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ABSTRACT i (5 5 a ;CUD
Immunohistochemical studies during embryonic development of poultry are quite limited. The present stud % Lo é. 0
to investigate the distribution of Hepatocyte growth factor (HGF), indikéngrowth factorl (IGF-1), fibroblast @ g o
growth factor2 (FGF2), andtransforming growth factetd ( JUGF i n t he ki dney and o2 S %) jZ>
posthatching geese via histologic and immunohistochemical methods. A total of 150 fertile goose eggs wert 2 2 = % —
the study. Throughout the incubation process (29 dé&ys),eggs were used each day, starting fromstkin day, % g ‘:) 3 >
and the embryos were examindthe embryos were fixed in 10% formaldehyde solution. Geese at the 7, 15,3 & E o8 3
210 (adult) days after hatching were euthanized for atpaishing evaluation. Rouké histological procedures wel > ™ 3 N O
performed on the kidney and |iver tissues. For Lobo
Periodic Acid-Schiff (PAS), and Haematoxylin and Eosin (H&E) staining. HGF, -IGFGF2, and TGFU S g g m

immunoreactiities were investigated in the histological slides. An examination of kidney tissue develo
indicated that metanephric blastema formation started on dayTH®. mesonephros was replaced by
metanephros, the permanent kidney, starting on th@slayn examination of liver tissue development revealed 1
sinusoids began to narrow, hepatic plaques formed, and endothelial and Kupffer cells became distinguishe
as day 8. Upon general evaluation, F&#was found to be the growth factor with thest intense immunoreactivit
in the liver and kidney, while IGFhad the least immunoreactivity. There is a paucity of studies on growth fe
during the embryonic period in poultry. In the present study, all four growth factors were immunohistatipe
investigated in the kidney and liver during the hatching andtpaishing periods. Because poultry have a shc
embryonic period than mammals, they need to utilize growth factors effectively and at high levels. The prese
demonstrate that HGF, IGFI, FGF2, and TGFU g r o wt lerefefiectivednrkisiney and liver developmel
during the incubation period in geese.
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INTRODUCTION

Similar to mammals, poultrkidneys are the main excretory organs that play an important role in the process of
removing waste products that can harm the body. However, they differ from the lobule structure of the mammalian
kidney (Scanes and Dridi, 2021Poultry kidneysconsist of a pair foorgans situated bilaterally within the os
lumbosacrale(Aslan, 2018) The kidneys develop from the dorsal mesoderm in three stages, namely, pronephros,
mesonephros, and metanephfosdiassa and Akt é, 1 9 9 The prdmepBGresadévelop® fothea | . z
mesoderm and begins to differentiate on day 3 of embryonic development, where it is replaced by the mesonephros
(Bolin and Burggren, 2013Mesonephros development initiates on days Becomes functional between days 5 and

11, undergoes degeneratin chicken embryos by day 15, and is subsequently replaced by the metariiielorttesus

and Hollemann, 2009; Bolin and Burggren, 2013he metanephros or permanent kidney develops from the
metanephric blastema of the intermediate mesodeftha s s a , d99d)and kitiages an active process of fluid
absorption through the renal corpuscles and proximal convolubedes on embryonic day 12 in chickgi@olin and

Burggren, 2013)

In poultry, the liver is the largest gland in the body, located in the ventral hepatic peritoneal cavity, and consists of
two or three lobes depending on the spe@ifémig etal., 2016) The | i ver6s parenchyma has
the stroma has a mesodeinorigin (McGeady et al., 2006)Following the onset of liver diverticulum formation,
hematopoietic cells invade the embryonic liver, thereby establishing it as the primary hematopoiet{tiasganand
AKt &, 1997; Mc Giematiopoietic tdis develop rapizllp ané Hegin to form hematoblasts and other cells
of the liver(Yang et al., 2019)
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Growth factors have different effects, including angiogenesis, chemotaxis, cell proliferation, fibroblast migration,
wound healing, and collagen productiand are protein substances that affect cell activity bothivo andin vitro
(Tekinarslan et al., 2011)nsulinlike growth factors are synthesized predominantly in the liver but are also produced in
many tissues, including the kidn€lie Roith, 1997;Le Roith et al., 2001)Insulin-like growth factors IGFs) play
important roles in various functions, including follicle growth and subsequent embryonic develd@henet al.,

2024) Although HGF is primarily associated with the liver, in a study is, ldGF expression was four times greater in
the kidney than in the livegiLiu, 2002) Studies on HGF in rats and mice have suggested that it plays an important role
in kidney development, maintenance of normal kidney structure and function, and tulpalar(Matsumoto and
Nakamura, 2001; Davies, 2001; Liu, 200%) human embryos, FGE plays an important role at various stages of
embryonic development, including early liver development and stimulation of kidney t(Galéson, 2018)

Previous studies on rats have indicated that- TGFs er ves as a potent mitogen for
produced by hepatocytes undergoing DNA replicatigvebber et al., 1994)Furthermore, high levels of TGB
transcripts have been observed dertain structures, including the mesonephric tubules of the developing kidney
(Derynck, 1992)

The functions of growth factors during the early and late embryonic periods attract a lot of interest in developmental
biology. Although there is informatiorabout the effects of growth factors on cells in cell culture studies,
immunohistochemical studies are quite limited. This study aimed to examine the development of the liver and kidney
according to days during hatching and plostching periods and to detgine the expression location of growth factors
(HGF, IGFI, FGF2,and TGFJ) i n t hese organs.

MATERIALS AND METHODS

Ethical approval
The required approval was obtained from the Local Ethics Committee of Kdfkaersity Animal Experiments
(KAU-HADYEK/2021-171), Kars, Turkeybefore the commencement of the study.

Materials

In the present study, eggs were collected daily fronsithieday of incubation (4 goose eggs per day) until the day
29. The kidney and Vier tissues of the collected embryos were examined. On th@%ay incubation, the geese
hatched. This day (day 29) was considered day 0, and the liver and kidney tissues of the geese were examined on days 7,
15, 30, and 210 (adult stage; 4 geese pe). ddy specific euthanasia method was applied to geese during the incubation
period. Euthanasia was performed by cervical dislocation on days 0, 7, 15, and 30. One hundred fifty fertilized goose
eggs were obtained from the Kafkas University Veterinary Badpplication and Research Farm, Kars, Turkiye. The
eggs were sterilized via fumigation in a formaldehpdtassium permanganate mixtyf&lki and Saatci, 2013and
placed in an incubator for 29 days (CIMUKA EIB3, Turkiye) within the goose unit, maintaining conditions of 37.5°C,
60% humidity, and rotation of 180° every 2 hours.

Methods

Starting from day 6 of incubation, four eggs were used each day, and lingoewas removed and fixed in 10%
formaldehyde. The hatched geese were raised in cages in the goose unit. Water and feed vastdilgiuen lighting
is 18 hours of light and 6 hours of darkness daily, temperature392Z7(Tilki and Saatci, 2013)The hatching day was
set to day 0. The geese at days 7, 15, 30, and 210 (adults) following hatching were euthanized on the indicated days for
posthatching evaluation, and their organs were fixed in 10% formaldehyde (Figure 1).

Tissue collection and preparéion phase

Starting on day 6 of incubation, four embryos were removed daily and fixed in 10% formaldehyde. The heads of the
embryos were removed, and the trunks were divided whole on da§sif half crosswise on days-15, in thirds
crosswise on days6120. And after day 20, the livers and kidneys were removed and embedded in paraffin. Routine
histological procedures; Alcohol (70%, 80%, 90%, 96%, Absolute), Xylol (I, 11, 1ll), Xylol and paraffin and paraffin
embedding) were performed on the tissues,5pch thick sections were excised from these tissues.

Histochemical examination

Crossmonnés tripl e -Schiff §HA8)] and Hem&axylin and Easin &&E) dtaining were
performed for histological examinations. The histological slides weemiged and photographed under a light
microscope (Olympus BX51, Japan).

Immunohistochemical examination

The avidinbiotin-peroxidase complex techniquéisu, 1981; Bingol et al., 2024y)as used to determine the
immunohistochemical localization of HGF, IGFFGF2,and TGFU ant i bodi es in the kidney
were incubated with antiGF (SanteCruz, se57193; 1:200), antiGF-I (SantaCruz, se74116; 1:25), amFGFR2
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(SantaCruz, se74412; 1:100), and arstiGF-U  ( SGruz,tseB74433; 1:100) for 146 hoursat room temperature (20

22°C). Upon incubation, the sections were washed with phosibiudfiered saline (PBS), and the secondary antibodies
(Biotinylated Goat AritRabbit [Lab. Vision, 510.991.2800]) were added and maintained at room temperature for 30
minutes. Streptavidin horgadish peroxidase was added to the sections, washed in PBS (3x5 minutes), and maintained
for 30 minutes. Ma y e r stam théd muced Oryxthe IPBShsolutianswasuappéied to the negative
control group tissues (Figure 2). The preparations were examined under a light microscope (Olympus Bx51, Japan).

igure 1. Geese Anser anserembryos in the hatching period (29 days)Days 611,B: D
Days 2325,F: Day 26,G: Day 27,H: Day 28
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RESULTS

Kidney

Tubule formation commenced by day 6 during the hatching period (Figure 3A). Mesonephric kidney was observed,
along with the initiation of metanephric blastema formation on day 10 (Figure 3B). Degeneration of the mesonephric
kidney began on days 1& (Figure 3C). By days 120, the cortex and medulla of the metanephric kidney began to
differentiate (Figure 3D), with further distinction becoming more evident by day 25 (Figurén3the posthatching
period, it was determined that the outer surfatéhe kidney is surrounded by a thin connective tissue capthite
connective tissue sends extensions into the organ and shapes the lobules. There was a cortex and medulla in each lobe
(Figure 3F). In the cortex, corpusculum renis, tubulus proxin@disvoluta, tubulus distalis convoluta, perilobular
ductus collectivus, and tubulus collectivus were seen (Figure 3F). In the medulla, thin and thick segments of Henle's
loop, medullary ductus collectivus, and secondary branches of the ureter were seen36Big It was determined that
the corpusculummenis located in the cortex of the lobules belonged to the reptilian type nephron, and the corpusculum
renis located close to the medulla belonged to the mammalian type nephron (Figure 3F, 3@ paithcytegrowth
factor (HGF) immunoreactivity was generally observed in the mesonephric tubules on hatchingl8ayehéreas in
the metanephric kidney (pteatch and postatch, it was predominantly observed in the proximal tubules, with moderate
expression intte ascending limb of the loop of Henle (Figure 4).

Insulin-like growth factofl (IGF-I) immunoreactivity was generally observed in the mesonephric tubules on hatching
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days 618, whereas it was mostly observed in the proximal tubules in the metanephey Kidiiching and post
hatching periods (Figure 5)Fibroblast growth facte (FGF2) and transforming growth factdt ( JUGF
immunoreactivity were generally observed in the mesonephric tubules and glomerulus on hatchingl&lays 6
contrast, it was maly observed in the proximal tubules, ascending limb of the loop of Henle, and secondary ureter
sections in the metanephric kidney during hatching and-tmdshing periods (Figures 6 and 7). There was no
immunoreactivity associated with the four growthtéas in the descending limb of the loop of Henle.

Liver

Areas formed by hematopoietic cells were observed in the liver at daydufing the hatching period (Figure 8A).
Hepatocytes, endothelial cells, and Kupffer cells were observed by day 6. The kdmoof the liver was more clearly
distinguished from day 9 onward (Figure 8B). The radial arrangement of hepatocytes around the central vein was
observed at day 10 (Figure 8C). The portal area and bile duct were observed on day 14 (Figure 8D)yé¢-atastech
in the liver by poshatching day 20, and this accumulation continued to decrease throughafudsng days 7 and 15
(Figure 8E, 8F).

It was determined that the histological structure of the liver was basically similar to the adult livesttisgng from
day 20 of hatching. It was observed that a thin connective tissue capsule surrounded the outer surface of the liver, and
the lobule structure was not evident. In the portal area, the bile duct, hepatic artery, and interlobular vein wiere seen
was determined that hepatocytes were polygonal in shape, most of them were dikaryotic, formed hepatic plaques in
groups, and formed cords (Remark's cord) in groups of two, showing a radial arrangement around the central veins. It
was observed that thenusoids located between the Remark cords were covered by squamous endothelial cells, and
there were Kupffer cells between these endothelial cells (Figure 5F). Additionally, in the present study, the PAS (+)
reaction in hepatocytes, initially weak on de®, became more prominent by day 15. In addition, the PAS (+) reaction
was observed in Kupffer cells (Figure 9). Hepatocyte growth factor (HGF) immunoreactivity was observed in
hepatocytes during the hatching and guatching periods, Kupffer cells ontohing days 614, and the bile duct by
hatching day 22 (Figure 10hsulinlike growth factofl (IGF-1) immunoreactivity was observed in hepatocytes in the
hatching and podtatching periods, hematopoietic cells on hatching dal4, éhe bile duct, andé connective tissue in
the portal area during the pdstching period (Figure 11fribroblast growth facte? (FGF2) and transforming growth
factorU  ( JUGimmunoreactiviies were observed in hepatocytes in the hatching anehgtosing periods,
hemaopoietic cells on hatching daysl@, Kupffer cells on hatching daysl®, and connective tissue in the portal area
from hatching day 22 (Figures 12 and 13).

= 3 500 pm
Flgure 3. General view of the goose kldney in the haich (29 days) and pelsatch periodA: Day 6 (x20) B: Day 10 (><4) C: Day 17
(x4), D: Day 25 (x20)E: Posthatching on day 15 (x10f;: Adult (x4), G: Glomerulus,T: Tubules,Ms: MesonephrosMb: Metanephric blastema,
Mt: MetanephrosM: Medulla, C: Cortex, 1: Mammalian type glomerulu®: Reptiliantype glomerulus3: Medullary ductus collectivus}: Pert
lobulary ductus collectivu®: Ascending limb of loop of Henlé andB: H&E staining,C, D, E,F,GiaandH Cr ossmonndés modi fied
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Figure eral view munoreactivity in gooseApser anseérkidney during incubation (29 days) and pistubation

period.A: Day6, B: Day 14,C: Day 22,D: Adult, G: Glomerulus,T: Tubules,Ms: MesonephrosMt: MetanephrosTp: Proximal tubulesTd:
Distal tubulesAl: Ascending limb of loop of Henléddc: Medullary ductus collectivus<@0).

period.A: Day6, B: Day 14,C: Day 22,D: Adult, G: Glomerulus,T: Tubules,Ms: MesonephrosMt: MetanephrosTp: Proximal tubulesTd:
Distal tubulesAl: Ascending limb of loop of Henlé/dc: Medullary ductus collectivus<@0).
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arkidney during incubation (29 days

ays) and postubation
period A: Day6, B: Day 14,C: Day 22,D: Adult, G: Glomerulus,T: Tubules,Mt: MetanephrosTp: Proximal tubulesTd: Distal tubulesAl:
Ascending limb of loop of Henléidc: Medullary ductusollectivus (x20)
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Figure 7. General view of i mmunor ea c tAnseriansgrkidnay d maubkatioq

ugng (29 das) and postubation
period.A: Day6, B: Day 14,C: Day 22,D: Adult, G: Glomerulus,T: Tubules,Ms: MesonephrosMt: MetanephrosTp: Proximal tubulesTd:
Distal tubulesAl: Ascending limb of loop of Henléldc: Medullary ductus collectivus (x20)
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| view of the goos@riser anserliver in the prehatch (29 days) and pelsatch periodA
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C: Day 10 (x20)D: Day 14 (x20)E: Day 23 (x40)F: Adult (x20).L: Liver, CV: Central vein]V: Interlobular veinBD: Bile duct,HA: Hepatic

artery.A, C, andD: H&E staining,B, E,andF:Cr o s smonnos
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Figure 10. General view of HGF immunoreactivity in goosknéer anser liver during incubation (29 days) and pastubation
period.A: Day 6 (x40),B: Day 14 (x40),C: Day 22 (x20),D: Adult (x20), KC: Kupffer cells,HC: Hematopoietic cellsCV: Central vein,|V:
Interlobular veinBD: Bile duct, andCT: Connective tissue.

Figure 11. General view of IGH immunoreactivity in gooseAnseranse) liver during incubation (29 days) and pastubation
period.A: Day6 (x20),B: Day 14 (x40),C: Day 22 (x40),D: Adult (x40),KC: Kupffer cells,HC: Hematopoietic cellsCV: Central vein|V:
Interlobular veinBD: Bile duct, andCT: Connective tissue.
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