienu veciem 4233 pm garas divpadsmitpirkstu zarnas barkstinas.

Miisu veiktaja pétijuma jau 240 un 365 dienu vecuma visgarakas bija
tuksas zarnas barkstinas, kaut gan Wang un Peng (2008) p&tijuma no 1 lidz 334
dzives dienai tuksas zarnas barkstinas bija Tsakas neka divpadsmitpirkstu zarna.
Poréesku (ITopuecky, 2007) zino, ka visgarakas tievas zarnas barkstinas
pieaugusiem putniem ir divpadsmitpirkstu zarnas un tuksas zarnas sakumdala
(vistam 1380+£200um, strausiem 1600+120 pm), bet giizu zarna strausiem tas ir
butiski Tsakas (240426 pum). Misu pétijums parada, ka barkstipu garums
strausu divpadsmitpirkstu zarna un gizu zarna 120 dienu vecuma ir vienads,
bet visgarakas barkstinas $aja vecuma perioda ir tukSaja zarna. Sakot ar 180 un
lidz pat 365 dienu vecumam barkstinu garums divpadsmitpirkstu zarna ir
izteikti lielaks neka giizu zarna. Tuk$as zarnas barkstipu garums 180 dienu
vecuma ir 1idzigs ka divpadsmitpirkstu zarna, kaut gan pargjos vecuma posmos
tuksas zarnas barkstinu garums ir lielaks neka divpadsmitpirkstu un gizu zarna.

Vismazakais barkstinu diametru visos vecuma posmos ir
divpadsmitpirkstu zarna. Savukart tuksas un gizas zarnas barkstinu diametrs ir
salidzino$i vienads visas vecuma grupas. Tievas zarnas segmentu barkstinu
diametra pieauguma atskiribas nav bitiskas neviena no pétitajiem vecuma
posmiem.

Pieaugot strausu vecumam mainas tievas zarnas segmentu barkstinu
garengriezuma laukums, 120 un 180 dienu vecuma tas ir visliclakais
divpadsmitpirkstu zarna, savukart 240 un 365 dienu vecuma barkstinu
garengriezuma laukums ir lielaks tukSaja zarna. Zarnu barkstinu garengriezuma
laukums visos vecuma posmos giizu zarna veérojams ka vismazakais, ar
tendenci pieaugt [idz 365 dienu vecumam.

Kausveida Stinu daudzums tievas zarnas glotada picaugot strausu
vecumam pakapeniski samazinas, bitiski straujaks samazinajums (p<0.05)
verojams no 180 Iidz 240 dienu vecumam, kaut gan konstatetas svarstibas
atkariba no tievas zarnas segmenta (6.att.). Kausveida §tnu skaita straujakas
izmainas tievas zarnas glotada no 180 Iidz 240 dienu vecumam, iespgjams,
izskaidrojamas, ar dazadiem turéSanas, kopsanas apstakliem un &dinasanas
veidu. Lielakais kausveida Stnu daudzums no
120 lidz 240 dienu vecumam ve€rojams giuzu zarnas, bet mazakais
divpadsmitpirkstu zarnas glotada.

Yan ar kolégiem (2011) veicot pétijumus par kausveida $inu skaita
izmainam dazadu faktoru ietekm& Zzurku intestinala kanala glotada, izvirza
skaidrojumu, ka gtizu zarna, anatomiski novietota starp tievo un resno zarnu, ir
neaizsargata pret mikroorganismiem un ir ar vaju imiino sist€ému. Lai
kompenseétu So iminsisteémas deficitu, kausveida Stinu skaits gizu zarna ir
lielaks neka divpadsmitpirkstu un tuksaja zarna.
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Jaatzimé, ka Wang un Peng pétfjuma 334 dienu vecuma kausveida $tinu
blivums divpadsmitpirkstu zarnas barkstinas ir vienads vai nedaudz mazaks
neka 45 dienu vecuma. Interesanti, ka Wang un Peng (2008) petijuma 90 dienu
vecuma divpadsmitpirkstu zarnas barkstipas ir tikai 1000 §Gnas/mm? un 334
dienu vecuma 1356 kausveida $iinas/mm”. Savukart misu pétijuma 120 dienu
vecuma ir 2674 kausveida §iinas/mm?, kas ir divas ar pus reizes vairak neka 90
dienu vecuma pec Wang, Peng (2008) rezultatiem. Neraugoties uz to, 365
dienu vecuma miisu pétijuma, ir novérotas 1224 kausveida $tnas/mm’ kas
salidzinosi atbilst Wang un Peng datiem.

Kausveida $tnam ir svariga funkcionala loma tieva zarna, jo to razotais
mucins aizsarga zarnu epitélija $tinas un nodrosina vielu transportu no zarnu
limena uz $tinu membranu. Kausveida $tnu daudzumu ietekm& &dinasanas
veids, ta maina, nodroSinot organisma adaptaciju jaunajiem apstakliem
(Dunsford et al., 1991; Smirnow et al., 2006).
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6.att. Kausveida Siinu skaits (:SEM) strausu tievas zarnas segmentu
barkstinu garengriezuma no 120 Iidz 365 dienu vecumam
Fig. 6 Number of the goblet cells (:SEM) in the villi longitudinal sections
of the ostrich small intestine segments from 120 to 365 days of age

Izvertejot kausveida Stnu kvalitativo sastavu visos tievas zarnas
segmentos, lielako Tpatsvaru Iidz 85% veido jauktos mukopolisaharidus
saturo$as kausveida §tnas, skabos Iidz 34%. Vismazako Tpatsvaru visos vecuma
posmos no 1 1idz 13% veido neitralos mukopolisaharidus saturosas kausveida
Stinas.

Kausveida stnam ir liela nozime zarnu aizsardziba pret infekcijam
(Deplanske, Gaskins, 2001) un parazitozém (Kim, Khan, 2013), ka rezultata
noveéro, ka neitralie mukopolisaharidi parveidojas par ska@bajiem
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mukopolisaharidiem. Iesp&jams, tapéc misu pétjjuma 120 un 180 dienu
vecuma strausu tievas zarnas kopg€jais kausveida Stnu lielais skaits saistits ar
kadu no jau iepriek$ mingtajiem faktoriem.

Kunga un divpadsmitpirkstu zarnas intralumenalais pH

Misu pétijums rada, ka kunga dziedzerdalas intralumenalais pH pie
baribas vada atveres svarstas robezas no 3.2 lidz 3.7. Savukart visa pétitaja
strausu attistibas perioda kunga dziedzerdalas fundus apvida intralumenalais
pH Iimenis svarstas robezas no 2.4 lidz 2.9, bet muskuldalas intralumenalais pH
limenis no 3.0 Iidz 3.8. Misu rezultati nedaudz atSkiras no DiriSa un
Mugurévica (2011) 60 dienu vecu strausu kunga dziedzerdalas un muskuldalas
intralumenala pH Iimeniem. Seit janem véra, ka miisu p&tijums uzrada nedaudz
augstaku pH Iimeni, bet tas v&l joprojam ir skabs. Citi pétjjumi pierada
(Sturkie, 1976; Jimenez—Moreno et al., 2009), ka kupga intralumenala pH
Itmenis ir mainigs, tas nav stabils un ir atkarigs no baribas uzpemsanas
periodiem, kas, iespgjams, varétu izskaidrot miisu p&tjjuma iegiitos rezultatus,
jo putni pirms nokausanas netika badinati.

Divpadsmitpirkstu zarna intralumenalais pH limenis péc misu datiem
pieaug (p<0.01) visa novérotaja ontogenézes perioda no 6.4 lidz 7.1. Vairaku
autoru pétfjumi (Swart, 1993; Sales, 2006; Skadhauge, et al., 1984) saskan ar
misu iegiitajiem rezultatiem par strausa intralumenalam pH veértibam tievaja
zarna. Petnieki norada, ka tievas zarnas sakumdala pH vertiba bitiski
paaugstinas sasniedzot 6.9, bet giizu zarna ta sasniedz pat 6.9-7.6. Interesanti,
ka vistu divpadsmitpirkastu zarna $1 vertiba ir mazaka (robezas no 5.7 lidz 6.0),
butiski nemainoties dazados postnatalas attistibas posmos (Sturkie, 1976).

Gastrina, somatostatina un grelina imunoreaktivo Siinu
izplatiba strausu kunga un tievas zarnas glotada

Gastrina imunoreaktivo (IR) Sunu klatbutne konstatéta strausu kunga
glotada pilorisko dziedzeru apvidii un visu tievas zarnas segmentu glotada,
visos pétitajos postnatalas attistibas posmos. Kunga dziedzerdalas virsgjo un
dzilo dziedzeru glotadas apvidi gastrina imunoreaktivas (IR) Stnas nav
atrastas. Savukart starp virsgjiem dziedzeriem kunga muskuldalas glotada tikai
daziem 180 un 240 dienas veciem strausiem ir novérojamas atseviskas gastrina
IR sionas. Ir atseviski pétfjumi, kuros konstatets, ka gastrina IR $iinas
lokalizeétas putnu kunga dziedzerdalas virs€jos un dzilajos dziedzeros (Yamada
et al., 1985). Caliem ir konstatts, ka gastrina IR S$tnas kunga glotada
inkubacijas perioda ir vairak, bet p&c izskilSanas to daudzums samazinas
(Aksoy, Cinar, 2009).

Kunga pilorisko dziedzeru apvidi gastrina IR Stnu skaits Latvija
audzétiem strausiem 60 dienu vecuma bija ap 494 §inas/mm’ (Duritis et al.,
2013), savukart miisu pétjjuma dati liecina, ka 240 dienu vecuma $iinu skaits
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palielinas tikai lidz 200 $Gnas/mm’, bitiski straujak tas pieaug no 120 lidz 240
dienu veciem strausiem (p<0.05). Misu iegiitais nelielais gastrina IR $Gnu
skaits kunga pilorisko dziedzeru apvidid, salidzinagjuma ar citu autoru
petijumiem citam putnu sugam (Okamoto, Fujii, 1980; Rawdon, Andrew, 1981;
Kitamura et al., 1985; Alison, 1989; Yamada et al., 1989; Saito, 1989; Ku et al.,
2001; Lee et al., 2010), nenorada uz atSkirigiem gremoSanas procesiem vai
samazinatu kunga skabes un pepsina izdali no kunga dziedzeriem, bet gan uz
dazam So procesu TIpatnibam strausiem. lespgjams, ka visa salsskabes
producéSana nav atkariga tikai no gastrina, to ietekmé& ari acetilholins
(neirokrinais stimulators) un histamins (parakrinais stimulators) (Cunningham,
Klein, 2007; Dockray, 1999). Lidz ar to ir nepieciesami padzilinati p&tjjumi par
to aktivitati. Mlsu p&tijuma dati rada, ka, neatkarigi no zema gastrina IR $tnu
skaita starp strausu kunga dziedzeriem, strausu kermena masa 365 dienu
vecuma lidzinas citos klimatiskajos apstaklos audz&tu putnu kermena masai
gada vecuma un putni bija klniski veseli.

Misu pétijums rada, ka gastrina IR Siinas lokaliz&jas divpadsmitpirkstu,
tuk$as un giZu zarnas glotada. Visos attistibas periodos strausu
divpadsmitpirkstu zarna gastrina IR $tinu skaits ir lielakais, bet mazakais giizu
zarnas glotada. Citi p&tnieki konstatgjusi pieaugusu vistu intestinala kanala tikai
dazas gastrina IR Stinas divpadsmitpirkstu un tukSaja zarnas glotada, giizu zarna
nenoveérojot nevienu gastrina IR §tinu (Yamanaka et al., 1989). Lidz ar to
vistam gastrina IR §tinu skaits ir mazak tievas zarnas glotada, neka strausiem
misu petijuma.

Somatostatina IR $tnas kupga glotada péc misu datiem konstatétas
dziedzerdalas dzilajos un kunga muskuldalas pilorisko dziedzeru apvida. Dazas
somatostatina IR $tinas atsevisSkiem strausiem visas vecumu grupas sastopamas
arl kunga dziedzerdalas un muskuldalas virsgjos dziedzeros. Kunga dzilajos
dziedzeros somatostatina IR S$iinu skaits lidz 180 dienu vecuma butiski
samazinas, salidzinot ar citiem vecuma posmiem. Savukart Iidz 360 dienu
vecumam to daudzums pieaug bitiski straujak un sasniedz lielako $tinu skaitu
no visiem pétitajiem segmentiem. 180 un 240 dienu vecuma kunga pilorisko
dziedzeru apvidii novérojams vairak somatostatina IR $tinu neka dziedzerdalas
dzilo dziedzeru apvidi. Jaatzime, ka kunga pilorisko dziedzeru apvida Iidz 60
dienu vecumam Latvija audz&tiem strausiem novero vairdk Stnu neka
dziedzerdalas dzilo dziedzeru apvida (Duritis et al, 2013). Miisu p&tijuma $ada
aina ir veérojama tikai 180 un 240 dienu veciem strausiem. Tarak¢i ar kolegiem
(2008) ari norada, ka pieaugusiem strausiem somatostatina IR $iinas kungi
vairak ir dziedzerdalas dzilajos dziedzeros, bet tikai dazas Stinas muskuldalas
virs§jos dziedzeros, kas sasaucas ar miisu pétijuma rezultatiem, diemz€l, autori
nav sniegusi datus par pilorisko dziedzeru apvidu.

Miusu pétijuma somatostatina IR $iinas konstatetas visu tievas zarnas
segmentu glotada. Visu tievas zarnas segmentu glotada 120 dienu vecuma
somatostatina IR §tinu daudzums ir salidzinosi liels, savukart 180 dienu vecuma
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$o stnu daudzums glotada krasi samazinas (p<0.05). Lielakais somatostatina IR
stnu skaits konstatets divpadsmitpirkstu zarna, savukart tuksas zarnas glotada
to skaits 120 dienu vecuma lidzinas skaitam giizu zarna, bet 240 un 365 dienu
vecuma tuksas zarnas glotada to ir divas reizes vairak neka gizu zarna. Arl
citiem putniem somatostatina IR $iinas vairak novéro divpadsmitpirkstu zarna
(Mendes et al., 2009), neka tuksas zarnas glotada, bet gizu zarnas glotada to ir
mazak, vai novérojamas tikai atseviskas Stinas (Yemanaka et al., 1989).

Grelina IR S§Gnas misu pétijuma ir Kkonstatétas strausu kunga
dziedzerdalas dzilajos dziedzeros, kunga muskuldalas virsgjos dziedzeros un
pilorisko dziedzeru apvidi no 120 Iidz 240 dienu vecumam. Grelina IR $iinas
neviena no pétitajiem postnatalas attisttbas posmiem nav atrastas kupga
dziedzerdalas virs€jos dziedzeros. No visam kunga dalam visvairak grelina IR
§tnu ir kunga dziedzerdalas dzilajos dziedzeros, ar tendenci to daudzumam
pieaugt lidz 240 dienu vecumam, savukart kupga muskuldalas virsgjos
dziedzeros grelina IR $tnas novérojamas salidzino$i mazaka skaita. Kunga
muskuldalas pilorisko dziedzeru apvidi grelina IR §inu daudzums ir lielaks
neka muskuldalas virsgjo dziedzeru apvidii ar tendenci to skaitam pieaugt lidz
240 dienu vecumam. Savukart 365 dienu vecuma grelina IR S$tinas nav
konstatétas neviena no kunga dziedzeru apvidiem.

Misu pétijuma iegitie rezultati rada, ka grelina IR Slinas sastopamas visos
tievas zarnas segmentos visas pétitajas strausu vecumu grupas. To daudzumam
ir tendence samazinaties lidz 365 dienu vecumam, neliels So Stunu skaita
pieaugums vérojams no 180 lidz 240 dienu vecumam. Vislielakais grelina IR
sunu skaits sastopams divpadsmitpirkstu zarna, bet mazakais tuk$as zarnas
glotada visos vecuma posmos. Glizu zarnas glotada grelina IR $§tinu skaits
pirmajos divos attisttbas posmos ir pat divas reizes mazaks neka
divpadsmitpirkstu zarna, iznemot 365 dienu vecumu, kad to blivums ir lidzigs.
Sadi rezultati iegiti ari vistu calu tievas zarnas glotada (Neglia et al., 2005).

Wangs ar kolégiem (2009) Afrikas strausiem 334 dienu vecuma grelina
imunoreaktivas §tinas ir konstat&jusi visa gremosanas kanala glotada. Visvairak
grelina imunoreaktivo $tinu ir kunga pars glandularis, to blivums pakapeniski
samazinas virziena uz taisno zarnu. P&tnieki norada, ka grelina IR Stnu
izplatiba mainas Iidz ar vecumu un var bit saistita ar zarnu attistibu (Wang et
al., 2009; Wang et al., 2011).
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SECINAJUMI

. Strausu kermena, kunga un zarnu absoliita masa palielinas (p<0.05) no 120
lidz 365 dienu vecumam. Kermena masa straujak pieaug no 180 lidz 365
dienu vecumam (p<0.05). No 120 lidz 240 dienu vecumam strauji palielinas
(p<0.05) kunga un tievas zarnas absoliita masa, samazinoties to relativajai
masai. Strausu kupga muskuldalas un dziedzerdalas absolitas masas 120
dienu vecuma ir gandriz vienadas, ta¢u turpmakaja attistibas perioda kunga
muskuldalas masa ievérojami pieaug un 240 dienu vecuma ir 3 reizes
lielaka par kunga dziedzerdalas masu. Saja laika strauji pieaug arf kunga
muskuldalas sieninas biezums.

. Kunga glotadas laukums palielinas no 120 lidz 365 dienu vecumam
(p<0.05). Kunga dziedzerdalas virséjo dziedzeru apvidus laukums un
virs€jo dziedzeru dzilums ir lielaks neka dzilo dziedzeru apvidid visa
pétamaja ontogenézes perioda. Dzilo dziedzeru apvidu virsgjo dziedzeru
dzilums bitiski palielinas (p<0.05) no 240 Iidz 365 dienu vecumam.

. Strausu kopgjais zarnu garums no 120 lidz 365 dienu vecumam palielinas 2
reizes, ar straujaku pieaugumu no 120 Iidz 240 dienu vecumam (p<0.05).
No 120 Iidz 365 dienu vecumam samazinas strausu tievas zarnas relativais
garums, lidz ar to main3s tievas un resnas zarnas garumu attieciba no 1.4
lidz 1.8.

. Tievas zarnas barkstinu garums, diametrs un Skérsgriezuma laukums
palielinas, pieaugot strausu vecumam. Visgarakas barkstinas ir tukSaja
zarna, bet visisakas, ar mazako laukumu, gGzu zarna. Barkstinu
Skérsgriezuma  laukums lidz 180 dienu vecumam ir lielaks
divpadsmitpirkstu zarna, bet no 240 dienu vecuma tuksaja zarna.

. Kopgjais kausveida $iinu skaits glotadas laukuma vieniba lidz 180 dienu
vecumam ir lielaks gizu zarna, mazaks divpadsmitpirkstu zarna. Savukart
365 dienu vecuma kausveida Stinu skaits ir lielaks divpadsmitpirkstu zarna.
Tievas zarnas barkstinas lielaka skaita ir sastopamas jauktos, divreiz mazak
skabos un neliela skaita neitralos mukopolisaharidus saturo$as kausveida
Sunas.

. Zemakais intralumenala pH limenis ir kunga dziedzerdalas dzilo dziedzeru
apvidi, tas neparsniedz pH 3.0. Divpadsmitpirkstu zarnas intralumenalais
pH no 120 Iidz 365 dienu vecumam bitiski pieaug (p<0.01) sasniedzot
pH 7.0.
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7. Gastrina un somatostatina IR SGnas no 120 Iidz 365 dienu vecumam
sastopamas kunga pilorisko dziedzeru apvida un tievas zarnas glotada.
Somatostatina IR $tGnas novérojamas ari kunga dziedzerdalas dzilajos
dziedzeros, atseviS$kas S$unas Kkonstatétas kunga dziedzerdalas un
muskuldalas virs€jos dziedzeros. Gastrina un somatostatina IR $iinu skaits ir
svarstigs, ar tendenci pieaugt, palielinoties strausu vecumam.

8. Grelina IR $@inas novérojamas kunga dziedzerdalas dzilajos dziedzeros,
muskuldalas virs€jos un piloriskos dziedzeros no 120 Ilidz 240 dienu
vecumam ar tendenci to daudzumam picaugt palielinoties strausu vecumam.
Tievas zarnas glotada grelina IR Stinas sastopamas visa pétitaja attistibas
perioda.
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INTRODUCTION

The African ostrich is the largest and the heaviest flightless running bird
in the world. They are kept for eggs, meat, feathers and leather. Ostriches are
reared in more than 50 countries in the world — Germany, Denmark, Mexico,
and Russia, even in the countries with more severe climatic conditions such as
Sweden, Northern Canada and Norway. However, most of ostrich farms are in
South Africa. In Latvia, ostrich farming started developing in 2003 when their
keeping was aimed at obtaining meat as well as leather and chickens for herd
development. In 1 July 2010, there were registered 225 ostriches in Latvia but
in 2013 — 170 ostriches (Agricultural Data Centre).

In the world, ostriches are mainly reared for meat because its fat and
cholesterol level is low. The production yield depends on several factors
including development of the digestive canal, especially the stomach and small
intestine. The process of digestion, chemical conversion and absorption of the
ingested feed takes place in the stomach and small intestine that plays an
important role in the metabolic processes. Alongside, the development of the
digestive canal affects the bird’s general health condition, its growth, the body
weight optimal increase in particular.

In the ostrich digestive canal, in comparison with that in domestic poultry,
differences are observed. In many birds, feed is stored in the crop, but in the
ratites it is not developed, therefore the storage functions of the ingested feed
and water are performed by the proventriculus. In the ostrich proventriculus,
there is a relatively small region of the deep proventriculus glands and larger of
the superficial proventriculus glands, while in hens deep proventriculus glands
are present throughout the proventriculus. In the wild, ostriches feed on
products of the plant kingdom, thus they have a well-developed large intestine
which makes the largest intestinal part. The small intestine in an adult ostrich is
approximately 7.5 m long, and the large intestine is16 m long.

In the world, investigations on the structure of digestive canal have been
performed in ostriches till 100 days of age and in adult birds, but there is
insufficient information on the development of the digestive canal from
100 days to one year of age and in adult ones.

The present thesis is a sequel of investigation on the development of
stomach and small intestine till 60 days old ostrich chickens reared in Latvia.
Till now in Latvia, investigations have been carried out on the distribution of
gastrin, somatostatin immunoreactive cells in the stomach and intestinal
mucosa till 60 days old ostriches reared in Latvia, but there have not been
studies on ghrelin immunoreactive cells distribution in the gastrointestinal
canal.

Therefore, the aim of the present work was to investigate some macro-
and micromorphological parameters of the ostrich stomach and small intestine
in postnatal ontogenesis at the age of 120, 180, 240 and 365 days.
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Obijectives of the doctoral thesis

. To find out the ostrich stomach and small intestine morpho- and
massometric parameters and their ratios from 120 to 365 days of age.

. To evaluate microscopic structural changes of the ostrich stomach and small
intestine wall during the research period.

. To evaluate the ostrich stomach and duodenum intraluminal pH level as
well as to estimate the quantitative and qualitative composition of secretion
of the goblet cells in the small intestine.

. To evaluate the occurrence of gastrin, somatostatin and ghrelin
immunoreactive cells in the mucosa of the ostrich stomach and small
intestine.

Scientific novelty of the research

The first morphometric investigations on the stomach and small intestine of
the African ostrich reared in Latvia from 120 to 356 days of age.

Analysis of histological structure of the ostrich stomach and small intestine
and the obtained data on the changes of their morphological parameters.
Obtained and analyzed data on the ostrich stomach and duodenum
intraluminal pH.

Estimated composition of the mucopolysaccharides present in the stomach
and small intestine canal, amount of the goblet cells and its changes in
ostriches from 120 to 365 days of age.

The first in Latvia investigation of the ghrelin immunoreactive cells in the
mucosa of the ostrich stomach and small intestine.

Approbation of the research results

Research results are approbated in the following scientific conferences:
The 64" Annual Meeting of the European Federation of Animal Science,
Nantes, France, 26-30™ August 2013. Changes of the resorption surface
area of the small intestinal villi of ostriches in ontogenesis.

19" International Scientific Conference "Research for Rural Development
2013", Jelgava, Latvia, 15-17™ May 2013. Morpho-metric and maso—
metric parameters of the stomach in postnatal ontoghenesis the African
ostrich (Struthio camelus).

International Scientific Conference ,,Animals. Health. Food Hygiene”.
Jelgava, Latvia, 22-23™ November, 2012. Changes of the intestinal
weight and length of ostriches (Struthio camelus var. domesticus) raised
in Latvia from day 120 to day 360 of life.

19" Baltic and Finish Poultry Conference. Latvia, Riga, 18-19" October,
2012. The intraluminal pH changes of the stomach and duodenum of
African ostrich (Struthio camelus var. domesticus) in ontogenesis.
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5. 20" Congress of European Association of Veterinary Anatomists, Stara
Zagora, Bulgaria, 25-28" July, 2012. Development of proventriculus in
ostriches raised in Latvia.

6. The 5™ Combined Workshop: Fundamental Physiology of the European
Working Group of Physiology and Perinatal Development in Poultry.
Wagening, The Netherlands, 31" August — 3™ September, 2011. Total
protein, albumin, calcium and phosphorus levels in blood in African
ostrich chicks of different ages in Latvia.

7. International Scientific Conference ,,Animals. Health. Food Hygiene”.
Jelgava, Latvia, 29" QOctober, 2010. Morphometric parameters of the
ostrich (Struthio camelus var. domesticus) small and large intestine
during the perinatal period.

Volume of the research: the doctoral thesis contains 108 pages
consisting of annotation, introduction, and survey of the scientific sources,
research methods, and results of investigations, 4 Tables, 66 Figures,
discussion, 8 conclusions, 125 references and 12 annexes.

MATERIAL AND METHODS
Time and object of the research and its characterization

The research has been performed in the Morphofunctional laboratory of
the Preclinical Institute of the Faculty of Veterinary Medicine Latvia University
of Agriculture (LUA) from 1 September 2010 to 31 August 2013.

In the research, 18 ostrich specimens of both sexes were made use of and
distributed in four age groups. In group 1, there were four ostriches 120 days of
age and in group 2 — four ostriches aged 180 days which were reared in the
Clinic of Experimental Animals of the Faculty of Veterinary Medicine LUA. In
group 3, there were four ostriches at the age of 240 days reared on the farm
Indani. Group 4 included six 365 days old ostriches reared on the farm Ozolini
AB, Latvia. The body weight of the ostrich group 1 and 2 was estimated after
slaughter, whereas ostriches of group 3 and group 4 were estimated live weight.

Postmortem examination of the stomach and intestines

When birds were slaughtered, the intraluminal pH was estimated in the
proventriculus at the entrance of oesophagus, in the area of deep proventriculus
glands, in the ventriculus as well as the descending loop of duodenum in three
replications.

Macroscopic examination

The stomach and intestines were evaluated macroscopically by measuring,
weighing and describing organs separately. Massometry was performed using
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scales Kern EW 420-3 NM (+0.01) for the proventriculus (pars glandularis s.
ventriculus glandularis), ventriculus (pars muscularis s. ventriculus
muscularis), the small intestine and its segments — duodenum, jejunum as well
as the large intestine. For each bird the total absolute weight of the stomach
with and without its content and the total absolute weight of the intestines with
their content were estimated. The relative weight of the stomach and the
intestines were calculated in relation to the body weight, respectively.

Morphometrically, the length of the great curvature and the length of the
deep proventriculus glands area were determined, but diameter — for
ventriculus. For measuring thickness of the stomach wall in the deep
proventriculus glands region and of the ventriculus, the digital slide gauge
Limit — 2000 (+0.01 mm) was used. Area of the mucous membrane of the
stomach (+£0.01 mm?) was determined with the digital planimeter Sokkia KP—
90N. The total absolute length of the intestinal canal was determined, including
its segments: duodenum, jejunum and large intestine by using the tape measure
(x1 mm). The relative length of the intestines was calculated by relating the
length of each concrete segment to the total length of the intestines.

Microscopic examination

Samples of tissue for histological examination were taken from seven
areas of the stomach and the small intestine: the proventriculus
gll. proventriculares profundae area, the proventriculus gll. proventriculares
superficiales area, side wall area of the ventriculus, the ventriculus m. sphincter
pylorus zone as well as the medium parts of the duodenum, jejunum and ileum.
Tissue samples were fixed in 10% of formalin solution for 24 hours and then
dehydrated in the tissue autoprocessor Tissue—Tek II and prepared for
embedding into paraffin blocks. Totally, 213 tissue samples were fixed and
embedded into paraffin blocks. After tissue embedding into paraffin blocks,
tissue samples were cut into 5 um sections. For overall histological assessment
the tissue visualization was performed according to a standard haematoxylin
and eosin staining method (Carson, 1997).

For differentiation of epithelial mucopolysaccharides containing cells the
alcian blue pH 2.5 periodic acid-Schiff tests (AB/PAS) was applied, and the
acid, neutral and mixed mucopolysaccharides containing cells were determined.

For identification of immunoreactive (IR) cells of gastrin, somatostatin
and ghrelin occurrence in the tissue, the sections were floated on polysiloxan—
coated slides (Histo Bond*). To mark the immunoreactive cells, streptavidin—
biotin complex was used (LSAB+, Daco) (Carson, 1997). As primary
antibodies gastrin, somatostatin and ghrelin polyclonal concentrated rabbit
antibodies were used. To determine the immune staining, chromogene complex
was applied (DAB+ Substrate Chromogene system, Daco) for 5 — 8 min. and
the background was stained with haematoxylin. Identical tissue samples were
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used for the negative control, which were subjected to the former procedures
using antibody diluter instead of the primary antibody. For the positive control
of measurements, histological sections from a dog pancreas and duodenum
were used.

Histological assessment

The length of the superficial proventriculus glands was measured
(30 glands of each sample). The parenchyma area (um) of the deep
proventriculus glands (in 5 fields of vision of each sample). For morphometric
assessment of the intestines the following measurements were carried out:
length of longitudinal section of the intestinal villi (um), diameter and its
longitudinal section area (um?). Measurements were performed of 10 villi of
each sample.

The quantity composition of mucopolysaccharides containing cells was
determined in each part of the intestines in ten villi as well as the area of
longitudinal section of the villus. The obtained result was calculated per 1 mm?
of the area unit.

The quantity composition of respective immunoreactive cells was
assessed in 10 fields of vision of each sample determining the area of mucosa
and the number of positive cells in it. The result was calculated as the number
of immunoreactive cells per 1 mm®.

Altogether 1172 sections of histological preparations were assessed.
Histological evaluation was carried out with a light microscope Leica
DMS5000B. Processing of the microscopic image, photographing and measuring
was performed with camera Leica DFC490 and digitalized software Image—Pro
Plus 6.1.

Statistical processing of data

The data obtained in the study were statistically processed by using SPSS
20.0 programme. Mean arithmetic value and the standard error (SEM) were
calculated. In order to find out the differences of mean values between age
groups, the multifactor dispersion analysis ANOVA was applied. Pearson
correlation coefficient of Post Hoc was used for determination of the
correlation among parameters (Arhipova, Balina, 2006).
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RESULTS AND DISCUSSION OF THE STUDY

Body weight and macromorphological structure of the gastrointestinal
canal of ostriches from 120 to 365 days of age

Body, stomach and intestine weight

The ostrich body and stomach massometric parameters are presented in
Table 1.

The ostrich body weight from 120 days until the age of 365 days
increased 4.5 times with a high correlation (r=0.91; p<0.001). Significantly
more rapid was the increase of the body weight from 180 to 240 days of age
(p<0.01) and from 240 to 365 days of age (p<0.05).

At the above mentioned age, ostrich keeping and caring conditions were
different that could have affected the body weight parameters. Possibly,
ostriches from 240 to 365 days of age, which were kept in enclosures, are
physically more active with a more rapid metabolism. In contrast, 120 and 180
days old ostriches were affected by stressful situations associated with a
comparatively limited space, lack of shelter and their care peculiarities.

As the studies show, ostriches reared in Africa, China and USA at the age
of 30 days already weigh 4000 g and even more (Cilleers et al., 1995;
Scheideler and Sell, 1997; Mushi et al., 1998), 90 days old — 14050 g, but aged
334 days — 90050 g (Wang and Peng, 2008). Analysis of data about the body
weight increase in ostriches reared in Latvia show that its rate is slower and the
most rapid increase of the body weight takes place at a later age. In Latvia
reared ostriches, at the age of 30 days the average body weight is only 1506 g
(Duritis et al., 2008). In the present investigation, at the age of 120 days the
ostrich body weight is on average 5895 g. That possibly could be explained
with the climatic peculiarities. However, the body weight of ostriches reared in
Latvia at the age of 1 year is similar to that of the body weight of birds reared
in different climatic conditions.

The absolute ostrich stomach weight without and with its content
increases (p<0.001) from 120 days until 365 days of age. These stomach weight
parameters significantly increase more rapidly during the same developmental
periods as the body weight from 180 days to 240 days of age and from 240 to
365 days of age. Whereas the relative ostrich stomach weight with and without
its content reduces (p<0.001) over the all observed period of ontogenesis — with
the content a little less than three times, without the content — two times. In the
present research, more rapid decrease of the stomach relative weight was
observed in the developing period from 180 to 240 days of age (p<0.05). As the
stomach relative weight is the ratio of its absolute weight to the body weight, a
conclusion can be drawn that with ostriches advancing in age in the particular
developmental period the body weight increases more rapidly than the stomach
absolute weight. From 240 days of age, in turn, the stomach relative weight
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does not reduce significantly any more, indicating to the rapid increase of the
stomach absolute weight and body weight equally.

Some scientists indicate to a different stomach weight in ostriches at the
age of 10-14 months. Dijana et al. (2010) remark that the relative stomach
weight together with its content is 8770 g, i.e. 8.46% of the body weight, but
without its content — 4550 g, i.e. 4.39%. Moriss et al. (1995), in turn, indicate to
a lower relative stomach weight with the content at the same age period —
5800 g, i.e. 6.05%, that correlates with the data obtained in the present study;
even more lower stomach weight was determined by Pollok et al. (1997) —
3140 g, i.e.3.1%.

In other authors’ studies, it is noted that at the age of 10 — 14 months the
total weight of the ostrich intestines is 8290 — 14410 g, but the ratio of the total
weight of intestines to the body weight is 8.7 — 14.7% (Dijana et al., 2010;
Moriss et al., 1995; Pollok et al., 1997). In the present study, at the age of
365 days the total weight of intestines reaches 6035.4 g and 8.1% of the relative
weight, i.e. less than in an adult ostrich. The researchers’ opinion should be
noted that at the age of 18 months the weight of ostrich intestines reaches the
weight that corresponds to the adult ostrich weight (Jensen et al., 1992). It is
possible that ostriches reared in Latvia until the adult age could also reach an
equivalent total weight of intestines.

Morphology of the stomach

The ostrich stomach comprises two parts — proventriculus (pars
glandularis) and ventriculus (pars muscularis).

The proventriculus takes up the cranial part of the left side of the body
cavity. The right side is based on the ventriculus and duodenum, jejunum and
caecum. The ostrich proventriculus, depending on the amount of the consumed
feed, in the caudal direction extends even until the acetabulum. The wall of the
proventriculus is thin. Starting from the oesophagus opening, on the mucous
membrane of the proventriculus ventral wall there is a thicker caudally oriented
region of deep proventriculus glands (regio glandularis, gll. proventriculares
profundae) that continues until the middle part of proventriculus, or even more
caudally. The caudal part proventriculus is placed vertically and, turning
cranially, transforms into ventriculus.

The ventriculus takes up the cranio-ventral part of the abdominal cavity
and rests on the sternum. Cranially, it touches the liver but dorso—ventrally
proventriculus. The ventriculus has a rounded disc-shaped form with a thick
muscular wall.

Both stomach parts have a different ratio of morphological parameters.
Weight of the ventriculus at the age of 120 days is comparatively equal to the
weight of the proventriculus (Fig.1). Although both parameters increased
rapidly (p<0.01) from 180 days to 240 days of age and from 240 to 365 days of
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age, the weight of ventriculus increased more rapidly from the age of 240 days,
almost three times exceeding the absolute weight of the proventriculus.

The weight of the ventriculus an adult ostrich reaches 960 — 1025 g
(ITopuecky, 2007). In the present research, the absolute weight of the
ventriculus at the age of 365 days is 2075.0+£69.13 g that is larger than in adult
ostriches described by Porcesku (ITopuecky, 2007). Most probably, the weight
increase of the ventriculus is facilitated by the different feed composition.

Evaluating the ratio of the area of the stomach mucosa in all the
investigated ostrich age groups, the area of mucosa is larger in the
proventriculus than in the ventriculus (Fig.2). Till 180 days of age, the ratio of
the area of mucosa of the proventriculus and ventriculus is 2.5, while with
ostriches advancing in age this ratio reduces till 1.8 at the age of 365 days. In
ostriches, contrary to other running birds the proventriculus is proportionally
larger than the ventriculus, whereas in rhea and emu the ventriculus is larger
than the proventriculus (Cho et al., 1984; Fowler, 1991).

The percentage of the area of the deep proventriculus gland region
increases from 17.7% to 20.1% of the total mucosa area of the proventriculus
over the period of ontogenesis studied, but in adult ostriches it reaches 25%
(ITopuecky, 2007; Cooper, Mahroze, 2004; Cho et al., 1984; Sales, 2006). That
indicates that the areca of the deep proventriculus gland region of the
proventriculus still may increase with ostriches advancing in age.

The length of the great curvature of the proventriculus, length of the deep
proventriculus glands region, as well as the diameter of the ventriculus and the
wall thickness increase from 120 to 365 days of age and with a more rapid
increase of all parameters (p<0.01) from 180 to 240 days of age.

Morphology of the small intestine

The duodenum starts at the right side of the abdominal cavity with an
extension of the ventriculus pylorus region. It consists of a descending (pars
descendens) and ascending part (pars ascendens) making a U-shape loop. In
the mesentery of the loop, pancreas is located. At the end of the ascending part,
a small part of the intestine turns off the pancreas and forms a secondary loop.
The duodenum merges into jejunum without a distinct border line.

The jejunum is incorporated in a long mesentery (mesojejunum), it forms
vast loops and is the longest of the small intestine segments. Its merging with
the ileum is not expressed, it is observed in the region where the doubled
caecum apexes are located in the mesentery of the ileum.

The ileum is located between two caecums, and it has a short mesentery.
The ileum does not form loops, vast haustras are observed and it opens in the
large intestine.

The absolute weight of the small intestine from 120 to 240 days of age
increases 5. 3 times (p<0.05), but in the further development until 365 days of
age its weight does not increase significantly, while the absolute weight of the
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large intestine continues to increase (Tab.1). In all developmental stages, the
largest weight from the small intestine segments is made up by jejunum
increasing 5 times from 120 to 365 days of age. The relative weight of the
small intestine in all developmental stages is lower than the large intestine
relative weight. From 180 to 240 days of age, the relative weight of the small
intestine rapidly decreases (p<0.05) to 2.5+0.20%, and a tendency of further
reduction is observed up to 365 days of age constituting 1.7+0.32% of the body
weight. The relative weight of an adult ostrich small intestine is 1.1-1.2%
(ITopuecky, 2007).

The absolute length of the small intestine increases significantly (p<0.05)
from 120 to 240 days of age for 1.87 times (Tab.2). In turn, from 240 to
365 days of age the length of the small intestine increases only slightly,
whereas the length of the large intestine continues increasing. The relative
length of the small intestine reduces from 41.8+2.40% at the age of 120 days to
36.4+1.50% at the age of 365 days, whereas the relative length of the large
intestine increases in inverse ratio.

Results obtained in the present study on the absolute length of the small
intestine differ from those obtained by Wang and Peng (2008) at the age of
334 days (434.4 cm) because the small intestine of ostriches raised in Latvia is
much longer (616.5 cm) that complies with mean length of the small intestine
of an adult ostrich (510-820 cm) (Skadhauge et al., 1984; Fowler, 1991; Illanes
et al., 2006; Tlopuecky, 2007). Even though the present study shows that the
length of the ostrich small intestine at the age of 120 days is smaller (329.8 cm)
than that obtained by other authors and is increased only a little compared to
the length of the small intestine of ostriches reared in Latvia at the age of 60
days (296.9 cm), still at the age of 1 year this length increases and is larger than
in other authors’ studies on adult ostriches.

The present study has found out that in ostriches at the age of 365 days the
length of the duodenum is 1250 mm that is for 150 mm less than Wang and
Peng describe at the age of 334 days, the length of the duodenum of the adult
ostrich reaches 1500 mm (Skadhauge et al., 1984). The length of the jejunum of
the adult ostrich is 3900 mm (ITopuecky, 2007), but in the present study this
length is larger already at the age of 365 days, namely 4240 m. It should be
noted that in birds in ontogenesis, proportions of the small intestine segments
varies, for example in hens (Gallus domesticus), from the first to 12 weeks of
age the length of jejunum and ileum increases more rapidly than that of the
duodenum (Obst, Diamond, 1992). The present investigation has estimated that
length of the duodenum and jejunum increases significantly more rapidly from
120 to 240 days of age, while the length of the ileum has a tendency to increase
evenly over all period of ontogenesis studied.
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Microscopic structure of the ostrich stomach and the small intestine

Histology of the stomach and its changes

The surface of mucosa of the proventriculus (pars glandularis) is lined
with a thick layer of koilin (cuticula gastris). In the mucosa, there are simple
branched tubular superficial proventriculus glands (gll. proventriculares
superficiales), which extend into the lamina propria of the mucosa (lamina
propria mucosa), and deep proventriculus glands (gll. proventriculares
profundae).

In Latvia reared ostriches, branching of the superficial proventriculus
glands are also observed in earlier stage of development (Duritis and
Mugurévics, 2007). Branching is also described by other authors, speaking
about adult ostriches (Bezuidenhout, Aswegen, 1990; Illanes et al., 2006).
Wang and his colleagues (2007), in their turn, do not notify about the branching
of the superficial proventriculus glands of the proventriculus in the ostrich
chicks at the age of 50 days. In domestic poultry and other species of birds,
such branching is not indicated (Catroxo et al., 1997; Jamroz et al., 2006;
Kadhim et al., 2011).

The single layer prismatic epithelium covers all surfaces of glands, and
mucopolysaccharides containing cells are observed between epithelial cells. In
all age stages, mostly neutral and mixed mucopolysaccharides containing cells
are observed in the superficial proventriculus glands epithelium of the
proventriculus, but at the openings of the deep proventriculus glands, more acid
and mixed mucopolysaccharides containing epithelial cells are observed.

The depth of the superficial proventriculus gland in the superficial
proventriculus glands regions and the deep proventriculus gland regions
increases from 395.92+16.51 um to 592.18+29.45 pm with ostriches advancing
in age (p<0.05) that is reflected in Figure 3.

The depth of the superficial proventriculus glands in the superficial
proventriculus glands region is larger than in the deep proventriculus glands
region over all period of ontogenesis studied. Depth of the superficial
proventriculus glands increases significantly in the deep proventriculus glands
region from 240 to 365 days of life.

Porcesku (ITopuecky, 2007) has noted that in the adult ostrich the length
of tubules of the superficial proventriculus glands is 742 pm. Comparing to our
data on the length of the glands tubules at the age of 365 days, development of
the superficial proventriculus glands continues even after the age of one year.
In hen chicks at the age of 40 days, the mucosa thickness of the proventriculus
is indicated from 690 to 731 um (Jamroz et al., 2006), it is affected by the
feeding conditions. Also, in Japanese quails at the age of 45 days the mucosa
thickness of the proventriculus is similar 670 um (Ahmed et al., 2011).

The deep proventriculus glands (gll.proventriculares profundae)
constitute the main structure of the wall of the deep proventriculus glands
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region of the proventriculus. They are grouped in polygonal lobules which area
of parenchyma makes from 91.7% to 94.2% of the total area of glands over all
observed period of ontogenesis. Each lobule is formed by tubular glands which
open in the tertiary and secondary ducts and join in the central cavity. The
gland tubules are lined with low cuboidal and prismatic epithelial cells, which
contain various granules of mucopolysaccharides on the primary ducts.
Bezuidenhout and Aswegen (1990) indicate that mucin granules are observed
only in the primary ducts forming epithelial cells. Evaluating results of our
studies on the presence of mucin granules in the deep proventriculus glands
epithelial cells, mucin granules are observed in all periods of ontogenesis
studied in the primary duct as well as in the central cavity of the glands, formed
of the secondary ducts, and at the apex of the tertiary ducts.

In literature, two opinions can be found on the placement of the deep
proventriculus glands in the proventriculus wall. Some authors declare that the
deep proventriculus glands are placed in the lamina propria of mucosa, and the
lamina muscularis of mucosa is observed around the gland Ilobules
(Bezuidenhout and Aswegen, 1990; ITopuecky, 2007), while other authors
consider that the deep proventriculus glands are placed in the submucosa
(Illanes et al., 2006; Wand et al., 2007; Dititis and Mugurévics, 2007). In the
present study, the deep proventriculus glands are placed in the lamina propria
of mucosa and in the tunica muscularis, although in some places under the
submucosal structure is not observed, which gives evidence that the observed
connective tissue in the glands stroma belong to the submucosa. Probably, the
placement of the deep proventriculus glands in the mucosa is dependent on the
ostrich age.

The lamina propria mucosae contain elastic and halogen fibers, blood
vessels and plexus of the nerves. It together with the lamina muscularis of
mucosa forms the outlines of the glands and marks the lobule’s form. In all age
stages, a well-developed lamina muscularis of mucosa is observed in the
proventriculus.

The structure of the connective tissue of submucosa can be well
differentiated, whereas in some places they are absent or are observed among
the gland lobules.

The tunica muscularis is well developed in birds of all age groups. In the
deep gland area, it is thinner than in the superficial proventriculus gland area.
The tunica muscularis is formed by two layers of muscles — the inner circular
layer, which is remarkably thicker, and a thinner outer longitudinal layer.

The tunica serosa forms the outer layer of the proventriculus; it consists
of mesothelial cells and loose connective tissue and also contains blood vessels
and plexus of the nerves.

The ventriculus has a dense structure. The surface of mucosa in the
ventriculus is also lined with a koilin layer (cuticula gastris), the same as in the
proventriculus. In all age groups, several branched tubular ventriculus glands
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open in the stomach lumen (gll. ventriculares), they bend into the lamina
propria. Branching and length of the glands increase with ostriches advancing
in age. In Latvia reared ostriches, on the first days of life after hatching these
glands is simple tubular but at the age one year they are branched (Datitis and
Mugurévics, 2007).

The ventriculus glands in the pyloric zone are simple tubular glands (gll.
pyloricae) with remarkably branched secretory parts. The lining cells are low
single layer prismatic, even cuboidal epithelium. However, above the pyloric
glands, at the ventriculus opening into the small intestine, villi are observed.
Villi are lined with prismatic epithelium with pronounced mucopolysaccharides
containing goblet cells.

At the apex of the ventriculus glands active secretory cells are higher and
distally from the nucleus in the cytoplasm pale stained secretory granules are
located. In their basal part, epithelial cells are lower with poorly stained cell
nuclei and without secretory mucin granules. Visually evaluating
mucopolysaccharides containing cells in the ventriculus, in the cytoplasm of the
superficial epithelial cells mainly are observed neutral, but between them, also
mixed and acid mucopolysaccharides containing cells. Different is the region at
the pylorus opening where mixed and acid mucopolysaccharides containing
cells are mainly observed. A similar picture describes Ahmed with his
colleagues (2011) in Japanese quails. Several authors emphasize a peculiarity
that in hens and guinea-fowl mixed and acid mucopolysaccharides containing
cells are observed, but the koilin present in the lumen contains neutral
mucopolysaccharides (Pastor et al., 1998; Selvan et al., 2008).

The lamina propria of mucosa consists of loose connective tissue, it is
well developed and tubular glands extend in it. In the lamina propria of mucosa,
blood vessels and lymphatic vessels are also observed. A dense submucosa
layer is in the ventriculus.

The thickness of the ventriculus submucosa of the cross-section of the
ostrich ventriculus wall increases from 370.2+£53.99 pum to 488.7+72.49 um
over all ontogenesis period studied with a tendency of more rapid increase from
180 to 240 days of age (Fig.4).

In the region of pyloric opening of the ventriculus, submucosa is
observed, its thickness is changeable over all period of ontogenesis studied
from 223.0+52.80 um to 390.5+22.4 pm. Porcesku (ITopuecky, 2007) has noted
that its thickness in adult ostriches may reach from 500 to 1500 pm. The
present study results show evidence that with advancing ostriches in age, the
submucosa, possibly, can still increase.

The lamina muscularis of mucosa is formed of smooth muscle bundles.
They are developed fragmentary and in some places disappear at all while in
some places, in turn, they bend between the ventriculus glands
(gll. ventriculares).
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The tunica muscularis is thick and formed of several layers, which are
connected by a thin dense layer of connective tissue with blood vessels and
plexus of the nerves. The muscular layer becomes thicker with ostriches
advancing in age; its fibers are arranged in bundles in different directions.

The tunica serosa is formed of loose connective tissue and mesothelial
cells layer.

Histology of the small intestine and its changes

The duodenum villi at the age of 120 days are thin and long. The lining
prismatic epithelium of villi up to 240 days of age has a pattern of waves. Also,
Bezuidenhout and Aswegen (1990) have described a wave-like arrangement of
epithelium in adult ostriches.

The longitudinal section of villi at the age of 120 and 180 days forms a
zigzag line pattern, which gradually disappears with ostriches advancing in age,
and at the age of 365 days it is not visible any more. However, Porcesku
(ITopuecky, 2007) has also described a zigzag line pattern of the duodenum villi
in adult ostriches.

Starting with the age of 120 days, the primary branching of villi is
observed and in some places they join, but from 180 days of age branching is
observed apically on two branches, whereas at the age of 240 days the
secondary branching is observed in the middle of the villus and one more
branching in each apex of the villus branch. In turn, at the age of 365 days,
branching of the villi is observed already at the base of the villus, and the
secondary villus branching in the middle or apex is less expressed.

In the duodenum villi, at the age of 120 days, at the base of villi the
lymphoid cell infiltration is observed, but at the age of 180 days some
combinations of lymphoid tissue are formed. Many combinations of lymphoid
tissue at the age of 240 days are observed at the base of the intestine villi by
increasing the villus diameter as well as the lymphoid cells infiltration along all
length of the villus.

The histological structure of the wall of the jejunum is similar to that of
the duodenum. Its mucosa is lined with a single layer prismatic epithelium,
which is a little waved, these waving remains up to 365 days of age. The villi
join, and apical branching is observed. The villi form a zigzag line pattern, but
at one side they are straight. Such a picture is described also by Porcesku
(TTopuecky, 2007) that at one side of the wall the tunica muscularis is thickened
and forms a massive fold. In the present study, such structure is established in
ostriches at the age of 180 days; it remains and increases until 365 days of age.

The ileum villi epithelium, contrary to the previous small intestine
segments, is not waved. In ostriches of all age groups, in some places the
branching of villi or joining is observed, however more rarely than in the
duodenum. With ostriches advancing in age, mucosa crypts become deeper;
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from the age of 180 days they are arranged side by side to each other that are
also emphasized by other authors (Wang, Peng, 2008).

Measuring the small intestine villi, we established that the villi length,
which is reflected in Figure 5, increases in the duodenum from 120 to 365 days
of age (from 1445.5 pm to 2672.4 pm, respectively), though Wang and Peng
(2008) already in 90 days old ostriches have determined 2983 pm but in
334 days old ostriches 4233 um long duodenum villi.

In the present study, already at the age of 240 and 365 days the longest
were the jejunum villi, though in Wang and Peng (2008) study from 1 to
334 day of life the jejunum villi were shorter than those in the duodenum.
Porcesku (ITopuecky, 2007) reports that the longest villi of the small intestine
in adult birds are in the initial part of the duodenum and jejunum (in
hens1380+£200 pm, in ostriches 1600 £120 pum), but in the ileum in ostriches
they are significantly shorter (240+£26 pm). The villi in the duodenum and
ileum at 120 days of age are at the same length, but the longest villi at this
period of age are in the jejunum. Starting from 180 and up to 365 days of age,
the villi in the duodenum are remarkably longer than in the ileum. The length of
the jejunum villi at the age of 180 days is similar to that in the duodenum,
although at the other age stages the villi of the jejunum are longer than in the
duodenum and ileum.

The smallest diameter of the villi in all age stages is in the duodenum. In
turn, the diameter of the jejunum and ileum villi is comparatively similar in all
age groups. The growth differences of the small intestine villi between its
segments are insignificant in none of the studied age stages.

With the increase of ostriches in age, the area of the villi longitudinal
section of the small intestine segments and at the age of 120 and 180 days it is
the largest in the duodenum, while at the age of 240 and 365 days the area of
the villi longitudinal section is larger in the jejunum. In the ileum, the area of
the villi longitudinal section at all age stages is observed as the smallest with a
tendency to increase up to 365 days of age.

The amount of the goblet cells in the small intestine mucosa, with
advancing ostriches in age, gradually reduces and a significant reduction is
observed from 180 to 240 days of age, though differences have been
determined depending on the small intestine segment (Fig.6). In the present
investigation, the amount of the goblet cells in the small intestine mucosa
gradually decreases from 120 to 180 days of age and from 180 to 240 days of
age they reduce significantly (p<0.05). More rapid changes of the numbers of
goblet cells in the small intestine mucosa from 180 to 240 days of age,
possibly, can be explained by different keeping and caring conditions as well as
their feeding. The largest amount of the goblet cells from 120 to 240 days of
age is observed in the ileum mucosa but the smallest in the duodenum mucosa.

Yan et al. (2011) performing studies on the changes of the goblet cells
under the influence of various factors in the mucosa of the rat intestinal canal
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put forward an explanation that the ileum, which is placed anatomically
between the small and large intestine, is unprotected against microorganisms
and its immune system is weak to be able to compensate this deficit of the
immune system, therefore the number of the goblet cells in the ileum is larger
than that in the duodenum and jejunum.

It should be mentioned that Wand and Peng (2008) studies at the age of
334 days, density of the goblet cells in the villi of the duodenum is equal or a
little less than at 45 days of age. It is interesting that in Wand and Peng (2008)
studies at the age of 90 days, in the duodenum villi is only 1000 cells/ mm?, and
at the age of 334 days the goblet cells are 1356 mm”. In the present study, in
turn, at the age of 120 the number of the goblet cells is 2674 mm” that is two
and a half times more than at 90 days of age according to Wang, Peng (2008)
results. Despite of this, in our study at the age of 365 days, 1224 mm? goblet
cells are observed that comparatively correspond to Wang, Peng (2008) data.

The goblet cells have an important role in the small intestine because the
mucine produced there protects the intestinal cells and provide the substance
transportation from the lumen to the cell membrane. The amount of the goblet
cells is influenced by the feeding and its change providing the organism
adaptation to the new environmental conditions (Dunsford et al., 1991;
Smirnow et al., 2006).

Evaluating the qualitative composition of the goblet cells, in all segments
of the small intestine, the largest proportion up to 85% constitutes the mixed
mucopolysacchrides containing goblet cells, acid mucopolysacchrides — till
34%. The least proportion at all age stages — from 1 to 13% constitutes neutral
mucopolysacchrides containing goblet cells.

The goblet cells are important for the protection of intestine against
infections (Deplanske, Gaskins, 2001) and parasitoses (Kim, Khan, 2013); the
neutral mucopolysacchrides change into the acid mucopolysacchrides is
observed. Possibly, at the age of 120 and 180 days the total number of the
goblet cells of the ostrich small intestine is connected with any of the above
mentioned causes.

Intraluminal pH of the stomach and duodenum

The present study shows that the intraluminal pH of the proventriculus at
the opening of the esophagus is within the range from 3.2 to 3.7. In turn, during
all developmental period studied the intraluminal pH level in the fundus region
of the proventriculus is within the range from 2.4 to 2.9, but the ventriculus
intraluminal pH level is from 3.0 to 3.8. Our obtained results slightly differ
from those of the 60 days of age results of the intraluminal pH level of the
ostrich proventriculus and ventriculus. The fact should be taken into account
that the present study shows slightly higher pH level, but still it is acid. Studies
prove that the intraluminal pH level of the stomach is changeable; it is unstable
and depends on the feed intake periods (Sturkie, 1976; Jimenez-Moreno et al.,
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2009) that could possibly explain results obtained in the present study as the
birds before the slaughter were not starving.

The intraluminal pH level in the duodenum, according to our data,
increases (p<0.01) over all ontogenesis period observed from 6.2 to 7.1. Studies
of several authors agree with the results obtained in the present study on the
intraluminal pH parameters in the ostrich small intestine. Researchers indicate
that at the initial part of the small intestine the pH value increases significantly
reaching 6.9, but in the ileum it reaches even 6.9 — 7.6 (Swart, 1993; Sales,
2006, Skadhauge et al., 1984). It is interesting that in hens, in the duodenum
this value is less (within the range from 5.7 to 6.0) without significant changes
over various postnatal developmental stages (Sturkie, 1976).

Distribution of gastrin, somatostatin and ghrelin immunoreactive cells
in the ostrich stomach and small intestine mucosa

Presence of the gastrin immunoreactive (IR) cells has been determined
in the pyloric glands region of the ostrich ventriculus and in all segments of the
small intestine mucosa over all postnatal developmental stages studied. In the
mucosa of the superficial and deep proventriculus glands area of the
proventriculus gastrin immunoreactive (IR) cells are not found. In turn, in the
mucosa of the ventriculus some gastrin IR cells have been observed between
the ventriculus glands only in some 180 and 240 days old ostriches. In some
studies, gastrin IR cells have been also found in the superficial and deep
proventriculus glands of the birds’ proventriculus (Yamada et al., 1985). In
chicks, gastrin IR cells in the stomach mucosa during the incubation period are
more but after hatching their amount reduces (Aksoy, Cinar, 2009). In the
ventriculus pyloric glands region, the number of gastrin IR cells in Latvia
reared ostriches at the age of 60 days was about 494 cells/mm” (Duritis et al.,
2013). In turn, data of the present study show evidence that at the age of
240 days the number of cells increases only till 200 cells/mm?, significantly
more rapidly it increases in ostriches from 120 to 240 days of age (p<0.05).
The small number of gastrin IR cells in the ventriculus pyloric glands region
obtained in the present study, compared to that of other authors’ studies in other
bird species, does not indicate to different digestive processes or a reduced acid
and pepsin release of the stomach glands but to some peculiarities of these
processes in ostriches. Presumably, production of all hydrochloric acid is not
dependent only on the gastrin but also on acetylcholine (nuerocrine stimulator)
and histamine (paracrine stimulator) (Cunningham, Klein, 2007; Docray,
1999), consequently, more profound studies are necessary to be performed on
their activity. Data of the present study show that independently of the low
number of gastrin IR cells among the ostrich ventriculus glands, the body
weight of ostriches at the age of 365 days is similar to that body weight of birds
at the age of a year raised in other climatic conditions, and the birds were
clinically healthy.
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According to the present study, gastrin IR cells are localized in the
mucosa of the duodenum, jejunum and ileum. In all developmental periods, in
the ostrich duodenum mucosa the number of gastrin IR cells is the largest but
the smallest is in the ileum mucosa. Other researchers have discovered in the
intestinal canal of adult hens only some gastrin IR cells in the duodenum and
jejunum mucosa, while in the ileum they have not found any gastrin IR cell
(Yamanaka et al., 1989). Consequently, in hens’ gastrin IR cell number is
smaller in the small intestine mucosa than in ostriches in our case.

Somatostatin IR cells in the stomach mucosa, according to our data, are
found in the deep proventriculus glands of the proventriculus and in the glands
of the pyloric region of the ventriculus. In some ostriches of all age groups,
some somatostatin IR cells are observed also in superficial proventriculus
glands and ventriculus glands. In the deep proventriculus glands, the number of
somatostatin IR cells till the age of 180 days significantly decreases compared
with the other age stages. In turn, till 365 days of age their amount increases
significantly and reaches the largest number of cells in all studied segments. At
the age of 180 and 240 days, somatostatin IR cells are observed more in the
ventriculus glands of the pyloric region than in the deep proventriculus glands.
It should be remarked that in Latvia reared ostriches till 60 days of age more
cells are observed in the pyloric glands than in the deep proventriculus glands
(Duritis et al., 2013). In the present study, such picture is observed only in
ostriches at the age of 180 and 240 days. Taracki et al. (2008) also indicate that
in adult ostrich’s somatostatin IR cells in the stomach are in larger quantity in
the deep proventriculus glands, while only some cells are in the ventriculus
glands that agrees with results of our investigation. Unfortunately, authors have
not presented any data on the pyloric glands region.

In the present study, somatostatin IR cells have been determined in all
segments of the small intestine mucosa. At the age of 120 days, the amount of
somatostatin IR cells is comparatively large in all segments of the small
intestine mucosa, in turn at the age of 180 days the number of these cells
radically reduces (p<0.05). The largest amount of somatostatin IR cells is
determined in the duodenum, but in the jejunum mucosa at the age of 120 days
their number is similar to that in the ileum; at the age of 240 and 365 days, in
the jejunum mucosa they are two times more than in the ileum. Also, in other
birds somatostatin IR cells are more observed in the duodenum (Mendes et al.,
2009) than in the jejunum mucosa, but in the ileum mucosa they are less or
only some cells are observed (Yemanaka et al., 1989).

Ghrelin IR cells in our investigation are determined in the deep
proventriculus glands, the superficial proventriculus glands and in the pyloric
glands region in the ventriculus from 120 to 240 days of age. Ghrelin IR cells
are not found in any of the postnatal developmental stages in the superficial
proventriculus glands. In turn, at the age of 365 days, ghrelin IR cells are not
determined in any of the proventriculus. Out of all stomach parts, the most
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amounts of ghrelin IR cells are in the deep proventriculus glands with a
tendency to increase till 240 days of age; in the ventriculus glands ghrelin IR
cells are observed in comparatively smaller numbers. In the pyloric glands
region of the ventriculus, the amount of ghrelin IR cells is larger than in the
ventriculus glands with a tendency to increase in its number till 240 days of
age.

The obtained results of the present study show that ghrelin cells are
present in all segments of the small intestine over all investigated ostrich age
groups. Their number tends to reduce till 365 days of age, a little increase of
these cells is observed at the age from180 to 240 days. The largest number of
gherlin IR cells occurs in the duodenum but the smallest is observed in the
jejunum mucosa over all age stages. In the ileum mucosa, the number of the
ghrelin IR cells in the first two developmental stages is even two times smaller
than in the duodenum, with the exception of the age of 365 days when their
density is similar. Such results have been obtained also in the small intestine
mucosa in the hen chicks (Neglia et al., 2005).

Wang and his colleagues (2009) have determined ghrelin immunoreactive
cells in African ostriches at the age of 334 days throughout the digestive canal
mucosa. The greatest number of ghrelin immunoreactive cells is in
proventriculus their density gradually reduces towards the rectum. Scientists
indicate that ghrelin prevalence changes with birds advancing in age and can be
associated with intestinal development (Wang et al., 2009; Wang et al., 2011).

CONCLUSIONS

1. The absolute weight of the ostrich body, stomach and intestines increases
(p<0.05) from 120 to 365 days of age. The body weight increases more
rapidly from 180 to 365 days of age (p<0.05). From 120 to 240 days of
age the absolute weight of the stomach and the small intestine increases
rapidly, while their relative weight reduces. The absolute weight of the
ventriculus and proventriculus at the age of 120 days is almost the same,
however during the further developmental period the weight of the
ventriculus remarkably increases and at the age of 240 days it is three
times larger than that of the proventriculus. During this time, the wall of
the ventriculus also increases rapidly.

2. The area of the stomach mucosa increases from 120 to 365 days of age
(p<0.05). The area of the superficial proventriculus glands region and the
depth of the superficial proventriculus glands are larger than that in the
deep proventriculus glands area over all ontogenesis period studied. In the
area of the deep proventriculus glands, the depth of the superficial
proventriculus glands increases significantly (p<0.05) from 240 to
365 days of age.
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. The total length of the ostrich intestines from 120 to 365 days of age
increases two times with a more rapid increase from 120 to 240 days of
age (p<0.05). From 120 to 365 days of age, the relative length of the
ostrich small intestine reduces, consequently the proportion of the small
and large intestine length changes from 1.4 to 1.8.

. The length, diameter and area of longitudinal section of the villi of the
small intestine increases with advancing ostriches in age. The longest villi
are in the jejunum, but the shortest and with the smallest area is the ileum.
The area of the villi longitudinal section till 180 days of age is larger in
the duodenum, but from 240 days of age — in the jejunum.

. The total number of the goblet cells per area unit of mucosa till 180 days
of age is larger in the ileum und smaller in the duodenum. In turn, at
365 days of age, the number of the goblet cells is larger in the duodenum.
In the villi of the small intestine, the mixed mucopylisaccharide cells
occur in larger numbers, two times less — the acid, and in smaller numbers
— the neutral mucopylisaccharide containing goblet cells.

. The lowest intraluminal pH level is in the deep proventriculus glands area
of the proventriculus, it does not exceed pH 3.0. The duodenum
intraluminal pH level from 120 to365 days of age increases significantly
(p<0.01) and reaches pH 7.0.

. The gastrin and somatostatin IR cells from 120 to 365 days of age occur in
the pyloric glands zone and the small intestine mucosa. The somatostatin
IR cells are observed also in the deep proventriculus glands and in the
ventriculus glands. The number of the gastrin and somatostatin IR cells is
changeable with a tendency to increases with advancing ostriches in age.

. The ghrelin IR cells are observed in the deep proventriculus glands,
ventriculus and pyloric glands of the proventriculus 120 to 240 days of
age tending to increase its number with advancing ostriches in age. The
small intestine mucosa ghrelin IR cells occur throughout the
developmental period studied.
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