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Abstract

The uropygial gland is a holocrine secretory gland of birds. The lipid and the waxy sebum that the gland secretes is coated on the
beak and transferred to the plumage in preening. The composition of the gland secretions from birds of different species has been
determined, but little is known about the lipids of the secretion of the gland of the rock dove Columba livia. The amount of secretion,
the total lipid content and the fatty acids composition of the secretion of C. /ivia captured in the nonbreeding season was reported. The
mean amount of the secretion within the gland was 30 mg; the mean lipid content of the secretion was 0.385 mg/mg of secretion,
which was equivalent to approximately 38% of the secretion. The weight of the secretion relative to gland weight was 32%. If we
assume that the amount of the gland secretion constitutes a valid parameter to determine the degree of the gland development, our
results indicate that the physiological role of the gland does not depend upon gland mass (GW); the rock dove in particular has a
small gland, but its secretion represented 32% of the gland’s mass. The composition of the lipids extracted from the gland secretion
consisted of C14 to C20 fatty acids, most of them were unsaturated. The secretion of the gland contained approximately 59% of
unsaturated fatty acids with a prevalence of oleic acid (37%) and a low content of linoleic (6%) and arachidonic acids (7%). The
saturated long chain fatty acids were mainly 14:0, 16:0 and 18:0 in a percentage of approximately 34%. No sexual differences were
found in any of the evaluated parameters.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The uropygial gland is a holocrine secretory gland of
birds, consisting of a pair of lobes; it is located dorsally to the
last vertebrae of the pygostyle. Several authors have reported
differences in the gland mass (GW) in relation to the body
mass (BW) attributing them to different factors such as
seasonal variation (Kennedy, 1971), habitat (Jacob and

* Corresponding author. Tel.: +54 11 42757523; fax: +54 11
48121869.
E-mail address: dmontalti@arnet.com.ar (D. Montalti).

1095-6433/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.cbpb.2004.10.008

Ziswiler, 1982), body mass, individual variation and sex
(Johnston, 1988). The largest gland was found in Cinclus
mexicanus (0.71% of the total body mass), while the smallest
was recorded in Bubulcus ibis (0.01%) (Johnston, 1979;
1988; Montalti and Salibian, 2000).

We have recently shown that acidic mucins, neutral
lipids, glycolipids and phospholipids are normal compo-
nents of the tubular secretion of the glands of Columba
livia. In addition, we have shown that the composition of
the secretion is variable according to stage of cellular
differentiation and secretion formation (Montalti et al.,
2001).

The gland secretes a complex and variable mixture of
chemicals composed of aliphatic monoester waxes formed
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mainly by fatty acids (with various methyl branchings) and
monohydroxy wax alcohols. However, some diester waxes
containing hydroxyfatty acids and/or alkane-diols were also
found (Jacob and Ziswiler, 1982; Downing, 1986; Jacob,
1978). Several authors have postulated that the major
function of the gland is to synthesize lipids (Kolattukudy
and Rogers, 1978; Urich, 1994).

In as much as uropygial gland secretions exhibit a
surprisingly constant and specific qualitative composition
within distinct taxa, mainly at the order and occasionally
also at the family level, comparative analysis of its lipids
has been used for chemotaxonomic studies (Jacob and
Grimmer, 1975; Jacob and Ziswiler, 1982).

The lipid and waxy sebum that the uropygial gland
secretes is coated by the beak and transferred to the
plumage in preening. The gland appears well developed in
aquatic species, where the water-resistant composition of
the sebum, together with the epidermal lipids, may play a
role in the waterproofing of the feathers (Spearman and
Hardy, 1985). There is disagreement with respect to its
physiological role; among the functions attributed to the
gland are water-repellent action, production of phero-
mones, prevention of growth of skin microorganisms,
preservation of physical structure of the plumage, excretory
function for pesticides and pollutants and sex-linked
changes in the appearance of plumage (Lucas and
Stettenheim, 1972; Johnston, 1976, 1988; Kozulin and
Pavluschick, 1993; Gutiérrez et al., 1998; Piersma et al.,
1999; Moyer et al., 2003).

The extirpation of the uropygial gland did not reveal any
serious consequence for the survival of goslings, hens and
passerine birds (Jacob, 1976; Chen et al., 2003). In the case
of C. livia, the ablation of the gland did not affect the survival
of the birds for 2—4 months (Montalti et al., 1999; Moyer
et al., 2003).

Jacob et al. (1979) demonstrated sexual differences in the
chemical composition of the uropygial gland secretion in
domestic ducks, which occurred during the reproductive
season. Asnani and Ramachandran (1993) observed
increased weight and activity of the gland in the breeding
secason. They also showed that the gland is regulated by
adrenal steroids.

Concerning the quantity of secretion in the preen gland,
Jacob (1976) reported that it varied between 0.5 (Passer-
iformes) and 600 mg (Laridae).

There are a few papers dealing with the uropygial
gland secretion of Columbidae (Jacob and Zeman, 1972).
Although the composition of the secretions from birds of
different species has been determined, very little is known
about the lipids of the gland of rock dove C. Ilivia
(Bhattacharyya and Chowdhury, 1978; Gutiérrez et al.,
1998). In this paper, we report the amount, the total lipid
content and the fatty acids composition of the secretion of
that species in nonbreeding season. A preliminary report
of the results was published elsewhere (Montalti et al.,
2004).

2. Material and methods
2.1. Animals

Wild adult rock dove C. livia females (n=6) and males
(n=6), collected in the austral autumn (nonbreeding
season) near La Plata City (Buenos Aires Province,
Argentina) were used. The body mass (BW) of the birds
varied between 362 and 563 g. Doves were housed
individually in wire mesh cages with water and food ad
libitum at 20-22 °C. The doves were fed on commercial
mixture of grain chow; its composition, determined in our
laboratory, contained 3.97% of lipids, and the fatty acid
content was: 14.79% palmitic acid C16:0, 2.01% stearic
acid C18:0, 26.59% oleic acid C18:1 (A%, 53.59%
linoleic acid C18:2 (A® and 1.12% linolenic acid
C18:3(A%).

After 7 days, the doves were sacrificed under mild ethyl
ether anaesthesia, and the uropygial gland was surgically
removed according to the technique of Montalti et al.
(1998).

2.2. Glands

The gland mass (GW) varied between 69.3 and 152.7
mg. The secretion was collected by squeezing each gland
softly and weighing it (SW). These values were used to
calculate (a) the gland mass as a percentage of the body
mass (GBW=GW x100/BW) and (b) the secretion mass in
relation to the gland mass (SGW=SW x100/GW).

2.3. Fatty acid analysis

To extract total lipids, secretions were placed in test
tubes with chloroform/methanol (2:1 v/v) (Folch et al.,
1957). After addition of water, the lower layer was
separated and evaporated to dryness. Fatty acids were
transmethylated with F3B in methanol at 60 °C for 180
min. Quantitative composition of fatty acids and their
methyl esters were analysed with a GC-14 A gas
chromatograph (Shimadzu, Kyoto, Japan) equipped with a
DB-225 capillary column (30 mx0.32 mm internal
diameter, J. and V. Scientific, Folson, CA, USA.). Nitrogen
was used as a carrier gas. Injector and detector temperatures
were maintained at 250 °C, and the column temperature
was held at 90 °C for 1 min, 90-180 °C at 15 °C/ min,
180-200 °C at 3 °C/ min, 200-220 °C at 3 min, 220 °C for
7 min. Retention times of fatty acids were determined by
comparison with appropriate standards. All determinations
were done in duplicate.

2.4. Unsaturation index
The unsaturation index (UI) was calculated according to

the formula Ul=sum(% fatty acid)x(number of double
bounds) (Llamillo et al., 1995).
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Table 1

Body, uropygial gland and secretion weights and lipid content of the secretion from wild male and female of rock dove Columba livia

Sex Body mass Gland absolute ~ Mass relative® Secretion absolute ~ Mass relative® Lipid mg/mg Content in the  Relative®

(BW) (g) (GW) (mg) (GBW) (%) (SW) (mg) (SGW) (%) of secretion (%)  secretion (mg) (%)

Males 4274+155 101.3£6.8 0.024+0.007 30.42+4.22 30.03+6.25 38.1+08.3 11.60+0.87 38.1£1.31
(n=6)

Females  445.9+20.8 923453 0.02140.009 31.47+3.43 34.10+4.19 38.9+2.1 12.2440.94 38.9+1.09
(n=6)

Data are given as means*S.D.
? Gland mass relative to body mass.
® Secretion mass relative to gland mass.
¢ Lipid mass as percentage of the absolute secretion.

2.5. Statistical analysis

All data were expressed as mean=® S.D. Statistical analyses
were carried out by one-way analysis of variance and Tukey
test. Hy was rejected when p<0.05.

3. Results

Table 1 shows data on the gland mass, the secretion mass
and the lipid content of the secretion. The gland mass in
relation to the body mass was 0.02%, and the mean mass of
the secretion was 30.4 mg. The lipid content of the secretion
represented 38% of the secretion; the mass of the secretion
in relation to the whole gland mass was 32.06%. There was
no statistically significant difference among sexes.

Table 2 shows the composition of the lipids extracted
from the gland secretion. It consisted of C14 to C20 fatty
acids, most of them unsaturated.

The secretion of the gland contained approximately 58%
of unsaturated fatty acids, with a prevalence of oleic acid
(37%) and a low content of linoleic (6%) and arachidonic
acids (7%). The saturated long-chain fatty acids (approxi
mately 34%) were constituted mainly by palmitic acid.

Four of the fatty acids found in the diet were also detected
in the secretion. The fatty acid profile of the gland secretion

Table 2
Fatty acid composition of the uropygial gland secretion from wild male and
female rock dove Columba livia

Fatty acid Male (n=6) Female (n=6)
14:0 0.904+0.03 0.904+0.04
16:0 31.21+1.03 30.904+0.96
16:1 (A7) 8.04+0.31 8.42+0.40
18:0 0.4840.04 0.4940.03
18:1 (A%) 37.45+0.69 36.72+1.66
18:2 (A% 5.56%0.31 5.63%0.18
20:0 2.32+0.23 2.51+£0.29
20:4 (A% 6.691+0.25 6.631+0.24
Saturated 34.01£0.95 33.9240.69
Monounsaturated 46.401+0.86 46.04+1.32
Polyunsaturated 12.26+0.13 12.27+0.30
Total unsaturated 58.66+0.75 58.30+1.29
Saturated/unsaturated 0.58+0.01 0.58+0.01
Unsaturation index 84.31+£1.15 83.76+1.98

Data are expressed as percentage; mean+S.D.

was different than that of the food given to the birds. The
secretion showed approximately a 10-fold lower content of
C18:2 (A®) compared with the content of the acid in the diet.

Neither the percentage of saturated, total unsaturated,
monounsaturated or polyunsaturated fatty acids nor the
saturated/unsaturated ratio showed any statistically signifi-
cant difference between males and females. The unsatura-
tion index was also the same in both sexes (Table 2). The
sum of the percentages of all these parameters resulted
slightly lower than 100; the difference would be attributed
to the presence of other minor not measured components of
the secretion.

4. Discussion

The mean mass of the uropygial gland (GW) of the rock
dove was comparable with that reported by other authors
(Bhattacharyya, 1972; Bhattacharyya and Chowdhury,
1978).

Expressed as a percentage related to the body mass
(GBW), the gland mass was the lowest found in other bird
families (Johnston, 1988; Montalti and Salibian, 2000). Our
data were in agreement with those of Johnston (1988)
indicating that the preen gland of waterbirds seems to be
relatively larger than in terrestrial species.

Jacob (1976) has proposed that the gland of the rock
dove is rudimentary and that its function might be fulfilled
by powder dunes. However, we consider that, in spite of its
small size, the function of the gland might properly be
fulfilled by the absolute amount of its secretion (SW), which
was considerably elevated and comparable with that found
in other species.

Our results (Table 1) suggest that the physiological role
of the gland may not depend upon the gland mass. The rock
dove in particular has a very small gland (0.022% body
mass), but the secretion of the gland represented 32% of its
mass. Thus, the physiological role of the gland may depend
upon the quantity of its secretion rather than upon gland
mass per se (Montalti and Salibian, 2000).

The lipid content of the gland in C. livia was
approximately 38% of the gland secretion, a figure similar
to that reported for the same species by Bhattacharyya
(1972) and Bhattacharyya and Chowdhury (1978), and
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comparable with that of other species from different families
(Jacob, 1976).

It is interesting to mention that, in Columba palumbus, a
phylogenetically close species to C. livia, the qualitative and
quantitative fatty acid profile of the glandular secretion was
similar to ours Jacob and Zeman (1972). This fact strongly
supports the suggestion made by other authors who
proposed that the fatty acid composition of the gland
secretion is a reliable tool for the phylogenetical positioning
of bird species.

The most abundant fatty acid in the uropygial gland
secretion of C. livia was C18:1 (A%), while the lowest
percentage corresponded to C18:0 (Table 2). In this respect,
it is interesting to note that Jacob and Zeman (1972) found
that oleic acid was the most abundant in the depot fat of
C. palumbus.

In spite of the presence of its precursor linolenic acid
(18:3A%) in the diet, docoxahexanoic acid (22:6A°) was not
found in the gland secretion. Arachidonic acid (20:4A%) was
detected in the gland, although its relation with its dietary
precursor (Nakamura and Nara, 2003) linoleic acid (18:2A°)
is not clear.

The percentage of saturated fatty acids in the secretion
(Table 2) was lower than that of the unsaturated in both
sexes. The saturated/unsaturated ratio was 0.58; however,
when the profile of these fatty acids was determined in the
whole gland, the ratio is 1.17 (Gutiérrez et al., 1998). This
finding must be interpreted as a consequence of the different
chemical composition of the conjuntive capsule which was
analysed together with the glandular secretion. When
working with the whole gland, Gutiérrez et al. (1998) added
some compounds that are not part of the secretion
(e.g., conjuntive tissue), and therefore they may not be
involved in the function of the gland secretion.

To avoid contamination of the assayed material by the
surrounding tissues which are rich in triglycerides (Jacob,
1975), we worked only with the secretion of each gland. In
this way, we were able to determine precisely the lipid
content and its fatty acid composition which, in turn, is what
the bird uses in the preening of the feathers (Moyer et al.,
2003). The prevalence of unsaturated fatty acids in the
secretion would be attributed to the synthesis activity of the
lipids, which constitutes their major function in the gland
(Kolattukudy and Rogers, 1978). The presence of these fatty
acids confirms the function of the uropygial gland as a
protective gland against adverse environmental factors
(e.g., temperature variations). Thus, these fatty acids that
are liquid at room temperature have the property of making
up a dry permanent film when they are exposed to air, and
therefore they would act as protective factors preserving
their structure.

Finally, in opposition to what Jacob et al. (1979) stated,
we did not find any difference between male and female
pigeons. We interpreted that this discrepancy is due to the
fact that we performed our study out of the breeding
season.
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