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ABSTRACT

Objective: This study was carried out to investigate the anatomical, morphometric, topographic, and
histological features of the uropygial gland in adult male and female budgerigars (Melopsittacus undulatus).

Material-Method: For this study, the uropygial glands of fourteen adult budgerigars (7 male, 7 female) were
used in the study. This glandular structure located between the caudal vertebrae and pygostyle was
removed by dissection. Morphological and histological characteristics of the dissected uropygial glands
were determined. In addition, morphometric measurements and index calculations were performed. Tissue
samples were taken to determine the histological structure of the gland, that were stained with Hematoxylin
& Eosin (H&E), Masson Trichrome's and Periodic Acid Schiff-Alcian Blue.

Result: In the study, it was determined that the gland structure was heart shaped and consisted of two
lobes, a papilla and a draining duct system. Uropygial gland weight was determined as 1.57+0.96 g in male
birds and 1.52+0.09 g in female birds. As a result of the statistical evaluation, there were significant
differences between the sexes in the parameters of lobe width (p<0.05), papilla length and papilla width
(p<0.01). Also, the GULI value had a statistically significant difference (p<0.05). Histological examination
revealed that the gland had a two-lobed structure surrounded by a capsule composed of connective tissue.
It was determined that the gland had a tubuloalveolar-holocrine structure and the epithelial layer consisted
of cellular layers as germinative layer, intermediate layer, secretory layer and degenerative layer from the
periphery to the centre.

Conclusion: As a result of the study, it was determined that the morphological and histological structure of
the uropygial gland in budgerigars showed similarities with other bird species as well as showing certain
species-specific differences in general.
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INTRODUCTION The uropygial gland is located dorsally on the last
caudal vertebrae (Jacob and Ziswiler, 1982). It has
also been reported to be located dorsally in the
region between the fourth caudal vertebrae and the
pygostyl (Lucas and Stettenheim, 1972; Sawad,
2006). It has been reported to develop from a pair of
ectodermal invaginations (Jacob and Ziswiler, 1982)

Unlike mammals, bird skin does not contain sweat
and sebaceous glands. In birds, there is a specialised
structure called uropygial gland that produces oil
(Jacob and Ziswiler, 1982; King and McLelland,
1984; Reynolds, 2013).
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and to be a compound tubulo-alveolar, holocrine
gland similar to the sebaceous glands of mammals
(Wagner and Boord, 1975).

The size and shape of the glandula uropygialis,
which is usually a two-lobed organ, may vary
depending on the species (Stettenheim, 2000;
Salibian and Montalti, 2009). The gland consists of
two lobes and a papilla. The secretion produced in
the lobes is transmitted to the nipple-like papilla by
a complex duct system (Jacob and Ziswiler, 1982;
King and McLelland, 1984; Salibian and Montalti,
2009). The papilla is located just above the tail (King
and McLelland, 1984; Stettenheim, 2000). In most
bird species, bundles of soft feathers surround the
papilla (Lucas and Stettenheim, 1972; Jacob and
Ziswiler, 1982; King and McLelland, 1984;
Stettenheim, 2000). The beaks of birds are lubricated
by these brush-like feather bundles and the
secretion is distributed on the feathers in this way
(Schumacher, 1919). The gland structure, which is
present in the embryonic stages of all bird species,
may atrophy in some adult birds (Johnston, 1988;
Salibian and Montalti, 2009). It is completely absent
in a few species of the pigeon (Columbidae) and
parrot (Psittacidae) families and in some ostrich
species (Rheidae) (Johnston, 1988).The uropygial
gland, which produces an oily secretion, is also
called the preen gland (Sandilands et al., 2004;
Harem et al., 2005; Chiale et al., 2016) and secretes
its secretion through the uropygial duct that
extends to the top of the papillae of the glands
opening into the porus ductus uropygialis
(Bhattacacharyya and Ghosh, 1971; Lucas and
Stettenheim, 1972, King and McLelland, 1984;
Shawkey et al., 2003).

Johnston (1988) reported that gland size is larger in
aquatic species than in terrestrial species, while
gland size is dynamic and may increase with age
(Magller et al., 2010; Vincze et al., 2013).

The function of the glandula uropygialis is not fully
explained. While it has been reported that this
gland has functions such as feather maintenance,
defence against predators and/or parasites,
waterproofing and intraspecific communication
(Reynolds, 2013), it has been reported that the
secretion of the gland prevents the colonisation and
growth of microorganisms on feathers, skin and
eggshells due to its antimicrobial properties
(Galvan et al., 2008). The change in the weight of
this structure, which is thought to be involved in
intraspecific communication, during the breeding
season is evidence that it is associated with social or
reproductive behaviour (Kennedy, 1971). In

addition, the uropygial gland performs similar
functions to sebaceous glands involved in oil
production in mammals (King and McLelland,
1984; Salibian and Montalti, 2009). The chemical
composition of the secretory content of the gland
may also vary depending on sex (Abalain et al.,
1984), age and diet (Zik and Erdost, 2002;
Sandilands et al., 2004).

The secretory content of the gland consists of cell
debris, enzymes that enable fat synthesis, volatile
substances consisting of short-chain fatty acids,
aldehydes, aliphatic and heterocyclic aromatic
amines, ketones and dimethyl sulphides
(Bhattacacharyya and Ghosh, 1971; Burger et al.,
2004).

Morphometric measurements were performed on
bones and soft tissues in mammals and birds.
Measurement data can lead to significant
differences between species and breeds (Oziidogru
et al., 2023; Dalga, 2021).

The histological descriptions of the gland have been
made for several orders of birds and it has been
reported that it is generally surrounded by a dense
connective tissue capsule (Jacob and Ziswiler, 1982;
Chiale et al., 2016; Carril et al.,, 2019). The gland
epithelium consists of different cellular layers:
germinative layer, intermediate layer, secretory
layer and degenerative layer (Jacob and Zeman,
1972; Carril et al, 2019). In the parenchyma,
secretory tubules are arranged radially from the
periphery to the center and open into the central
cavity. In addition, the tubules are separated from
each other by compartments composed of
connective tissue (Yilmaz et al., 2018).

The budgerigar (Melopsittacus undulatus) is a
domestic bird species all over the world and is
included in the parrot family. It is one of the most
popular cage birds that has been taken from its
homeland Australia to all over the world (Petek,
2004).

There is no detailed study on the macroscopic and
microscopic structure of the uropygial gland in
budgerigars. This study was carried out to
determine the macroanatomical, morphometric and
histological structure of the uropygial gland in male
and female budgerigars and to establish a basic data
source by comparing the recorded results between
male and female animals and with data obtained
from other bird species.
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MATERIALS and METHODS

The uropygial glands of 14 budgerigars (7 females
and 7 males) were used as material in the study. The
glands were obtained from birds that did not show
any clinical signs and died for reasons unrelated to
the study. The deceased birds were obtained from a
private enterprise where they were sold and the
tissues were brought fresh to the laboratory.

Statistical analysis

IBM SPSS Statistics 23.0 programme was used for
statistical analysis. The data obtained as a result of
normally distributed measurement parameters and
index calculations were analyzed with Independent
Sample-t Test to determine the differences between
genders.

Macroscopic examination and morphometric
measurements

On macroscopic examination, the topographic
location of the wuropygial gland was firstly
determined. The glands were separated from the
surrounding tissues by dissection. The weights of
the glands were measured with a precision balance
(Weightlab-  WL-303L). The glands were
photographed (Canon EOS 2000D, Japan) under a
stereomicroscope  (Olympus  SZ61, Japan).
Considering the morphological characteristics of
the gland, the images taken under stereomicroscope
were transferred to Image]J (1.4) for morphometric
measurements. Jacob and Ziswiler, (1982) were
used as a guide for morphometric measurement
points. Nomina Anatomica Avium (Baumel et al.,
1993) was used for nomenclature of anatomical
terms. Seven morphometric measurements and
four index calculations were made from the glands.
Morphometric measurement parameters and index
abbreviations and descriptions were given below.
Also, these parameters were shown in Figure 1.

Morphometric parameters:

LW: Live weight

GW: Gland weight

GUW: Glandulae uropygialis width
GUL: Glandulae uropygialis length
PUL: Papilla uropygialis length
PUH: Papilla uropygialis height
Index parameters:

Relative gland weight index (RGWI) = Gland
weight (GW) x 100 / Live weight (LW),

Lobus glandulae uropygialis index (LGUI) =
Glandulae uropygialis length (GUL) / Glandulae
uropygialis width (GUW),

Papilla uropygialis index (PUI) = Papilla
uropygialis height (PUH) / Papilla uropygialis
length (PUL),

Glandulae uropygialis length index (GULI) =
Glandulae uropygialis length (GUL) / Papilla
uropygialis length (PUL).

Histological examination

The uropigial glands were fixed in 10% buffered
formalin solution for 48 hours. After fixation step,
all tissues were dehydrated in ascending grades of
ethanol, cleared in xylene, and then embedded in
paraffin. Paraffin blocks were cut at a thickness of 4
pm and stained with Haematoxylin-eosin (H&E)
for histological examination, Masson's Trichrome
(MT) for collagen and smooth muscle fibres, and
Periodic Acid Schiff-Alcian Blue (Ph: 2.5) for the
character of secretion produced. Chicken intestinal
tissue was used as a positive control for PAS-AB
staining.

The procedures applied in the present study were
approved by the Siirt University Experimental
Animals Application and Research Centre with the
ethics committee report numbered 2023/01/04.

RESULTS

In our study, the presence of uropygial gland was
observed in all budgerigars. The gland was located
dorsally in the region between caudal vertebrae and
pygostyle. After the feathers were removed, the
gland was covered with a thin layer of superficial
skin (Figure 2-A). Anatomically, the gland structure
consisted of two lobes and a papilla system (Figure
2-B, C). Both dorsal and ventral sides of the lobes
showed a distinct convexity. The lobes appeared
symmetrical when viewed from the outside. They
resembled the heart in shape and there was a short
papilla at the caudal junction of the ends of the lobes
(Figure 2-C). Numerous holes (porus glandulae
uropygialis) were observed on the papilla, which
allowed the internal secretion to flow out. In
addition, many bristle structures were observed on
these holes (Figure 2-C). The gland was divided into
two lobes by an interlobarseptum (Figure 2-D)
formed by connective tissue. Inside the lobes, it was
determined that there was a light-yellow secretion
material with a dense consistency.

The uropygial gland weights of male and female
budgerigars were measured as 1.57+0.96 g and
1.52+0.09 g, respectively. As a result of statistical
evaluation, GUW (p<0.05), PUL and PUH (p<0.01)
parameters were significantly different between
sexes. GUW, PUL and PUW parameters were found
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to be higher in male budgerigars than females. At
the same time, as a result of the index calculations,
there was no difference between the sexes in terms
of relative RGWI, LGUI, and PUI, whereas GULI
value was higher in female birds and showed a
statistical difference between the sexes (p<0.05).
Descriptive statistics and p values for the
measurement parameters are presented in Table 1
and for the index values in Table 2.

Figure 3. Masson's Trichrome staining X4, zI: zone
L zII: zone II; zIII: zone III, C: Capsule, is:
Interlobar septum.

Figure 1. Dorsal view of the uropygial gland in the
female budgerigar. PUH: Papilla uropygialis height,
PUL: Papilla uropygialis length, GUL: Glandulae
uropygialis length, GUW: Glandulae uropygialis
width.

Figure 4. A: The capsule of the uropygial gland. MT
staining. x40, B: The interstitial connective tissue of
the uropygial gland. H&E. x40, C: Glycogen
deposition in the uropygial gland. PAS-AB staining.
X40. *: Secretion, Arrowhead: Capsule, Arrow:
Interstitial Connective Tissue (Trabecula).

Figure 2. A: Pre-dissection view of uropygial gland
in the female budgerigar (dorsal), B: Post-dissection
view (dorsal), C: View of the uropygial gland
separated from the surrounding tissues and body
(dorsal), D: View of the internal structure of the
uropygial gland in median section. a: tail muscles,
b: lobus glandulae uropygialis, c: papillae uropygialis, d:
papillae bristle (pluma), s: secretion, *: interlobular
septum (external (C) and internal (D) view).

X10 Double sided srrow: Adenomer, L: Lumen, C:
Capsule, *:Ductus glandulae uropygialis, Si: Septum
interlobare.
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Table 1. Descriptive statistics and p values of morphometric measurement parameters of uropygial gland in
budgerigars. LW: Live weight; GW: Gland weight; GUW: Glandulae uropygialis width; GUL: Glandulae
uropygialis length; PUL: Papilla uropygialis length; PUH: Papilla uropygialis height.

Average Male Female
Parameters Mean+SE Min. Max. Mean+SE Mean+SE P
LW (g) 40.77+0.68 30.40 38.40 43.38+0.84 38.17+1.11 0.58
GW (g) 1.54+0.06 1.18 1.98 1.57+0.96 1.52+0.09 0.70
GUW (mm) 1.39+0.01 1.30 1.47 1.41+0.01 1.36+0.01 *<0.05
GUL (mm) 1.87+0.02 1.73 2.00 1.87+0.39 1.88+0.26 0.88
PUL (mm) 0.53+0.02 0.39 0.65 0.60+0.01 0.45+0.02 *<0.01
PUH (mm) 0.60+0.02 0.45 0.72 0.67+0.01 0.53+0.02 *<0.01
*: p<0.05

Table 2. Uropygial gland index values in budgerigars. RGWI: Relative gland weight index; LGUI: Lobus

glandulae uropygialis index; PUI: Papilla uropygialis index; GULI: Glandulae uropygialis length index.

Average Male Female
Index parameters Mean+SE Min. Max. Mean+SE Mean+SE P
RGWI 0.04+0.001 0.04 0.05 0.04+0.002 0.04+0.001 0.53
LGUI 1.35+0.015 1.21 1.41 1.32+0.027 1.38+0.003 0.08
PUI 1.14+0.011 1.08 1.25 1.11+0.009 1.16+0.018 0.05
GULI 3.05+1.66 1.62 4 2.77+0.083 3.32+0.297 0.02*

*: p<0.05

Histological examination revealed that the gland
structure consisted of two lobes and one papilla.
MT staining showed that the capsule (Figure 3,4) on
the outer part of the glands was stained in a
distinctly blue color and branched between the
adenomers (Figure 5), limiting them. The
interlobular septa (Figure 3) were found to be
devoid of fibrocytes. It was determined that the
gland had a tubuloalveolar-holocrine structure. The
epithelial layer of the gland consisted of four cell
layers from the periphery to the center: basal cell,
intermediate cell, secretory cell and degenerative
cell (Figure 6). H&E staining showed that the nuclei
of the cells in the peripheral parts of the adenomeres
were centrally located and their cytoplasm
contained eosinophilic, secretory material. The
cytoplasm of the cells closer to the lumen became
light-colored vacuolar and the nuclei shifted to the
periphery.

PAS-AB staining showed a weak light blue staining
in the cytoplasm of the peripheral cells (glycogen).
The cytoplasm of the central cells was not stained
and the nuclei were pushed aside (lipid). The
secretion in the lumen of the glands was moderate
and the thin interstitial connective tissue (trabeculae

- Figure 4) between the glands was weakly stained
light blue (positivity). Histological examination
revealed the presence of drainage ducts, which
opened and terminated into two large ducts (ductus
glandulae uropygialis) located caudal to the gland
(Figure 5). On the papillae, the presence of
numerous holes for the outflow of the secretion was
identified (porus ductus glandula uropygialis-Figure
7) The presence of Herbst corpuscule was also noted
(Figure 8).

Figure 6. The epithelial layers of the uropygial
gland. A: MT staining. X40, B: PAS-AB staining.
X40. V: Vena, L: Lumen, a: Degenerative cells, b:
Secretory cells, ¢: Intermediate cells, d: Basal cells.
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Figure 7. The secretion of the uropygial gland. H&E
staining X4. S: Secretion, PT: Peripheral tubule,
Arrow: Ductus glandulae uropygialis, *: Porus ductus
glandulae uropygialis.

Figure 8. The Herbst corpuscule. H&E staining. X40
Arrows: Herbst corpuscules.

DISCUSSION

Although the gland is present in the embryonic
stages of almost all bird species, it may atrophy in
adults of certain orders, families, genera and species
(Johnston, 1988, Salibian and Montalti, 2009). In our
study, it was observed that uropygial gland was
present in all of the budgerigars examined.

In different birds, the gland is located at the base of
the tail, on the pygostyle muscles (Johnston, 1988;
Sawad, 2006), between the caudal aspect of the
lumbosacral bone and the first coccygeal vertebra
(Kozlu et al., 2011). It has been reported to be found
on the last caudal vertebra (Jacob and Ziswiler,
1982), in the region between the fourth caudal
vertebra and pygostyle (Lucas and Stettenheim,
1972; Yilmaz et al, 2018) and generally on free
caudal vertebrae (Moreno-Rueda, 2016; Yilmaz and
Yilmaz, 2019). In our study, it was determined that
the uropygial gland was located dorsally in the

region between the caudal vertebrae and the
pygostyle in accordance with the literature.

The size and shape of the uropygial gland have
been reported to vary among species (Tasbas, 1996;
Salibian and Montalti, 2009). While the shape of the
gland was reported to be heart-shaped in chickens
(Y1lmaz et al., 2018), it was reported to be similar to
the letter "V" in water birds (Gezici, 2002). In the
present study, it was detected that the shape of the
uropygial gland was heart-shaped and surrounded
by a capsule of connective tissue in accordance with
what has been reported in gulls (Chiale et al., 2014),
monk parrots (Carril et al., 2019) and flamingos
(Chiale et al., 2021). The gland was also located
directly under the skin.

It has been reported that the gland anatomically
consists of two lobes (Jacob and Ziswiler, 1982;
Mobini and Ziaii, 2011; Kozlu et al., 2011) and these
lobes consist of numerous holocrine secretory
alveoli opening into the central cavity (Lucas and
Stettenheim, 1972, Menon et al., 1981; Jacob and
Ziswiler 1982). It has been stated that the ducts open
outwards through a nipple-like papilla located
towards the tail, in the midline and dorsally (Gezici,
2002). In the present study, a single papilla structure
was observed and the anatomical structure of the
gland was similar to the literature. In addition, in
accordance with the literature (Chiale et al., 2014;
Yilmaz and Yilmaz, 2019), it was identified that
there were many bristle structures around the
papilla. The papilla structure, which was reported
to have a conical shape in Psittaciformes species
(Jacob and Ziswiler, 1982), was reported as
cylindrical in the Monk parrot (Carril et al., 2019).
In our study, the papilla structure was found to
have a cylindrical shape. On the caudal end of the
papilla structure, the presence of numerous holes
(porus glandulae uropygialis), which are involved
in the discharge of the incoming secretion through
two uropygial gland ducts, was noted.

Chen et al. (2015) reported that the weight of the
uropygial gland varied with age, and the gland
weights of female and male mule ducks at 49 days
of age were 4.76 g and 6.23 g, respectively. In
addition, Elder (1954) stated that gland weights can
vary greatly seasonally and according to sex. The
uropygial gland weights of adult male and female
mallard ducks were reported as 4.02+0.26 g and
5.10+0.22 g, respectively (Y1lmaz and Yilmaz, 2019).
The same value was founded as 0.95+0.15 g and
0.91+0.26 g in Aseel breed roosters and chickens,
respectively (Yilmaz et al., 2018). In our study,
these values were measured as 1.57+0.96 g and
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1.52#0.09 g in male and female budgerigars,
respectively.

In previous studies, RGWI was determined as 0.29-
0.34 g/100 g in mule ducks (Chen et al., 2015), while
it was reported as 0.31 and 0.28 in male and female
mallard ducks, respectively (Yilmaz and Yilmaz,
2019). The RGWI was reported as 0.08 in owls
(Elder, 1954). In our study, this value was found as
0.04+0.001 on average, close to the value reported in
Aseel breed roosters and chickens (Yilmaz et al,,
2018) and smaller than the RGWI value determined
in Tyto alba (Y1lmaz and Yilmaz, 2020).

In a study conducted in endemic bird species in
New Zealand, Reynolds (2013) determined the
LGUI of glandula uropygialis as 1.4, 1.3, 1.2
respectively. In the same study, the GULI was
reported as 4.3, 5, 4.2 respectively. Yilmaz et al.
(2018) determined that LGUI values in Aseel breed
roosters and hens were 1.64 and 1.87, respectively,
and GULI values were 3.35 and 5.4, respectively.
The LGUI value determined in our study was
smaller than the values reported in male and female
mallard ducks (Yilmaz et al., 2018), while the GULI
value was higher than these ducks. In our study, the
same index values were higher than the values
reported in Tyto alba (Yilmaz and Yilmaz, 2020).

In our study, the uropyigial gland had a holocrine
gland structure surrounded by a dense connective
tissue capsule as reported in many literatures. In
addition, thin connective tissue trabeculae
branched from the capsule into the organ and
bounded around the adenomeres (Yilmaz and
Yilmaz, 2020). In histological examinations
observed in most bird species such as flamingo
(Chiale et al., 2021), parrot (Carril et al.,, 2019),
pigeon (Chiale et al., 2019), cormorant (Stangier et
al.,, 2023), magpie (Balkaya et al., 2016), both lobes
forming the gland consist of tubules located around
a central lumen (Kozlu et al., 2011; Chiale et al.,
2016). In our study, in accordance with the
literature, it was founded that the functional part of
the gland structure consisted of tubulo-alveolar
secretory units (adenomers) covered with stratified
epithelium, and the epithelial cells were classified
as basal or germinative cell layer, intermediate cell
layer, secretory cell layer and degenerative cell
layer. It has been reported that the uropygial gland
of poultry species such as geese (Hou, 1928), grouse
(Sawad, 2006) and starlings (Sadoon, 2011) are
completely devoid of smooth muscle cells.
However, the presence of smooth muscle cells in the
structure of the gland, especially in the interlobar
septum and interfollicular septum, has also been

reported in studies (Lucas and Stettenheim 1972;
Balkaya et al., 2016, Yilmaz and Yilmaz?2019;
Madkour et al., 2023). Similarly, smooth muscle
cells were found in the magpie, especially in the
trabeculae (Balkaya et al., 2016). In our study,
smooth muscle cells were found in the interlobular
septum and interfollicular septum. In accordance
with Balkaya et al. (2016), the presence of
fibroblasts, smooth muscle cells and blood vessels
were observed in the trabeculae. It was observed
that smooth muscle cells were more concentrated
especially in the trabeculae around the central
lumen. The secretion produced was delivered to the
papilla through small and narrow drainage ducts
within the gland. Kozlu et al., (2011) and Yilmaz
and Yilmaz (2019) determined that the draining
duct opening to the glands was located in the centre
of the lobe. In our study, similar to Tyto alba
(Yilmaz and Yilmaz, 2020), the drainage ducts
opened into several collecting ducts caudal to the
gland. Yilmaz and Yilmaz (2020) stated that this
may be related to the fact that the owl is not an
aquatic bird.

In some studies, it can be seen that gland lobules are
divided into three regions according to epithelial
height and lumen width (Lucas and Stettenheim,
1972; Yilmaz and Yilmaz, 2020). In these zones,
which were divided as zone I, zone II and zone III,
respectively towards the centre under the capsule,
germinative cell layer, intermediate cell layer,
secretory cell layer and degenerative cell layers
were determined from outside to inside, consisting
of different numbers of layers. In agreement with
the literature, the intermediate and secretory cell
layers were much thinner in zone Il compared with
the other two zones (Abalain et al., 1984; Chiale et
al., 2016; Carril et al., 2019; Chiale et al., 2021;). In
addition, the cell layers in all zones consisted of
irregularly arranged intermediate cells and
secretory cells with a small number of degenerative
cell layers at the innermost layer. In accordance
with Yilmaz and Yilmaz (2020), intermediate cells
have acidophilic cytoplasm and basophilic nucleus.
In our study, the lumen of the secretory cells
contained numerous large and small, white-
coloured fat vacuoles. It was also noted that larger
fat vacuoles were present in the cytoplasm of
degenerative cells.

Studies on the uropygial gland of Chilean flamingo
and Monk parakeet revealed the presence of
glycoconjugates containing carboxyl groups and
sulphated esters, which reacted positively with
PAS- AB (pH:2.5). These compounds are associated
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with protective functions in various organs
(protecting and maintaining feathers) (Diaz et al.,
2008; Yashpal et al., 2014; Chiale et al., 2016). In a
study conducted in falcons, the germinative cell
layer, germinative membrane and secretion of the
adenomere were shown to be PAS-positive (Chiale
et al., 2016). The high number of acidophilic cells
indicates that there is a large amount of oil synthesis
in the gland. (Yilmaz et al., 2018). In our study,
staining with Periodic Acid Schiff-Alcian Blue
(PAS-AB) showed a weak light blue staining
(glycogen) in the cytoplasm of the cells in the
peripheral region, while the cytoplasm of the
central cells was not stained and the nuclei were
pushed aside, indicating a large amount of fat
synthesis.

In the light of these results, it was thought that the
intracellular secretion in the peripheral region of the
glands was mostly glycogen-derived in
histochemical staining and changed to lipid
character as the secretion pushed the nucleus aside
as it descended towards the lumen.

The presence of Herbst's corpuscles, which was
revealed for the first time by Harem et al. (2005) in
wild ducks, was not determined in mallard ducks
by Yilmaz and Yilmaz (2019). In our study, the
presence of Herbst's corpuscles was observed
similar to laughing dove (Madkour et al., 2023).

CONCLUSION

As a result of macro-anatomical and histological
findings, it was determined that the uropygial
gland in budgerigars resembles most terrestrial bird
species with its characteristics such as being
surrounded by a fibrous capsule, consisting of two
lobes and a papilla system, being heart-shaped,
having draining ducts opening into several
collecting ducts located caudal to the gland, the
location of lymphoid follicles and the presence of
Herbst corpuscles, but it also shows significant
differences with aquatic bird species and some
endemic bird species.
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