
Research Highlights

• The uropygial gland consisted of a system of two lobes and one papilla in each of

male and female turkeys.

• The glandular lobes consisted of follicles surrounded by connective tissue, while

the follicles were connected to each other by interfollicular septae.

• The results obtained in morphometric measurements revealed statistical differ-

ences between male and female birds.

• Histological examination showed periodic acid Schiff (PAS) (+ ) reaction in the

basal membranes of tubule epithelial cells and secretion.

• Lymphoid cell communities were found in both connective tissue and intertubular

regions.

• The fact that the reaction was not glycogen-induced was determined by the

observation of PAS positivity as a result of staining with the PAS-diastase

technique.

1 | INTRODUCTION

Birds lack sebaceous and sweat glands, whereas mammals have abun-

dant eccrine, apocrine, and sebaceous glands. The glandulae uropy-

giale (preen gland) of birds is a unique structure that may resemble

the sebaceous glands of mammals (Jacob & Ziswiler,1982; King &

McLelland,1985; Reynolds,2013).

A study of 126 species, 49 families in total, reports that the uro-

pygial gland is present in phylogenetically distant birds

(Tinamidae-Hirundinidae) or, conversely, is absent in phylogenetically

close taxa (somePsittacidaeand Columbidae), according to the phylo-

genetic classification of birds (Morony et al.,1975), the developmental

trend of the gland is independent of the lineage of birds (Montalti

et al., 2000).

Studies have shown that the uropygial gland is more developed in

waterfowl than in land birds (Farner et al., 1982). The gland is topo-

graphically located on the last caudal vertebra (Johnston,1988) and in

the region between the fourth caudal vertebra and the pygostyle

(Lucas & Stettenheim, 1972; Yõlmaz et al., 2018). It has also been

reported to be located on the last sacral and first caudal vertebrae in

quail (Atalgõn & Kürtül, 2008) and neighboring the caudal muscles in

quail and turkeys (Farner et al., 1982; Özcan et al., 2004;

Rajathi,2019).

The gland usually consists of two lobes and a duct system (Carril

et al., 2019; Çõnar & Kelek, 2014; Rajathi,2019). The lobes are sepa-

rated from each other by the interlobular septum from the inside

(Carril et al.,2019; Haydar,2005; Yõlmaz et al.,2018). The duct system

transfers the produced oily secretion to a typical nipple-like papilla

located on the tail (King & McLelland, 1985). It has a tuft of feather

around the papilla (Lucas & Stettenheim,1972; Schumacher,1919).

The shape and size of the gland differ between species (Jacob &

Ziswiler, 1982).

The secretion of the gland consists of oil-synthesizing enzymes,

cell debris, and volatile substances (Bhattacacharyya & Ghosh,1971;

Burger et al., 2004; Campagna et al.,2012). Secretion content varies

according to sex, age, diet, and sexual period (Sandilands et al.,2004;

Serbest,2004; Zõk & Erdost, 2002).

Although the function of the gland is controversial, its secretion

has been reported to have effects such as feather care (Chiale

et al., 2021; Reynolds,2013), indirect cell regeneration, cell growth,

and differentiation (Liu, Qi, et al., 2022), antibacterial (Chiale

et al., 2020; Galván et al.,2008; Shawkey et al.,2003), pheromone-

like in sexual behavior (Liu et al.,2022a; Zhang et al.,2010), protec-

tion against predators, or parasites (Caspers et al.,2021).

Histologically, the gland is surrounded externally by a dense con-

nective tissue capsule (Carril et al.,2019; Chiale et al.,2016). Gland

epithelium consists of different cellular layers in the form of a germi-

native layer, intermediate layer, secretory layer, and degenerative

layer (Carril et al.,2019; Jacob & Zeman,1972). Some studies have

reported that the gland is a compound tubulo-alveolar holocrine, ecto-

dermal invagination (Jacob & Ziswiler,1982; Sandilands et al.,2004;

Wagner & Boord, 1975). In addition, it has been reported that the

gland in quail, roosters, Aseel breed roosters and chickens, and ducks

has a simple tubular structure with holocrine-type secretion (Çõnar &

Kelek, 2014; Harem et al., 2005; Suzuki & Kusuhara,1996; Yõlmaz

et al., 2018; Zõk & Erdost, 2002).

The turkey (Meleagris gallopavo) is a bird in the order Galliformes,

family Phasanidae. It has been recognized as a species with several

subspecies of its wild ancestor spread over a wide area from southern

Canada to southern Mexico. It was reported to have been domesti-

cated before Christopher Columbus discovered the Americas

(Crawford, 1992; Thornton, 2016). The structure of the uropygial

gland in some bird species in the orderGalliformeshas been studied

macroscopically and microscopically (Çõnar & Kelek, 2014;
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Demõrcõoglu et al., 2019; Rajathi,2019). Apart from routine triple and

Hematoxylin & Eosin (H&E) stains, histochemical stains are available

(Chiale et al.,2016, 2019; Çõnar & Kelek, 2014). In addition, scanning

electron microscopy (SEM) studies are quite limited. In the literature,

there is a study on macroscopic and some morphometric features of

the uropygial gland in turkeys (Rajathi,2019). However, no macro-

scopic, morphometric, or microscopic examination of this gland about

sex differences was found. This study is the first study to investigate

macroscopically, morphometrically, and microscopically the uropygial

gland in turkeys depending on sex. Microscopic examination was per-

formed using light and SEM.

2 | MATERIALS AND METHODS

Glandulae uropygialisof a total of 13 turkeys (7 females and 6 males)

were used as material in the study. The glands were obtained from

turkeys that did not show any clinical findings and died from reasons

unrelated to the study. The tissues were delivered fresh to the labora-

tory. The turkeys were brought to the laboratory in autumn and no

evidence of a reproductive cycle was observed.

2.1 | macroscopic examination

On macroscopic examination, the topographic location of the uropy-

gial gland was first determined. The glands were separated from the

surrounding tissues by dissection. The weights of the uropygial glands

separated from the surrounding tissues were determined with a

precision scale (Weightlab WL-300L) and the glands were photo-

graphed (Canon EOS 2000D, Japan). Digital caliper (Mitutoyo, CDN-

20C, Japan) and ImageJ (1.4) software were used for morphometric

measurements considering the morphological features of the gland. In

addition, images of the ductus glandulae uropygialis were taken with a

stereomicroscope (Olympus SZ61, Japan). Morphometric measure-

ments were guided by Yõlmaz and Yõlmaz (2019). Nomina Anatomica

Avium (Baumel et al.,1993) was used for nomenclature of anatomical

terms. Morphometric measurement parameters and abbreviations are

given below. These parameters are also shown in Figure1.

2.1.1 | Morphometric parameters

LW: live weight.

GW: gland weight.

GUW: glandula uropygialis width.

GUH: glandula uropygialis height.

GUL: glandula uropygialis length.

PUW: papilla uropygialis width.

PUH: papilla uropygialis height.

2.1.2 | Index parameters

Relative gland weight index (RGWI)= gland weight (GW)� 100/live

weight (LW), lobus glandula uropygialis index (LGUI)= glandula uro-

pygialis length (GUL)/glandula uropygialis width (GUW), papilla uropy-

gialis index (PUI)= papilla uropygialis height (PUH)/papilla uropygialis

F IGURE 1 Dorsal (a) and lateral (b) views of the glandula uropygialis in the female turkey. GUH: glandula uropygialis height; GUL, glandula
uropygialis length; GUW, glandula uropygialis width; PUH, papilla uropygialis height; PUW: papilla uropygialis width.
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width (PUW), glandula uropygialis length index (GULI)= glandula

uropygialis length (GUL)/papilla uropygialis width (PUW).

2.2 | Histological examination

For histological procedures, tissues were fixed in a 10% neutral buff-

ered formalin solution for 24 h at room temperature, and routine tis-

sue processing procedures were applied. After dehydration in 70%

ethanol, 80% ethanol, 96% ethanol, and absolute ethanol, the uropy-

gial gland tissues were embedded in paraffin wax and 5μm sections

were cut. Tissue sections were mounted on polylysine-coated slides

and incubated for 1 h at 37�C in an oven. Slides were stained with tri-

ple Masson staining modified by Crossman (1937), Hematoxylin &

Eosin, and periodic acid Schiff (PAS) staining methods. The sections

were also stained with PAS-diastase to detect the presence of glyco-

gen and Orcein staining for elastic fibers. All slides were examined

under the light microscope (Nikon Eclipse 80i Microscope, Tokyo,

Japan). Photography was taken with Nikon Ds Camera Control Unit

DS-L1 (Tokyo, Japan).

2.3 | Scanning electron microscope

SEM images were obtained using the scanning electron microscope in

Balõkesir University Science and Technology Application and Research

Centre. After dissection of the tissues under stereomicroscope, they

were kept in 2.5% (pH: 7.2) glutaraldehyde solution for 1 day. After

the completion of the first fixation step, it was washed three times at

10 min intervals with 0.1 M Phosphate buffer with pH: 7.4 with

0.1 M phosphate buffer. The second fixation step was completed

with osmium tetroxide for 2 h by rotating in a rotator at room temper-

ature. Afterward, it was washed three times in phosphate buffer for

10 min each. The tissues were dehydrated at+ 4�C in 25%, 50%, 75%,

and 90% ethyl alcohols for 15 min each. Following dehydration, they

were kept in 96% and 100% ethyl alcohol for 30 min each. The drying

phase was completed in an oven at 60�C for 2 days. Finally, the

follow-up was finalized with gold plating (Baygeldi et al., 2023).

The nomenclature of the SEM images was guided by the study of

Madkour et al. (2023) on pigeon uropygial glands.

2.4 | Coloring of the SEM images

The Photo Filter 6.3.2 program, which has been used in many previous

studies (Madkour et al.,2023; Madkour & Kandyel, 2022), was used to

visualize SEM images differently and to distinguish different structures.

2.5 | Statistical analysis

IBM SPSS Statistics 23.0 program was used for statistical analysis.

The data obtained as a result of measurement parameters and index

calculations showing normal distribution were analyzed by

Independent Samples-t test to determine the differences between

genders.

3 | RESULTS

In our study, the presence of the uropygial gland was observed in all

turkeys. The gland was topographically located on the last caudal ver-

tebrae. It was covered with a thin skin (Figure 2a). The gland was

observed to be embedded in a layer of adipose tissue (Figure2b). It

was determined that the gland consisted of two lobes and a papilla

system (Figure2c,d). The lobes had a symmetrical appearance from an

external view. The dorsal and ventral surfaces showed a distinct con-

vexity. It was observed that it resembled the heart in shape and the

ends of the lobes merged caudally. There was a short papilla at

the caudal end of the gland. Numerous holes (porus glandulae uropy-

gialis) were observed on the papilla, which allowed the secretion to

drain out. In addition, many feather structures (Figure 2c,d) were

observed in these holes. The gland was divided into two lobes by a

septum interlobare(Figure3). In addition, the presence of ducts named

ductus glandulae uropygialis was determined under a stereomicro-

scope (Figure3). Inside the lobes, a brown secretion material with a

dense consistency attracted attention. The general characterization of

glandula uropygialis in turkeys was presented in Table1.

In male and female turkeys, uropygial gland weights were mea-

sured as 2.50 ± 0.16 g and 3.04 ± 0.21 g, respectively. As a result of

the statistical evaluation, glandula uropygialis lobe length, papilla

width, and papilla height (p < .05) parameters were significantly differ-

ent between the sexes. It was determined that glandula uropygialis

lobe width, papilla width, and papilla height parameters were larger in

male turkeys than in females. At the same time, as a result of the

index calculations, it was determined that there was no difference

between the sexes in terms RGWI, LGUI, and GULI, while PUI value

was higher in male turkeys and showed a statistical difference

between the sexes (p < .05). Descriptive statistical values andp values

of measurement parameters and index values are presented in

Tables2 and 3, respectively.

The first histological finding was that the glandula uropygialis was

embedded in a dense adipose tissue (Figure4). In each of the

histological staining, both female and male turkeys' uropygial glands

histological structures were shown the same structures. The gland

was a bi-lobed structure surrounded by a thick fibrous capsule. There

were blood and lymph vessels, nerve fibers, adipocytes, and smooth

muscle bands in the capsule. The capsule was divided the gland ven-

trally down between the lobes to form the interlobular septum where

blood and lymph vessels, nerve fibers, and adipocytes were located

(Figures5 and 6). The gland structure was determined to be tubular. It

was seen to have a simple branched tubular structure in some areas,

but mostly a simple tubular gland structure. Each lobe of the organ

consisted of several secretory tubules. All tubules were separated

from each other by a thin connective tissue. The secretory tubules

were divided into central and peripheral tubules. Although the lumens

of the central tubules were wide, no distinct lumen structure was

observed in the peripheral tubules (Figure7). Secretory products were
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observed in some of the central tubule's lumen (Figures7 and 8). The

central and peripheral secretory tubules were composed of four dis-

tinct layers differing in shape and cell arrangement basal cell layer,

intermediate cell layer, secretory cell layer, and degenerative cell layer

(Figure8). The intermediate cell layer consisted of 2–3 layers of poly-

hedral cells with eosinophilic cytoplasm and centrally located nuclei.

Different-sized, vacuolated, polyhedral cells, and containing secretory

granules, were observed to form the secretory cell layer. The degener-

ated cell layer adjacent to the tubule lumen was composed of cells

with pyknotic nuclei and pale cytoplasm (Figure8). In the parts of the

interlobular septum close to the papilla, dense amounts of adipose tis-

sue, nerve fibers, and smooth muscle structures were observed. In our

study, lymphoid tissue cell communities were located both between

the tubular glands (Figure7a) and in the connective tissue forming the

interlobular septum (Figure 6b). The excrete ducts opened into two

big collector ducts (ductus glandulae uropygialis) caudal to the gland

F IGURE 2 Glandula uropygialis in the
female turkey before dissection (a-dorsal
view); After dissection (b, c-dorsal view);
glandula uropygialis separated from
surrounding tissues (d-dorsal view). a: tail
muscles; b: lobus glandulae uropygialis;
c: papilla uropygialis; arrow: layer of
adipose tissue; arrowhead: papilla
feathers (pluma); *: tail feathers.

F IGURE 3 Internal view of glandula uropygialis in female turkey
(under stereomicroscope). Cv: central cavity; *: interlobular septum;
S: secretion; arrows:ductus glandulae uropygialis; arrowhead: papilla
feathers (pluma).
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(Figure 9a,b). PAS (+ ) reaction was observed in the basal mem-

brane and secretory material (Figure8b). The fact that the reac-

tion was not glycogen-induced was determined by the

observation of PAS positivity as a result of staining with the

PAS-diastase technique (Figure10a). As a result of Orcein stain-

ing, elastic fibers were found in the capsule surrounding the uro-

pygial gland and in the intertubular and interlobular septum

(Figure 10b).

TABLE 1 General characterization of glandula uropygialis in turkey.

Localization Number of ducts Presence of chamber
Lobe
shape Tubule shape

On the last caudal
vertebrae

Two main large ducts (ductus
glandulae uropygiale)

Two large chambers for
each lobe

Heart-
shaped

In some sections, simple branched tubular,
mostly simple tubular

TABLE 2 Descriptive statistics andp values of morphometric measurement parameters of uropygial gland in turkeys.

Average
Male Female

Parameters Mean ± SE Minimum Maximum Mean ± SE Mean ± SE p

LW (g) 8182 ± 76.33 7750 8530 8088 ± 114.06 8291 ± 76.33 0.197

GW (g) 2.75 ± 0.15 1.80 3.34 2.50 ± 0.16 3.04 ± 0.21 0.407

GUW (mm) 12.83 ± 0.42 10.25 15.18 13.40 ± 0.55 12.35 ± 0.60 0.233

GUL (mm) 23.15 ± 0.58 20.65 27.11 24.51 ± 0.85 21.98 ± 0.47 <0.05

GUH (mm) 6.46 ± 20.71 5.58 7.83 6.23 ± 0.32 6.65 ± 0.26 0.295

PUH (mm) 10.93 ± 0.52 8.53 14.21 12.43 ± 0.66 9.65 ± 0.34 <0.05

PUW (mm) 10.34 ± 0.34 8.27 11.73 11.34 ± 0.14 9.48 ± 0.39 <0.05

Abbreviations: GUH, glandula uropygialis height; GUL, glandula uropygialis length; GUW, glandula uropygialis width; GW, gland weight; LW, live weight;
PUH, papilla uropygialis height; PUW, papilla uropygialis width.

TABLE 3 Uropygial gland index values in male and female turkeys.

Average
Male Female

Index parameters Mean ± SE Minimum Maximum Mean ± SE Mean ± SE p

RGWI 0.03 ± 0.001 0.02 0.04 0.03 ± 0.002 0.03 ± 0.002 0.534

LGUI 1.81 ± 0.058 1.45 2.11 1.84 ± 0.092 1.79 ± 0.078 0.721

PUI 1.12 ± 0.060 0.86 1.59 1.29 ± 0.078 0.97 ± 0.036 <0.05

GULI 2.40 ± 0.109 1.79 3.15 2.61 ± 0.176 2.22 ± 0.100 0.068

Abbreviations: GULI, glandula uropygialis length index; LGUI, lobus glandula uropygialis index; PUI, papilla uropygialis index; RGWI, relative gland weight
index.

F IGURE 4 Capsule and adipose tissue of uropygial gland in turkey. (a) Hematoxylin & Eosin staining, X4, (b) periodic acid Schiff staining, X4.
Pt: peripheral tubules; Ad: adipose tissue; arrowhead: blood vessel; C: capsule.
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SEM revealed the presence of a thick connective tissue capsule

outside the uropygial gland (Figure11b,c). Glandular lobes consisted

of lobules variable in size and shape (Figure11). The lobules

consisted of different shaped follicles (sphere-like) protruding from

the surface of the gland and marked by a thick band of connective tis-

sue on the outside (Figure12a,b). It was observed that these glandular

follicle structures were gathered together in different shapes or

mostly disorganized. It was also observed that these follicle structures

were connected to each other by connective tissue threads (interfolli-

cular septa) (Figure12a). The duct opening of each lobe was separated

from the gland surface by a shallow groove containing a mass of lipid

secretion radiating from the gland surface towards the ductal wall.

F IGURE 5 Interlobular septum (a, b) and capsule (c) of uropygial gland in turkey. A: Crossman's trichrome staining, X20; B: Hematoxylin &
Eosin (H&E) staining, X40; C: H&E staining, X10-40. arrow: nerve fibers; arrowhead: Blood vessel.

F IGURE 6 The interlobular septa of bi-lobed uropygial gland in turkey. (a) Hematoxylin & Eosin staining, X4, (b) Crossman's trichrome
staining, X4, (c) periodic acid Schiff staining, X4. is: interlobular septum; ln: lymphoid tissue; arrow: nerve fibers; arrowhead: blood vessel.

F IGURE 7 The lymphoid tissue between the central tubules (a), periodic acid Schiff (PAS) (+ ) rection in the central and peripheral tubules (b),
The general structure of the uropygial gland (c). (a) Hematoxylin & Eosin staining, X4, (b) PAS staining, X4, (c) Crossman's trichrome staining, X4.
Ct: central tubules; Pt: peripheral tubules; *: intertubular septum (trabeculae); C: capsule; arrowhead: lymphoid tissue; S: secretion.
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This opening was observed to be oval in shape, of varying thickness

and with a folded edge (Figure12c). Multiple holes (porus glandulae

uropygialis) were observed caudal to the papilla (Figure12d).

4 | DISCUSSION

Although the glandula uropygialis is present in almost all bird species

during the embryonic period, it may be vestigialised in adults of some

orders, families, genera, and species (Johnston,1988; Salibian &

Montalti, 2009). In our study, uropygial gland was present in all tur-

keys examined.

It has been reported that the gland is located in the region

between the fourth caudal vertebra and the pygostyle in different bird

species (Lucas & Stettenheim,1972; Yõlmaz et al.,2018), at the base

of the tail, on the pygostyle muscles. (Johnston,1988; Sawad,2006)

Between the caudal side of the lumbosacral bone and the first coccy-

geal vertebra (Kozlu et al.,2011) and generally on the free caudal ver-

tebrae (Moreno-Rueda, 2016; Yõlmaz & Yõlmaz, 2019). Our study

determined that the uropygial gland was located on the last caudal

vertebra in the literature.

Similar to Rajathi (2019) and Lucas & Stettenheim,1972 (fowl

and quail), it was determined as a two-lobed gland. The uropygial

gland in this study had two lobes, right and left, and a common papilla

F IGURE 8 The secretory tubules's histology (a, c) and periodic acid Schiff (PAS) (+ ) reaction in the secretory tubules (b). (a) H&E staining,
X40, (b) PAS staining, X40; (c) Crossman's trichrome staining, X40. a: degenerative cells; b: secretory cells; c: intermediate cells; d: basal cells; *:
intertubular septum; S: secretion.

F IGURE 9 Excretory duct and adipose cells of uropygial gland in turkey. (a, b) H&E staining, X4. (c) Crossman's trichrome staining, X4. Ad:
adipose tissue; Dt: ductus glandulae uropygialis; Sm: smooth muscle cells; arrow: porus glandulae uropygialis.

F IGURE 10 The presence of
glycogen (a) and elastic fibers (b) in the
uropygial gland. (a) periodic acid Schiff
diastase staining, X40. (b) Orcein staining,
X40. S: secretion; arrow: elastic fibers.
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with ducts draining secretion from these glands. The lobes were orien-

tated forwards and outwards. The lobes of the uropygial gland were

pear-shaped, as in turkeys and chickens (Farner et al.,1982;

Rajathi,2019).

The common papilla of the gland was thick and elongated as

reported in domestic chickens (Lucas & Stettenheim, 1972;

Rajathi, 2019). The papillae were surrounded by skin covered with

small feathers extending dorsocaudally, as in chickens (Lucas &

Stettenheim, 1972).

In domestic chickens, it has been reported that the ducts open

outwards with a breast-like papilla located in the midline, caudal, and

dorsal (Gezici,2002). The papilla structure was reported to be conical

in Psittaciformes species and cylindrical in Monk parrots (Carril

et al., 2019). In this study, the papilla structure of the gland was deter-

mined to be single, thick, and long, similar to domestic chickens

(Lucas & Stettenheim,1972) and turkeys (Rajathi,2019). In our study,

it was determined that the papilla had two separate main ducts com-

ing from each lobe. Similar results have been found in poultry and

Japanese quail (Farner et al., 1982; Mobini & Ziaii, 2011;

Rajathi, 2019). In addition, similar to studies in chickens and roosters

(Yõlmaz & Yõlmaz, 2019), it was found that numerous feather

structures surrounded the papilla. Numerous holes (porus glandulae

uropygialis) were observed at the caudal end of the papilla structure.

These holes allow the secretion of secretion from the two uropygial

gland ducts.

Age, season, and sex have been found to have a significant effect

on the weight of the uropygial gland (Chen et al.,2015; Elder,1954).

In our study, the weight of uropygial glands in male and female tur-

keys was found to be 2.50 ± 0.16 g and 3.04 ± 0.21 g, respectively.

The same value was reported as 0.95 ± 0.15 and 0.91 ± 0.26 g in

Aseel roosters and chicks, respectively (Yõlmaz et al.,2018). Demõrcõo-

glu et al. (2019) reported the relative gland weight as 0.11 ± 0.01 g in

F IGURE 11 Colored scanning electron microscopy (SEM) images of glandula uropygialis in turkey (a–c). C: capsule; arrowhead (GL): glanduler
lobules. *: capsule. AX100, BX1100, CX2000.

F IGURE 12 Colored scanning
electron microscopy (SEM) images of
glandula uropygialis in turkey (a–d). GF:
glandular follicles; arrowhead:
interfollicular septae; *: mass of lipid
secretion; arrow: holes were observed
caudal to the papillae. AX400, BX1000,
CX400, DX27.

_I� BILIRET AL. 2715

 10970029, 2024, 11, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/jem

t.24642 by B
ursa U

ludag U
niversity K

utuphane ve D
okum

antasyon, W
iley O

nline L
ibrary on [09/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



quails. The average value of RGWI in Aseel breed hens and roosters

was found to be 0.0423 (Yõlmaz et al.,2018) and 0.094 ± 0.041 in Gal-

lus gallus(Montalti et al., 2000). Rajathi (2019) determined this index

value as 0.01 ± 0.01 in turkeys, while 0.03 ± 0.001 was found in our

study. There was no statistical difference between male and female

animals in terms of RGWI value.

Rajathi (2019) reported right and left lobe length parameters in

turkeys as 9.7 ± 0.2 mm and 9.6 ± 0.2 mm, respectively. In a study

conducted in quails, right GUL was determined as 10.31 mm in

females and 10.39 mm in males (Demõrcõoglu et al., 2019). In our

study, GUL parameter was found to be higher than the values deter-

mined by Rajathi. In addition, while there was a statistical difference

between male and female animals, the value was higher in male ani-

mals. Similarly, PUH and PUW parameters had a statistically signifi-

cant difference between male and female animals in our study. PUH

value was higher in quail (Demõrcõoglu et al., 2019), Aseel breed

roosters and hens (Yõlmaz et al.,2018) and turkeys (Rajathi,2019). In

our study, it was determined that these parameters were greater

in male turkeys than females.

Histologic examination revealed that the glandula uropygialis was

surrounded by a capsule consisting of a thick connective tissue layer

on the outside, similar to studies in quail, partridge, and chickens.

There are two lobes and a papilla system under the capsule

(Demõrcõoglu et al., 2019; Önal et al., 2013; Yõlmaz & Yõlmaz, 2020).

The capsule structure contained blood and lymph vessels, nerve

fibers, adipocytes, and smooth muscle bands. Kozlu et al. (2011) and

Chiale et al. (2016) reported that the excretory ducts opening the

glands were located in the center of the lobe. In our study, similar to

the report of Y õlmaz and Yõlmaz (2020), ducts opened into two main

excretory ducts (ductus glandulae uropygialis) caudal to the gland. It is

consistent with the literature that the secretory tubules of both lobes

are divided into central and peripheral tubules and located around a

central lumen (Balkaya et al., 2016; Kozlu et al., 2011; Önal

et al., 2013; Stangier et al.,2023). Contrary to the studies reporting

that the gland has a compound tubulo-alveolar holocrine character

(Jacob & Ziswiler, 1982; Sandilands et al., 2004; Wagner &

Boord, 1975), in our study, it was determined that it has a simple

tubular structure with holocrine secretion as reported in many studies

(Çõnar & Kelek, 2014; Harem et al., 2005; Suzuki & Kusuhara,1996;

Yõlmaz et al.,2018; Zõk & Erdost, 2002).

Similar to studies in quails and guinea fowl, in our study, central

and peripheral secretory tubules were found to consist of four differ-

ent cell layers differing in shape and cell arrangement from periphery

to center: basal cell layer, intermediate cell layer, secretory cell layer,

and degenerative cell layer (Ushakumary et al.,2011; Zõk &

Erdost, 2002). Although the lumens of the central tubules were wide,

no distinct lumen structure was observed in the peripheral tubules.

The presence of smooth muscle cells, blood, and lymph vessels in

the structure of the gland, especially in the septum interlobareand

intertubular septum, has been reported (Yõlmaz et al.,2018). Similarly,

smooth muscle cells were found especially intrabeculae in magpies

(Balkaya et al.,2016). However, some studies have reported that the

glandula uropygialis of poultry species such as geese (Hou,1928),

grouse (Sawad,2006), and starlings (Sadoon,2011) are completely

devoid of smooth muscle cells. In our study, smooth muscle cells were

observed in the regions of the interlobular septum close to the papilla.

It was determined that the intertubular septum was composed of con-

nective tissue and did not contain smooth muscle. Blood and lymph

vessels, nerve fibers, and adipocytes were also observed in the inter-

lobular septum.

In a study in Pekin ducks, it was reported that small basal cells

with flat nuclei located on the basement membrane, large cells filled

with lipid droplets towards the lumen of the tubules and cells with

pyknotic nuclei and large lipid droplets close to the lumen were found

in the gland (Carpenter & Goodridge,1988). In roosters, it was deter-

mined as flat nuclei with acidophilic cytoplasm located on the base-

ment membrane (Zõk & Erdost, 2002). In our study, the basal cell layer

consisted of cells with darkly stained nuclei and basophilic cytoplasm.

Yõlmaz et al. (2018) reported that intermediate cells have acidophilic

cytoplasm and basophilic nuclei, secretory cells have many large and

small, white-colored fat vacuoles in the lumen, while degenerative

cells have larger fat vacuoles in the cytoplasm. In our study, the inter-

mediate cell layer consisted of 2–3 rows of centrally located polyhe-

dral cells with eosinophilic cytoplasm. The secretory cell layer was

composed of polyhedral cells of different sizes with vacuoles and

secretory granules. The degenerated cell layer adjacent to the tubule

lumen consisted of cells with pyknotic nuclei and pale cytoplasm. Aci-

dophilic cells were also detected in H&E staining. The high number of

acidophilic cells indicates that there is a large amount of fat synthesis

in the gland (Yõlmaz et al.,2018). Herbst corpuscles, which were first

identified in wild ducks (Harem et al., 2005), were also determined in

laughing pigeons (Madkour et al.,2023). Similar to the study in mallard

ducks (Yõlmaz & Yõlmaz, 2019), Herbst corpuscles structure was not

detected in our study.

In a study on the rooster uropygial gland, the apical half of the

tubules, which were found to be rich in glycogen by the PAS staining

method, was named as glycogen region and it was reported that this

region gave a strong PAS (+ ) reaction (Zõk & Erdost, 2002). In the

female and male partridge uropygial gland, no PAS (+ ) reaction was

observed in the sebaceous region, while in females, it was determined

that neutral mucosubstance reacted with moderate intensity in the

peripheral parts of some tubules belonging to the sebaceous region.

In addition, a strong PAS reaction was detected in females and a mod-

erate to strong PAS reaction was detected in males in the inter-

tubular area of the fat region (Önal et al.,2013). In Chilean Flamingo

and Monk parakeets, a positive reaction in the uropygial glands with

PAS and Alcian Blue (pH 2.5) revealed the presence of glycoconju-

gates containing carboxyl groups and sulfated esters. These com-

pounds have been associated with protective functions (protection

and maintenance of feathers) in digestive tract organs in fish (Díaz

et al., 2008; Yashpal et al.,2014) and uropygial glands in birds (Carril

et al., 2019; Chiale et al.,2021). In our study, positive staining with

PAS was observed especially in the basement membrane and secre-

tory material. After PAS diastase staining, similar to Chiale et al.

(2016), it was determined that the staining was not glycogen-induced.

As a result of Orcein staining, elastic fibers were observed in the
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capsule and intertubular septum, which is consistent with the litera-

ture (Carril et al.,2019; Chiale et al.,2016, 2020, 2021).

Studies have reported the presence of lymphoid cell communities

between tubular glands (Harem et al.,2005; Sawad,2006; Shafiian &

Mobini, 2014). It has also been reported that lymphoid cell communi-

ties are located in the connective tissue and papillae at the junction of

the glands and excretory duct (Chiale et al., 2016; Yõlmaz &

Yõlmaz, 2020). In our study, it was determined that lymphoid tissue

cell communities were located both between tubular glands and in

connective tissue. Also contains abundant dense connective tissue,

smooth muscle fibers, and lymphoid tissue.

Madkour et al., 2023 reported that the glandular lobe consisted

of elliptical, triangular, round glandular lobules, and glandular follicle

structures came together in different shapes as a result of SEM analy-

sis. In our study, glandular lobules were spherical and elliptical, and

glandular follicle structures were mostly scattered. While the duct

opening was reported to be oval shaped, with curved edges, and sym-

metrical thickness Madkour et al. (2023), in our study it was found to

be oval shaped, of variable thickness, and with curved edges. There

was no difference in the histologic and electron microscopic structure

of the glandula uropygialis in male and female turkeys used in the

study.

5 | CONCLUSION

Although a study was conducted by Rajathi in 2019 to deter-

mine morphometric features in turkeys, this is the first study to

perform light and electron microscopic identification of the glan-

dula uropygialis in turkeys. The macroanatomical, morphometric,

and microscopic findings of the glandula uropygialis in the tur-

keys used in the study were found to be very similar to those

of most avian species, but different from those of aquatic spe-

cies. The differences may be due to species and habitat

differences.
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ogy; formal analysis; supervision; writing – original draft;

writing – review and editing. _Ilker ARICAN: Methodology; formal

analysis; supervision; writing – original draft; writing – review and

editing. � ükrü Hakan Atalgõn: Visualization; writing – original draft;

writing – review and editing; conceptualization; methodology.Meh-

met Can: Conceptualization; methodology; visualization;

writing – review and editing; writing – original draft. Soner Bek-

mezci: Conceptualization; methodology; visualization;

writing – review and editing; writing – original draft.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
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_Ihsan _Işbilir https://orcid.org/0000-0001-6906-5695

Özgür Özöner https://orcid.org/0000-0001-7354-0655
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lojik Yapõlarõ Üzerine Bir Çalõşma. Van Veterinary Journal, 27(1),
21–24.

Baumel, J. J., King, S. A., Breazile, J. E., Evans, H. E., & Berge, J. C. V.
(1993). Handbook of avian anatomy: Nomina Anatomica avium(2nd ed.,
pp. 22–23). Nuttall Ornithological Club.

Baygeldi, S., Güzel, B., Ilgün, R., & Özkan, E. (2023). Macroanatomy of
cecum in German mast geese (Anser Anser) and investigation with
scanning electron microscope (Sem).Brazilian Journal of Poultry Sci-
ence, 25(1), 1-4.

Bhattacacharyya, S. P., & Ghosh, A. (1971). Histochemical studies on the
enzymes of the uropygial gland.Acta Histochemica, 39, 318–326.

Burger, B. V., Reiter, B., Borzyk, O., & Du Plessis, M. A. (2004). Avian exo-
crine secretions. I. Chemical characterization of the volatile fraction of
the uropygial secretion of the green wood hoopoe, Phoeniculus pur-
pureus. Journal of Chemical Ecology, 30, 1603–1611. https://doi.org/
10.1023/B:JOEC.0000042071.65335.f3

Campagna, S., Mardon, J., Celerier, A., & Bonadonna, F. (2012). Potential
semiochemical molecules from birds: A practical and comprehensive
compilation of the last 20 years studies.Chemical Senses, 37, 3–25.

Carpenter, W. R., & Goodridge, A. G. (1988). Differentiation in culture of
cells from an avian holocrine secretory gland: Preparation of isolated
cells and conditions which induce accumulation of malic enzyme.Jour-
nal of Cellular Physiology, 137(2), 205–213.

Carril, J., Chiale, M. C., & Barbeito, C. G. (2019). The uropygial gland of the
monk parakeet Myiopsitta monachus: Histology, morphogenesis, and
evolution within Psittaciformes (Aves). Evolution Development, 22(3),
269–282.

Caspers, B. A., Marfull, R., Dannenhaus, T., Komdeur, J., & Korsten, P.
(2021). Chemical analysis reveals sex differences in the preen gland
secretion of breeding blue tits. Journal of Ornithology, 163, 191–198.

Chen, Y. H., Peh, H. C., & Roan, S. W. (2015). Establishment of uropygial
gland growth curves for white, ThreeWay crossed mule ducklings.
Brazilian Journal of Poultry Science, 17, 209–218.

_I� BILIRET AL. 2717

 10970029, 2024, 11, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/jem

t.24642 by B
ursa U

ludag U
niversity K

utuphane ve D
okum

antasyon, W
iley O

nline L
ibrary on [09/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-6110-1302
https://orcid.org/0000-0002-6110-1302
https://orcid.org/0000-0003-0712-0892
https://orcid.org/0000-0003-0712-0892
https://orcid.org/0000-0003-0712-0892
https://orcid.org/0000-0001-6906-5695
https://orcid.org/0000-0001-6906-5695
https://orcid.org/0000-0001-7354-0655
https://orcid.org/0000-0001-7354-0655
https://orcid.org/0000-0002-2504-120X
https://orcid.org/0000-0002-2504-120X
https://orcid.org/0000-0001-6342-0094
https://orcid.org/0000-0001-6342-0094
https://orcid.org/0000-0001-9436-6270
https://orcid.org/0000-0001-9436-6270
https://orcid.org/0000-0001-9409-026X
https://orcid.org/0000-0001-9409-026X
https://orcid.org/0000-0002-6277-7769
https://orcid.org/0000-0002-6277-7769
https://doi.org/10.1023/B:JOEC.0000042071.65335.f3
https://doi.org/10.1023/B:JOEC.0000042071.65335.f3


Chiale, M. C., Cadierno, M. P., Fernández, P., Mijailovsky, S., Heras, H.,
Barbeito, C., & Montalti, D. (2021). Biochemical and morphological
features of the uropygial gland of the Chilean flamingo and their func-
tional implications. Zoology, 147, 125941. https://doi.org/10.1016/j.
zool.2021.125941

Chiale, M. C., Carril, J., Montalti, D., & Barbeito, C. G. (2019). The uropygial
gland of the eared dove and its evolutionary history within the Colum-
biformes(Aves). Journal of Ornithology, 160, 1171–1181.

Chiale, M. C., Carril, J., Montalti, D., & Barbeito, C. G. (2020). Comparative
morphology and histochemistry of the uropygial gland of the endan-
gered and endemic hooded grebe (Podiceps gallardoi, Podicipedi-
formes). Acta Zoologica, 103(1), 90–98. https://doi.org/10.1111/azo.
12357

Chiale, M. C., Montalti, D., Flamini, M. A., Fernández, P., Gimeno, E., &
Barbeito, C. G. (2016). Histological and histochemical study of the uro-
pygial gland of chimango caracara (Milvago chimangovieillot, 1816).
Biotechnic & Histochemistry, 91(1), 30–37. https://doi.org/10.3109/
10520295.2015.1068953

Çõnar, K., & Kelek, S. (2014). Dis¸i Ve Erkek Bõldõrcõn (Coturnix coturnix
Japonica) Üropigial Bez'in Histolojik Ve Histokimyasal Yapõsõ. Erzincan
University Journal of Science and Technology, 2(2), 229–238.

Crawford, R. D. (1992). Introduction to Europe and the diffusion of
domes-ticated turkeys from the Americas. Archivos de Zootecnia, 41,
307–314.

Crossman, G. (1937). A modification of Mallory's connective tissue stain
with a discussion of the principles involved.The Anatomical Record, 69,
33–38.

Demõrcõoglu, I., Yõlmaz, B., Filikci, K., & Das, A. (2019). Bõldõrcõn (Coturnix
coturnix Japonica) Rasyonlarõna Farklõ Oranda Nane Ya�gõ (Mentha
piperita) _Ilavesinin Glandula Uropygialis Üzerine Etkisinin Morfometrik
ve Histometrik Olarak _Incelenmesi. Fırat Üniversitesi Sa�glık Bilimleri
Veteriner Dergisi, 33(3), 185–189.

Díaz, A. O., García, A. M., & Goldemberg, A. L. (2008). Glycoconjugates in
the mucosa of the digestive tract of Cynoscion guatucupa: A histo-
chemical study.Acta Histochemica, 110(1), 76–85. https://doi.org/10.
1016/j.acthis.2007.08.002

Elder, W. H. (1954). The oil gland of birds.The Wilson Bulletin, 66, 6–31.
Farner, D. S., King, J. R., & Parkes, K. C. (1982). Chapter IV—The uropygial

gland. InAvian biology(Vol. VI, p. 490). Academic Press Inc.
Galván, I., Barba, E., Piculo, R., Cantó, J. L., Cortés, V., Monrós, J. S.,

Atiénzar, F., & Proctor, H. (2008). Feather mites and birds: An inter-
action mediated by uropygial gland size?Journal of Evolutionary Biol-
ogy, 21, 133–144. https://doi.org/10.1111/j.1420-9101.2007.
01459.x

Gezici, M. (2002).Deri ve epidermoidal olus¸umlar. Medisan Yayõnevi.
Harem, K. M., Altunay, H., Harem, S. I., & Beyaz, F. (2005). Histomorpholo-

gical and histochemical studies on preen gland of the wild and domes-
tic duck. Journal of Health Sciences, 14(1), 20–30.

Haydar, N. A. (2005).Anatomical and histological study of uropygial gland in
the indigenous geese. (MSc. Thesis). College of Veterinary Medicine,
University of Baghdad.

Hou, H. C. (1928). Studies on the glandula uropygialis of birds.Chinese
Journal of Physiology, 2, 345–380.

Jacob, J., & Zeman, A. (1972). Das burzeldrusensekret der ringeltaube
(Columba palumbus). Hoppe-Seyler's Zeitschrift für Physiologische Che-
mie, 353, 492–549.

Jacob, J., & Ziswiler, V. (1982). The uropygial gland.Avian Biology, 6,
199–324.

Johnston, D. W. (1988). A morphological atlas of the avian uropygial gland.
Bulletin of the British Museum (Natural Histology) Zoology, 54, 199–259.

King, A. S., & Mclelland, J. (1985).Form and function in birds. Academic
Press.

Kozlu, T., Bozkurt, Y. A., & Ates¸, S. (2011). A macroanatomical and histo-
logical study of the uropygial gland in the white stork (Ciconia cicionia).
International Journol of Morphology, 29, 723–726.

Liu, H., Qi, J., Yang, Q., Tang, Q., Qi, J., Li, Y., Wang, J., Han, C., & Li, L.
(2022). Effects of cage and floor rearing systems on the metabolic
components of the uropygial gland in ducks.Animals: An Open Access
Journal from MDPI, 12(2), 214.https://doi.org/10.3390/ani12020214

Liu, H., Yang, Z., He, Y., Yang, Q., Tang, Q., Yang, Z., Qi, J., Hu, Q., Bai, L., &
Li, L. (2022). Metabolic profiling reveals that the olfactory cues in the
duck uropygial gland potentially act as sex pheromones.Animals: An
Open Access Journal from MDPI, 12(4), 413. https://doi.org/10.3390/
ani12040413

Lucas, A., & Stettenheim, P. (1972). Avian anatomy. InAgriculture handbook
362. US Department of Agriculture.

Madkour, F. A., Choudhary, O. P., & Kandyel, R. M. (2023). Preen gland of
the laughing dove (Streptopelia senegalensisaegyptiaca): Light and elec-
tron microscopic analysis.Microscopy Research and Technique, 86(10),
1298–1308. https://doi.org/10.1002/jemt.24313

Madkour, F. A., & Kandyel, R. M. (2022). Histomorphology and ultrastruc-
ture of the proventriculus of the broad breasted white Turkey (Melea-
gris gallopavo, Linnaeus 1758). Microscopy Research and Technique,
85(11), 3514–3529. https://doi.org/10.1002/jemt.24203

Mobini, B., & Ziaii, A. (2011). Comparative histological study of the preen
of broiler and native chicken. Veterinary Research Building, 6, 121–128.

Montalti, D., Salibián, A., & Aires, C. B. (2000). Uropygial gland size and
avian habitat.Ornitologia Neotropical, 11, 297–306.

Moreno-Rueda, G. (2016). Uropygial gland and bib colouration in the
house sparrow.PeerJ, 4, e2102.

Morony, J. J., Bock, W. J., & Farrand, J. (1975). Reference list of the birds
of the world. American Museum of Natural History, New York.

Önal, Ö., Türk, S., & Çõnar, K. (2013). Dişi ve erkek keklik (Alectoris chukar)
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How to cite this article: _Işbilir, F., Özgüden Akkoç, C. G.,
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