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Information about the morphology of the budgerigar intestines is a necessary condition for the preparation of diets for feeding, preven-
tion and treatment of diseases of the digestive system, the state of which determines the intensity of growth and development of the bird’s
body. The features of the histological structure of the intestines of the budgerigar (Melopsittacus undulatus) of 9 ages: 1, 3,7, 14, 21, 30, 60,
180 and 365 days of age were studied. Histological preparations were made according to the classical method with hematoxylin and eosin
staining of sections, according to Mallory and Grimelius. Morphometric parameters of microstructures were determined on preparations
from a transverse section of the middle section of the duodenum, jejunum, ileum and rectum. In the intestinal wall of the budgerigar, three
membranes were identified: mucous, muscular and serous. Three layers were found in the mucosa: epithelial, lamina propria, and muscular
lamina. The predominant type of epitheliocytes were rim enterocytes, goblet cells were found in a smaller number, the number of which
increased towards the rectum, as well as enteroendocrine cells, which were located mainly in the crypts. The muscularis mucosa consists of
several layers of cells of smooth muscle tissue, which delimits the lamina propria from the muscle membrane, encircles the crypts, and ac-
companies the blood capillaries of the villi. The submucosa was not found. The muscular coat consists of two layers formed by smooth
muscle tissue: the inner circular and the outer longitudinal. The enteric nervous system is represented by two nerve plexuses: the submucosal,
located between the muscularis mucosa, and the myenteric, located in the outer layer of the muscular membrane. There was a general pattem
of increase in changes in most parameters with age : the diameter of the intestine, wall thickness, mucous membrane and muscle membrane,
height, width and surface area of the villi, the depth of the crypts. Changes in the size of the microstructures of the intestines were asynchron-
ous. The most intensive changes in the size of microstructures occurred in the first month after hatching, especially in the first week. They
corresponded to the values of an adult bird mainly at 21-30 days of age. A decrease in the thickness of the wall, mucosa, height of the villi,
and their surface area in the direction from the duodenum to the rectum was established.
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Introduction

Keeping different types of wild birds by humans has long been a
common practice. Due to their very high exotic or genetic value, wild
birds are an important commodity in trade between countries and conti-
nents. At the same time, due to the ability to act as a carrier or vector of
zoonotic diseases, they pose a significant threat to humans, requiring care-
ful monitoring by the veterinary service (Pekmezci et al., 2020; Yetismis
et al,, 2022; Zadravec et al., 2022; Abdullah et al., 2023). Animal welfare
is a priority for accredited zoological institutions, but historically mamma-
lian research has been the priority. Bird-focused research accounts for less
than 10% of animal welfare publications in zoos and aquaria over the past
ten years. At the same time, due to the lack of scientific publications on
wild birds, specialists are turning to other sectors, such as agriculture, to
understand the issues of their maintenance and feeding (Woods et al.,
2022). But there is a significant biological difference between farm poultry
and exotic birds. Agricultural bird species (Galliformes and Anseriformes)
are brood birds, and non-productive bird species are nesting birds. Brood
chicks are fully feathered and sighted after hatching, and after a few hours,
they can feed on their own. After hatching, nestlings have no plumage at
all, are often blind and need constant parental care due to the inability to
feed and fly on their own.

The budgerigar (Melopsittacus undulatus Shaw, 1805), a species of
the parrot subfamily (Psittacidae), the only member of the genus Melopsit-
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tacus, is the most favoured exotic bird at home, however, research on their
diet is limited and the nutritional requirements of nestlings are not well
understood (Corngjo et al., 2021). Poor nutrition and digestive diseases are
a major problem and a common cause of death in captive parrots (Donatti
etal., 2014). In addition, the conditions of cellular maintenance significant-
ly affect the health of parrots, which, together with the food factor, has a
negative impact. The most common health disorder observed by budgeri-
gar owners in Germany was obesity, found in 26.4% of survey respon-
dents (Wickermann & Krautwald-Junghanns, 2021). The number of pub-
lications on diseases of the digestive organs of budgerigars has been
increasing in recent years, which indicates the severity of the problem.
Research covers diseases of many digestive organs: beak deformity due to
malnutrition (Demir & Gerbaga, 2021), metaplasia of squamous epithe-
lium in the beak, esophagus, tumour of the sublingual salivary glands
(Hollmann, 1990), catarrhal proventriculitis (Tsai, 1992), parrot proventri-
cular dilatation disease (Rossi et al., 2018; Hoppes & Shivaprasad, 2020),
proventriculus carcinoma (Wildmann et al., 2022), avian yeast infection of
the stomach, which is caused by Macrorhabdus ornithogaster, which
colonizes the isthmus of the proventriculus and ventricle (Fulton & Mani,
2020; Baron et al., 2021), enteritis (Baker, 1987), hepatitis, lipidosis, and
focal hepatic necrosis (Baker, 1980, Beaufiére et al., 2019), pancreatitis
(Barazorda et al., 2022).

The gut is the main organ that has been studied to evaluate the effects
of diet on animals (Lilburm & Loeffler, 2015). A powerful digestive appa-

Regul. Mech. Biosyst., 2023, 14(2)



ratus reduces the risk of diseases of infectious and non-infectious etiolo-
gies by preventing the entry of pathogens into the internal environment of
the animal body (Williams & Athrey, 2020). The parameters of the intes-
tine, indicating its morphofunctional state, are such morphometric indica-
tors as the height of the villi and the depth of the crypts, their density, and
the area of the suction surface (Alshamy et al., 2018). Correlative relation-
ships have been established between these indicators and the degree of ab-
sorption of dietary nutrients and, ultimately, the growth rate of birds (Ge-
hart & Clevers, 2019; Ravindran & Abdollahi, 2021).

The fragmentary, insignificant and sometimes contradictory amount
of data in the scientific literature on the patterns of the microscopic struc-
ture of the parrot intestine indicates the insufficient development of this
issue of age-related morphology, and the prevalence of diseases of the di-
gestive system indicates the relevance of such studies. The aim of the stu-
dy was to determine the features of the microscopic structure of the intesti-
nes of the budgerigar during the first year of the postnatal period of onto-
genesis.

Material and methods

The parrots were kept and handled in accordance with the European
Convention for the Protection of Vertebrate Animals used for Research
and other Scientific Purposes (Strasbourg, 1986). The study protocol was
approved by the Bioethics Commission of the Faculty of Veterinary Me-
dicine of the State Biotechnological University (Kharkiv, Ukraine). Du-
ring the experiment, the birds were clinically healthy. The parrots were
kept in spacious cages, where they constantly had the opportunity to fly
and had fresh air. The parrots were fed a diet that was a mixture of grains,
which included yellow, white and red millet, oats, canary and sunflower
seeds, as well as dried fiuits and vegetables. The food constantly contained
sand. Once a week, a boiled grated chicken egg was added to the diet as a
protein feed. Water and food were always fresh, free and always available.
After the chicks hatched, female parrots were independently fed with "goi-
ter milk", older ones — from the goiter with soaked grains. No preventive
vaccinations and antiparasitic treatments were performed for the birds.

The birds were withdrawn from the experiment by gradual overdose
of ether for anesthesia. The material for research was taken from budgeri-
gars (Melopsittacus undulatus) of 9 age groups: 1, 3, 7, 14, 21, 60, 180,
and also 365 days old (n = 5). Pieces of the middle section of four intes-
tines — duodenum, jejunum, ileum and rectum were fixed in 8% neutral
formalin solution. After dehydration in alcohols of increasing concentra-
tion, the material was embedded in paraffin. For the preparation of prepa-
rations, histological sections were stained with hematoxylin and eosin by
Mallory’s technique, with silver nitrate by Bolshevsky’s technique.
The total population of enteroendocrine cells was found in the argyrophilic
reaction using the Grimelius technique.

Morphometric parameters of microstructures were determined on
cross sections of the intestines using the ToupView program (ToupTek,
China) and a scoring grid. The study of histological preparations and the
preparation of micro photos were performed using a Jenamed 2 micro-
scope (Carl Zeiss Jena, Germany). The surface area of the villus was cal-
culated by determining its height and width (Iji et al., 2001). Density of
villi and crypts was determined in terms of 1 mm of mucosal length.
When characterizing changes in the morphometric parameters of the
intestines of parrots, they were always compared with the previous age.
For a comparative assessment of the development of individual intestines,
such a parameter as the average age indicator (AAI) was used. AAI of
each intestinal structure was determined as the arithmetic mean of 9 of its
age indicators. The data were analyzed in Biostat LE 7.3. (AnalystSoft
Inc., 2020) soft-ware. The data are presented in the tables as x + SD (mean +
standard deviation). Differences between the values in different age groups
were determined using the Tukey test, where the differences were consi-
dered reliable at P < 0.05 (with taking into account Bonferroni correction).

Results
In the composition of the intestines of the budgerigar, the duodenum

is anatomically distinguished, containing in its loop the pancreas, jejunum
and ileum, the border between which was Meckel’s diverticulum, as well

as the rectum. Microscopically, three membranes were identified in the in-
testinal wall: mucous, muscular, and serous. Three layers were found in
the mucosa: epithelial, lamina propria, and muscular lamina. We did not
find the submucosa in the wall of different intestines of the parrots in all
the studied age periods. Thin layers of loose connective tissue were found
between the muscularis mucosa of the mucous membrane and the muscu-
lar membrane only around the elements of the submucosal nerve plexus —
nerve ganglions and bundles of nerve fibers.

The characteristic structure of the intestinal mucosa of the budgerigar
is the villi — a protrusion of the lamina propria, covered with an epithelial
layer, on transverse sections having a finger-shaped shape and crypts
(Lieberkuhn’s glands) — the immersion of the epithelium into the lamina
propria (Fig. 1-3). The lamina propria is formed by loose fibrous connec-
tive tissue, in which individual fibroblasts were found in chicks of 1—
3 days of age; amorphous substance predominated in the composition of
the intercellular substance. In older parrots, fibroblast cells and other cells
of loose connective tissue, as well as collagen and elastic fibers, were
found in it in a significantly larger amount. In addition to fibroblasts, it
contained leukocytes in a smaller amount, which were dominated by
lymphocytes, as well as tissue basophils. A blood capillary passes along
the villus to its apex, containing shaped blood cells and accompanied by
1-3 narrow chains of smooth muscle cells (Fig. 4). In the intestinal muco-
sa of older parrots, blood vessels were found in greater numbers, mainly
arterioles and venules. In the composition of the mucosal lamina propria,
both between the crypts and within the villi, small accumulations of lym-
phoid tissue, both diffuse fields and lymphoid nodules, were sometimes
found. In the epithelial layer of the villi and crypts, border enterocytes,
goblet cells, and enteroendocrine cells were found. The predominant type
of epithelial cells were border enterocytes with a distinct border at the
apical pole formed by microvilli. Goblet cells were found in a much
smaller number, the number of which increased in the direction from the
duodenum. Enteroendocrine cells were located mainly in the crypts and
were distinguished by the presence of secretory inclusions at the basal pole
(Fig. 5). The crypts are very short; their width was somewhat less than
their depth, which gave them a hemispherical shape. Under the crypts,
there is a muscular plate of the mucosa, represented by one-three layers of
smooth muscle cells, which had a longitudinal direction of location, and
encircled the crypts with one layer.

In the muscular membrane, two layers were found — a thicker inner
annular and a thinner outer longitudinal layer, formed by smooth muscle
cells. Between themselves, the layers of the muscular membrane are sepa-
rated by thin layers of loose fibrous connective tissue. Between the muscle
plate of the mucous membrane and the muscular membrane, as well as in
the outer layer of the muscular membrane, elements of the nerve plexuses
were found — nerve nodes and bundles of nerve fibers, respectively, sub-
mucosal (Meissner) and muscular membrane (myenteric, Auerbach)
(Fig. 6). The nerve ganglions contained several neuronal cell bodies of the
multipolar type (Fig. 7). The serous membrane is represented by a thin
connective tissue plate covered with mesothelium.

Fig. 1. Duodenum and pancreas fragment of a 180 day old budgerigar
(histological preparation): / —intestinal villi; 2 — intestinal crypts;
3 —muscular membrane; 4 — pancreas; hematoxylin and eosin stain
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jejunum — by 18.8%, ileum — by 33.3% and rectum — by 66.7%. During
the second week, it increased by 10.0%, 5.0%, 13.0% and 10.0% respec-
tively, during the third week — by 6.0%, 25.0%; 6.0% and in the rectum it
decreased by 5.0%. After the age of 21 days, the changes in this indicator
were multidirectional; it slightly increased or decreased in relation to the
previous age. The diameter of the intestines reached the greatest value in
the duodenum and jejunum at 21 days of age, in the ileum — at 30 days of
age, in the rectum —at 14 days of age.

Fig. 2. Jejunum wall of a 30 day old budgerigar (histological preparation):
1 —intestinal villi; 2 — intestinal crypts; 3 — muscular membrane;
hematoxylin and eosin stain

(histological preparation): / —intestinal crypts;
2 —enteroendocrine cells; Grimelius stain

Fig. 3. The wall of the rectum of a 14 day old budgerigar (histological
preparation): / —intestinal villus; 2 — intestinal crypt; 3 — muscular plate
of the mucosa; 4 — the inner layer of the muscular membrane; 5 — the outer

layer of the muscular membrane; hematoxylin and eosin stain

Fig. 6. Jejunum gut wall of a 60 day old budgerigar (histological prepara-
tion): / —intestinal crypt; 2 —muscular plate of the mucous membrane;
3 —the inner layer of the muscular membrane; 4 — the outer layer of the
muscular membrane; 5 — nerve node of the submucosal nerve plexus;

6 —nerve node of the myenteric nerve plexus; hematoxylin and eosin stain

Fig. 4. The wall of the ileum of a 60 day old budgerigar (histological
preparation): / —blood capillaries of the intestinal villi; 2 — epithelium
of the intestinal villi; 3 — intestinal crypts; 4 — muscular plate of the
mucosa; 5 —muscular; Mallory stain

The general pattemn of age-related changes in the morphometric pa-
rameters of the microstructures of the budgerigar intestines was their in-
crease from a day old to 14-30 days old. An increase in the diameter of
the intestines occurred mainly up to 21 days of age (Table 1). During this Fig. 7. Nerve ganglion of the myenteric nerve plexus in the rectal wall
period, it increased in the duodenum by 78.9%, jejunum — by 56.3%, of a one-year-old budgerigar (histological preparation): / —nerve cells;
ileum — by 58.3% and rectum — by 75.0%. Moreover, during this period, it 2 —the outer layer of the muscular membrane; impregnation
increased most intensively in the first week: in the duodenum by 52.6%, with silver nitrate according to Bolshevsky
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Table 1

Budgerigar intestinal diameter (mm) at all ages (n=35, x = SD)

Age, Intestine
days duodenum jejunum ileum rectum
1 192+031° 1.58+027% 1.17+022° 1204022
3 223+0.18° 142+0.11° 134+017° 1254017
7 2.89+033° 1.93+032% 1.56+0.32% 203+034°
14 3.18+057 2024028 1.82+£025% 2234033
21 337+045° 245+033° 1.93+027° 2.13+0.16°
30 2.80+032° 217+0.17° 230+033° 2.11+022°
60 2724029 228+021° 226+032° 203+£033°
180 2.78+032° 220026 1.89+032° 1.89+025°
365 293+031° 212+031° 1.67+026® 203+031°

Note: different letters indicate the values significantly differing one from another
within a column on the results of comparison using the Tukey test (P < 0.05) with
Bonferroni correction.

An increase in the thickness of the intestinal wall occurred mainly up
to 30 days of age (Table 2). During this period, it increased in the duode-
num by 65.4%, in the jejunum — by 125.3%, in the ileum — by 64.3% and
in the rectum — by 83.5%. During this period, it increased most intensively
in the first week: in the duodenum by 93.1%, in the jejunum by 79.3%, in
the ileum by 25.6% and in the rectum by 18.1%. During the second week,
it increased by 8.0%, 1.6%, 12.2% and 6.1% respectively. In the period
from 21 to 30 days of age, this indicator decreased in the duodenum by
10.0% and increased in the jejunum, ileum and rectum by 15.1%, 12.9%
and 35.7%, respectively. After 30 days of age, this indicator slightly in-
creased or decreased in relation to the previous age (P > 0.05). The wall
thickness in the duodenum reached the greatest value at 14 days of age, in
the jejunum, ileum and rectum — at 30 days of age.

Table 2

Budgerigar intestinal wall thickness (um) at all ages (n= 5, x+ SD)
Age, Intestine
days duodenum jejunum ileum rectum
1 554 +41° 306+ 36 3174390 233 +£40°
3 670 +£46® 428 +46° 293 £33 273 +£31%
7 1058 £ 80° 529+ 56 399+£50% 300+30%
14 1141 £84° 534+ 58> 446+ 50 319+30®
21 1008 + 54% 575+51 42317 343+£38°
30 911+85° 654+56° 51758 451 +£49°
60 988 £ 68> 503 £47™ 503 +59° 437+31°
180 982+71% 529433 45946 391 +45%
365 985+53™ 586+£19° 394 45 354 £30®

Note: see Table 1.

The increase in the thickness of the intestinal mucosa, as well as its
walls, occurred mainly up to 30 days of age (Table 3). During this period,
it increased in the duodenum by 66.4%, jejunum — by 40.8%, ileum — by
65.7% and rectum — by 72.9%. During this period, it increased most inten-
sively in the duodenum and jejunum in the first week, by 96.0% and
88.5%, respectively, in the ileum — in the first and fourth weeks, by 25.6%
and 26.1%, respectively, in the rectum — in the fourth week by 41.4%.
After 30 days of age, the values of this indicator were lower. The thickness
of the mucosa reached the greatest value in the duodenum at 14 days of
age, in the jejunum, ileum and rectum — at 30 days of age.

Table 3
Budgerigar intestinal mucosal thickness (um) at all ages (n= 5, x + SD)
Age, Intestine
days duodenum jejunum ileum rectum
1 519+55" 238 +£35° 274+20% 209+27
3 634+55% 335+50% 24627 226+33%
7 1017+75° 448 +46™ 344452 222 £30%
14 1099 +79° 458 £44~ 388-+£44% 236+£34%
21 966+ 87 490+ 54% 36037 256+35%
30 864 +43° 573 +£48° 454 £50° 362+£35°
60 924+91% 423 +45% 439+ 56° 333+£38°
180 89045~ 421+42° 389+£35% 296+33°
365 878 +45% 468 56> 323 £26® 269+33%

Note: see Table 1.

An increase in the height of the villi of the intestinal mucosa, as well
as the thickness of the mucous membrane, occurred mainly up to 30 days
of age (Table 4). During this period, it increased in the duodenum by
66.5%, jejunum — by 196.8%, ileum — by 54.2% and rectum — by 62.0%.
During this period, it increased most intensively in the first week: in the
duodenum — by 100.0%, jejunum — by 147.5%, ileum — by 38.4% and
rectum — by 11.3%. After 30 days of age, changes in this indicator were
not significant. The height of the villi reached the highest value in the
duodenum at 14 days of age, in the jejunum and rectum at 30 days of age,
and in the ileum at 60 days of age.

Table 4

Budgerigar intestinal mucosal thickness (um) at all ages (n =5, x = SD)
Age, Intestine

days duodenum jejunum ileum rectum
1 469+ 19" 158 +25° 203 +26° 145+22°
3 591 +45® 256+21° 166+23° 150+ 14%
7 938+£92° 391 +£56“ 281 +£35° 161 £26®
14 998 + 145° 401 £35% 298 +38% 157 £23%
21 859 £43% 424+29° 277 +24% 172£20%
30 781 £25% 467+26" 313427 234+£26°
60 831 +24™ 313£24% 327+26° 229+31°
180 805 +23" 348+35° 280+31% 186+25°
365 781 +£24° 403 +23% 235437 174 +20™

Note: see Table 1.

The smallest indicators of the width of the intestinal villi were in
chicks 1-3 days old (Table 5). The increase in the width of the villi of the
intestinal mucosa, as well as their height, occurred mainly up to 30 days of
age. During this period, it increased in the duodenum by 45.8%, jejunum —
by 46.3%, ileum — by 75.9% and rectum — by 74.6%. During this period,
this indicator increased most intensively in the duodenum, ileum and rec-
tum in the first week by 52.7%, 63.5% and 56.7%, respectively, in the
jejunum — during the second week — by 26.9%. The width of the intestinal
villi reached the greatest value in the duodenum at 21 days of age, in the
jejunum and ileum — at 60 days of age, in the rectum — at 30 days of age.

Table 5

Budgerigar intestinal villi width (um) at all ages (n= 5, x+ SD)
Age, Intestine
days duodenum jejunum ileum rectum
1 675+29° 73.8+2.8 452422 473+24°
3 550+2.8" 478+25 537+27° 509+3.0°
7 103.1 £4.2% 76.5+3.0% 739+30% 741432
14 130.7 +6.0° 971457 758 +3.6% 813+44°
21 1323463 1023+£49° 72.8+3.5 779+3.7°
30 984+50% 108.0+4.7 79.5+38% 826+45"
60 101.7+62% 1113+62° 983+4.0° 80.7+4.1°
180 993+46° 88.7+44% 89.3+44% 70.5+3.8°
365 74.1+£45° 79.7+3.5% 770+33% 734+37°

Note: see Table 1.

The increase in the surface area of the villi of the intestinal mucosa, as
well as their height, occurred mainly up to 30 days of age (Table 6). Du-
ring this period, it increased in the duodenum by 143.4%, in the jejunum —
by 332.5%, in the ileum — by 170.7% and in the rectum — by 185.3%.
During this period, it increased most intensively in the duodenum in the
first and second weeks, by 35.0%, respectively, in the jejunum in the first
and second weeks, by 155.6% and 30.1%, respectively, in the ileum and
rectum — in the first week, by 126.1%, and 75%, respectively. After
30days of age, the changes in this indicator were not so significant.
Itreached the greatest value in the duodenum at 14 days of age, in the
jejunum and rectum — at 30 days of age, in the ileum — at 60 days of age.

The highest values of villi density were found in parrots 1-3 days old
(Table 7). In older birds, this figure was lower. It reached the lowest value
at 21 days of age in the jejunum and rectum, at 60 days of age — in the
duodenum and ileum.

The smallest values of the depth of the crypts of the intestinal mucosa
were typical for birds 3—7 days old (Table 8). The increase in this indicator
occurred mainly up to 30 days of age. Compared to day old chicks, it was
63.8% larger in the duodenum, 66.7% in the jejunum, 99.5% in the ileum,
and 99.7% in the rectum. During this period, such changes occurred most
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intensively in the duodenum up to 7 days of age, in the jejunum —3-21 to
30 days of age, in the ileum and rectum — from 7 to 14 days of age and
from 21 to 30 days of age. After 30 days of age, the value of this indicator
was lower compared to birds of a younger age. The depth of the crypts
reached the greatest value in the duodenum at 21 days of age, in the ileum
and rectum —at 30 days of age, in the jejunum — at 60 days of age.

Table 6

Surface area of budgerigar intestinal villi (x 10° pum?)
atall ages (n=5,x+ SD)

Age, Intestine

days duodenum jejunum ileum rectum

1 31.6+47 117+18 92+0.8® 68+0.8"
3 325+49° 123+16° 89+09° 77+10°
7 96.7+11.4 299+4.16° 20.8+2.8% 119+16°
14 130.5+£15.8° 389+5.1° 226+28 128+1.7"
21 113.7+11.8% 434+40° 202+23% 134+15%
30 769+38 506+6.5 249+3.1° 194+2.8
60 84.5+73% 348+£26" 3214259 185419
180 799+ 54% 309+29% 250+1.7¢ 13.1+£1.5%
365 579+51° 32139 18.1+1.5° 128+14

Note: see Table 1.

Table 7

Intestinal villus density of budgerigars at all ages (n= 15, x££ SD)

Age, Intestine
days duodenum jejunum ileum rectum
1 1472+1.18 1028+0.82° 1456+1.11° 1341+138°
3 889+0.78" 12.82+135  1373+122° 1350+ 1.63
7 6.10+£062% 789+030°  852+038  9.91+040°
14 6.03+0.50% 7024092  867+£092°  1071+1.02°
21 538+0.58 683057  7.80+£051®  982+063"
30 582067 712+038  7.88+067°  10.18+0.89°
60 4894043 9284058  687+072°  1140+1.11°
180 633+0.73% 939+1.02%  806+030°  1032+0.56°
365 6.92+0.70° 917+083% 844078 1023+092°

Note: see Table 1.

Table 8

Depth of budgerigar gut crypts (um) at all ages (n= 5, x + SD)
Age, Intestine
days duodenum jejunum ileum rectum
1 4784517 741+ 84 638+55 60.8+60P
3 39.1+54 682+56 681+57" 686+ 64
7 752474 492454 502+59 547459
14 97.1+12.1° 483+51° 748+70" 712+81°
21 1023459 574+67° 693+3.8 770+ 6.6
30 783+65% 95.7+86° 1273+10.7 1214+92¢
60 882+7.8% 1003+7.5° 1003 +7.5% 97.7+74%
180 86.6+52% 604+53% 970+8.1° 1023 +59¢
365 86.3+74% 520+75° 74.8+78 883+64°

Note: see Table 1.

Despite the presence of a mathematically significant age difference in
the values of the density of the crypts, we have not established any definite
regularity in its changes (Table 9).

Compared to the mucosa, the increase in the thickness of the muscu-
lar membrane of the intestine was more extended over time and differed
significantly in different intestines (Table 10). During the first month, it
increased in the duodenum by 32.5%, in the jejunum — by 16.6%, in the
ileum — by 44.3% and in the rectum — by 325.5%. Moreover, during this
period, it increased most intensively in the first week: in the duodenum —
by 19.4%, in the jejunum — by 19.0%, in the ileum — by 29.1% and rec-
tum — by 273.5%. After 30 days of age, the changes in this indicator were
greater compared to changes in the thickness of the mucosa. Compared
with the previous age, the thickness of the muscular membrane of the
duodenum at 60, 180 and 365 days of age was greater by 38.7%, 31.6%
and 28.9%, of the jejunum at 180 days of age more by 354%. At the
same time, this indicator in other age periods, as well as the ileum and
rectum did not undergo significant changes. The thickness of the muscular
membrane was the largest in the duodenum and jejunum at 365 days of
age, in the ileum — at 180 days of age, in the rectum — at 60 days of age.

Table 9

Density of intestinal crypts of budgerigars of all ages (n=5, x + SD)
Age, Intestine
days duodenum jejunum ileum rectum
1 20.1+3.0° 152+18° 187+23% 196+2.8
3 206+2.5° 147+2.1° 154+19 154+19°
7 158+1.8% 19.7+£2.8" 166+ 16" 155£1.7°
14 144+10° 17.6+19° 190+26° 16.1+2.0°
21 15.7+0.7° 173+1.8% 2024267 15319
30 132+17° 20.1£24° 214+26° 164+18%
60 166+16° 193+28° 23425 15.8+1.1%
180 17.0+2.0° 28+26 233+26° 17.0+2.1%
365 217428 241435 246+34° 16.7+0.8%

Note: see Table 1.

Table 10
The thickness of the muscular membrane of the intestines (pm)
of the budgerigars of all ages (n=5, x £+ SD)

Age, Intestine

days duodenum jejunum ileum rectum
1 320+38 652+60" 40644 196+16
3 322+42%° 902+9.0 436+60° 06+48°
7 382+52% 776+80° 524+46° 732+62°
14 374+54 7224520 546+68" 772+72%
21 380+52° 81.0+72° 582+58 820+4.8%
30 D2ALTOP 760+6.8° 586+72° 934+92%
60 58.8+4.0° 756+4.8° 57.6+£58" 96.6+9.6°
180 768+38° 1024+9.0° 640+54° 87.6+10.8%

365 99.8+74° 111.8+7.8 64.6+£42" 770+£3.6%

Note: see Table 1.

The thickness of the inner and outer layers of the muscular membrane
in the duodenum, depending on age, ranged from 24.2 to 69.8 um and
from 7.6 to 30.0 pum respectively, in the jejunum — from 51.6 to 67.4 um
and from 7.6 to 44.4 um, in the ileum — from 26.4 to 39.6 um and from
122 to 262 pm, in the rectum — from 12.6 to 64.4 um and from 7.0 to
32.2 um. Accordingly, the relative thickness of the inner layer in the duo-
denum, depending on age, ranged from 70.0% to 77.5%, in the jejunum —
from 55.8% to 79.1%, in the ileum — from 59.0% to 72.5%, in the rec-
tum— from 64.3% to 69.5%. In one year-old birds, the relative thickness
of the inner layer of the muscular membrane in the duodenum was 70.0%,
jejunum — 60.3%, ileum — 59.4%, and rectum — 68.3%. The general pat-
tern of the dynamics of this indicator was a decrease with age in the rela-
tive thickness of the inner layer and, accordingly, an increase in the thick-
ness of the outer layer.

The relative thickness of the serous membrane of the intestines of the
budgerigar in different age periods ranged from 0.8% to 2.5%. According
to the results of determining the AAI of ten morphometric parameters of
the budgerigar intestine, the presence of a mathematically significant
difference in the value of some morphometric parameters in different
intestines was established (Table 11).

Their general pattern was a decrease in such indicators as wall thick-
ness, mucosa, villi height, their surface area and an increase in creep densi-
ty in the direction from the duodenum to the rectum.

Discussion

Knowledge of the feeding habits of Psittacidae is essential to under-
standing their survival in the wild, as well as adequate human care. Hand
rearing is a common practice for parrots, but feeding research is limited
(Comegjo et al,, 2022). The development and functional activity of the
digestive organs is a determining factor in the intensity of growth and
development of birds, especially after hatching, and depends both on the
internal mechanisms of histo- and organogenesis and on external factors,
such as the composition and amount of the diet (Walthall et al., 2005).
Wild bird species have significant differences in the morphology and
physiology of the digestive organs from domestic ones. Features of the
age structural organization of the organs of the digestive apparatus of the
budgerigar are an insufficiently studied section of comparative morpholo-
gy, so their study is an urgent task.
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Table 11
Budgerigar Gut Average Age Indicator (AAI) (n=5, x+ SD)

Index Intestine

duodenum jejunum ileum rectum
Diameter, mm 27+05 20+041 18+04 19+04
Wall thickness, pm 8964+ 1854° 47434978 3895+73.1° 309.1+62.8*
Mucosal thickness, um 866.5+182.4° 428.1+954° 3573 +69.6° 267.8+52.8"
Muscle membrane thickness, pm 506+472° 83.6+£304° 549+ 164 71.0+48.8°
Villus height, pm 7837 +163.8 35144958 264.5+529” 178.7+32.6°
Villus width, yum 7124173 872+202 739+126 710+213
Villus surface are, x10° um? 7824336 316+ 129° 202+75% 129+42°
Villus density 72+30° 89+19° 94+28° 110+14°
Crypt depth, pm 7719+213 673+194 80.6+234 824+217
Crypt density 172+29® 190+32% 202+3.1° 16413

Note: see Table 1.

In the intestinal wall of the budgerigar, we have identified three
membranes: mucous, muscular and serous. The mucosa forms characte-
ristic structures: villi and crypts, which greatly increases the surface area of
the intestine. Three layers are established in the mucous membrane: epi-
thelial, lamina propria and muscular lamina. As part of the epithelial layer
of the intestinal villi, enterocytes with borders, which are the most com-
mon type of cells, goblet cells, the number of which increases towards the
rectum, were isolated. The vast majority of crypt epitheliocytes are
represented by enterocytes without a border, as well as enteroendocrine
cells. Our goblet cell data are in complete agreement with those of Rodri-
gues et al. (2012) regarding their greater number in the rectum of the ma-
caw compared to the thin section and contradicting the data of Matsumoto
et al. (2009), according to which goblet cells are absent in the intestine of
the budgerigar. The muscularis mucosa consists of 1-3 layers of smooth
muscle cells with a longitudinal orientation consistent with the data of
Feder (1969), Rodrigues et al. (2012). No submucosa was found in the
intestinal wall. This fact is consistent with the corresponding data on the
absence in domestic chickens (Hodges & Michael, 1975; Kachave et al.,
2009), and somewhat contradicts information about its presence or weak
development in the intestines of various bird species — budgerigar (Feder,
1969), macaws (Rodrigues et al., 2012), wild duck (Khaleel & Atiea,
2017), broiler chickens (Dehkordi & Shakaram, 2018), greylag geese
(Kadhim et al., 2018), roadside hawk (de Aratjo Silva et al., 2022).

For most poultry species, it is the first week of rearing that is decisive,
which determines the further growth intensity and, accordingly, the state
of resistance and productivity. The intensity of growth itself depends on
the morphofunctional state of the digestive apparatus, which must provide
the body with sufficient nutrients and biologically active substances. That
is why the first weeks of the postnatal period of ontogeny are the most im-
portant in the development of the intestine (Iji et al., 2001). Features of the
histological structure of the lamina propria of the intestinal mucosa of a
budgerigar 1-7 days old showed active processes of histogenesis of loose
connective tissue, which manifested itself in an increase in the number of
cells and fibrous structures.

The general age pattem of the dynamics of most morphometric para-
meters (with the exception of the density of villi and crypts) of the budge-
rigar intestine was their increase. Such changes occurred mainly during
the first month of the postnatal period of ontogeny. Thus, during the first
month, the thickness of the intestinal wall increased by 64.3—125.3%, the
thickness of the mucosa, by 40.8-72.9%, the height of the villi by 54.2—
196.8%, and the width of the villi by 45.8-75.9%, villi surface area by
143.4-332.5%, crypt depth — by 63.8-99.7%. During the second month,
the value of these indicators increased to a much lesser extent or even de-
creased. At the same time, during the first month of life of parrots, the
most intensive increase in morphometric parameters occurred mainly in
the first week. So, during this time, the thickness of the intestinal wall
increased by 18.1-93.1%, the thickness of the mucous membrane — by
4.2-96.0%, the height of the villi — by 11.3-100.0%, the width of the
villi— by 3.7-63.5%, villi surface area by 30.1-155.6%. Our data are
consistent with the information that the most intensive increase in the mic-
rostructures of the intestines of poultry occurs in the first two weeks of
postnatal ontogenesis (Watkins et al., 2004, Yovchev et al.,, 2013; Deh-
kordi & Shakaram, 2018). The increase in the thickness of the budgerigar
intestinal mucosa occurred mainly due to an increase in the height of the

villi. It should be noted that changes in the size of microstructures in dif-
ferent guts of parrots occurred simultaneously. In addition, even their de-
crease compared to younger age was observed, consistent with informa-
tion regarding the asynchronous development of intestinal structures (Sell
etal., 1991; Lji et al., 2001; Liu & Oberg, 2010). As pointed out by Tang
etal. (2020), chickens with a well-developed ileum thickness have an ex-
ceptional microbial composition and metabolic potential that is closely
related to small intestine morphogenesis and homeostasis. In chickens, the
height and area of the villi, as well as the depth of the crypts of the duode-
num, increase most rapidly up to 6 days of age, the jejunum and ileum —
up to 10 days of age, after which these parameters remain almost unchan-
ged (Uni et al., 1995). It is worth noting the very dynamic nature of the
increase or decrease in the size of the intestinal microstructures of budge-
rigar chicks. Along with a rapid increase in the morphometric parameters
of the parrot intestine during the first or second week of the postnatal peri-
od of ontogenesis, the high intensity of growth and development of this or-
gan emphasizes the achievement of the maximum parameters of its mic-
rostructures at a fairly early age, mainly at 21-30 days of age. Attention is
drawn to the later achievement of the greatest indicators of the thickness of
the muscular membrane of the intestines in comparison with the mucosa.
This fact probably reflects the leading role of the intestinal mucosa in
providing the body with nutrients; on the other hand, thickening of the
muscular coat is more important for its motor function in older birds.

According to Feder (1969), in the composition of the muscle mem-
brane of the intestines of the budgerigar, its outer layer is reduced and only
the inner circular layer is present, and according to Matsumoto et al.
(2009), there is no outer layer in the muscular layer of the rectum. Accor-
ding to Rodrigues et al. (2012), in macaws the muscular membrane is built
according to the usual type and consists of two layers: the inner circular
and the outer longitudinal, the thickness of which almost does not differ
from the thickness of the muscularis mucosa. According to the results of
our studies, the muscular membrane of the intestines of the budgerigar
consists of two layers — a thicker inner and thinner outer, respectively, with
a circular and longitudinal direction of the arrangement of bundles of mus-
cle cells. The relative thickness of the inner layer in the muscular coat of
the budgerigar, depending on the gut and age, was determined in the range
from 55.8% to 79.1%. In adult birds, this indicator was the highest in the
duodenum and rectum and the lowest in the jejunum and ileum. The ge-
neral pattern of the age dynamics of the muscular membrane of the intes-
tine was a decrease with age in the thickness of the inner layer and, accor-
dingly, an increase in the outer layer.

As is known, in birds, unlike mammals, the microscopic structure of
the intestine is somewhat different: the duodenum contains duodenal
glands in the submucosa, and the intestines of the large intestine do not
have villi (Al-Aaraji & Addi Ali, 2022; Awaad et al., 2022). As evidenced
by the data obtained by us, microscopically all four intestines of the bud-
gerigar: duodenal, jejunum, iliac and rectum corresponded to the general
patterns of the structure of the intestines of birds. They are similar in mic-
roscopic structure and have no qualitative differences between themselves,
which is consistent with the data of Matsumoto et al. (2009) regarding the
lack of difference in histological structure between the jejunum and ileum
in the budgerigar and data from Rodrigues et al. (2012) regarding the ab-
sence of a difference in histological structure between different segments
of the small intestine in the macaw parrot.
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According to Feder (1969), the villi in the duodenum are the longest
in the budgerigar, gradually becoming shorter and thicker towards the rec-
tum, according to Bartels et al. (1998), the villi gradually become smaller
in the caudal direction. We have made an attempt to establish the presence
or absence of differences in the quantitative parameters of the budgerigar
intestinal microstructures between different intestines. Given that each of
the indicators of the microscopic structure in each intestine changed with
age in the direction of increase or decrease, and also that such changes
occurred asynchronously between other intestines, it was difficult to com-
pare them with each other. Therefore, in order to compare their values in
different intestines, we applied the use of the average age indicator (AAI),
which was determined as the arithmetic mean of 9 age parameters of each
microstructure. In our opinion, the short period for selecting material for
research at a younger age corresponded to the high intensity of changes in
the values of the indicators. According to the results of the determination
of the AAL it was found that the thickness of the wall, mucosa, height and
surface area of the villi was the largest in the duodenum, smaller in the
jejunum, even smaller in the ileum and smallest in the rectum. In addition,
the density of the villi was the lowest in the duodenum, and the highest in
the rectum; the thickness of the muscular membrane was the smallest in
the duodenum and the largest in the jejunum. At the same time, the diame-
ter of the intestines, the width of the villi, and the depth of the crypts did
not differ significantly from each other. Therefore, our information is in
full agreement with the data of Bartels et al. (1998) and partly according to
Feder (1969). According to Rodrigues et al. (2012), the intestinal wall of
the macaw thickens in the caudal direction, and its lumen becomes smal-
ler. According to our data, the budgerigar has the largest diameter and wall
thickness in the duodenum, while in the rectum these figures are smaller.

Conclusions

Despite the worldwide distribution of the budgerigar as a pet, as well
as a significant list of diseases of their digestive organs, information on the
microscopic structure of the intestine is insufficient and contradictory.
Atthe same time, data on the structure and physiology of the digestive
organs are the basis for compiling diets, developing diagnostic and treat-
ment methods. According to the results of the research, it was found that
the histological structure of the intestine corresponded to the general pat-
terns of structure in birds. Microscopically, the duodenum, jejunum, ileum
and rectum are difficult to distinguish among themselves, the differences
relate only to quantitative indicators. The features of age-related changes
in the size of the intestinal microstructures of the budgerigar during the
first year of life, such as the diameter and thickness of the intestinal wall,
the thickness of their mucous and muscular membranes, the height of the
villi and the depth of the crypts, the surface area of the villi indicated their
increase with age, and the most intense such changes happened in the first
week. We consider it promising to study the structural features of other di-
gestive organs of the budgerigar.

The authors declare that they have no potential conflict of interest in authoring or
publishing this article.
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