
Kidney morphology varies among different classes of
vertebrates. The kidneys of birds and mammals, unlike those
of other vertebrates, contain both a cortex and a medulla. The
renal medulla enables concentrated urine to be produced, so it
is not surprising that birds and mammals are also the only
classes of vertebrate that can produce such urine (Braun and
Dantzler, 1997). The urine-concentrating ability of birds is
limited compared with that of mammals. The maximum
urine:plasma osmolality (U/P) ratio recorded in birds is
approximately 5.0 in the savannah sparrow Passerculus
sandwichensis (Poulson and Bartholomew, 1962), while in
mammals the maximum recorded ratio is 26.8 in the desert
hopping mouse Notomys alexis (MacMillen and Lee, 1967;
MacMillen and Lee, 1969). The order of magnitude of this
difference in maximal urine-concentrating ability between
birds and mammals has prompted interest in investigating the
morphology and physiology of the avian kidney.

Birds produce, at best, only a slightly hyperosmotic urine.
Because the demand for conserving water is increased in an
arid environment, one might expect birds inhabiting arid
regions to produce a more concentrated urine, and those
inhabiting a mesic environment to produce a less concentrated
urine. However, a recent study has shown that this is not the
case (Casotti et al., 2001). In fact, one study showed a slightly
negative correlation between lack of water in the environment

and the ability to produce a hyperosmotic urine (Goldstein and
Braun, 1989). One might also expect that the morphology of
the kidney would dictate the capability to regulate urine
concentration. Thus far, the only anatomical index that has
proved to be consistently correlated with water abundance in
the environment in which a bird lives is the volume of the renal
medulla (Warui, 1989; Casotti and Richardson, 1992; Casotti
et al., 1993; Casotti et al., 1998). Birds inhabiting an arid
environment and having a largely insectivorous diet have a
greater volume of medulla than birds inhabiting mesic
environments and eating a nectarivorous diet. For example, the
Anna’s hummingbird Calypte annaexists on a diet consisting
almost entirely of nectar and has the most dilute urine ever
recorded (U/P ratio as low as 0.1). In addition, this species also
has the lowest volume of medulla recorded (2.4 %) for a kidney
(Casotti et al., 1998). More dramatically, the black-chinned
hummingbird Archilochus alexandri is reported to have no
renal medulla (Beuchat et al., 1990).

One concern with the above studies, which examined the
volume of renal medulla, is that the animals were collected at
different times of the year (i.e. in different seasons). Therefore,
one cannot rule out the possibility that season (or diet, which
may change with season) may have an effect on the
morphology of the kidney. Previous studies on gut tissue
in birds (Richardson and Wooller, 1986; Richardson and
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Seasonal variability in kidney morphology of the house
sparrow Passer domesticuswas examined using light
microscopy. Sparrows were captured from the wild in
winter, spring, summer and autumn. The kidneys were
perfused with half-strength Karnovsky’s fixative and
processed for light microscopy by embedding in either
paraffin wax or JB4 acrylic resin. Absolute volumes of the
kidneys, their components (cortex, medulla and blood
vessels), components of the nephron (renal corpuscles,
proximal tubules, loops of Henle, distal tubules and
collecting ducts) and the capillaries surrounding the
nephron were quantified using stereology. Tissue processed
in paraffin wax had a mean shrinkage of 17.7 % compared
with 10.1 % in JB4 resin. Absolute volumes of the kidneys
and nephrons were compared statistically between tissue

processing methods and among seasons. Absolute volumes
of the structures within the kidneys were not significantly
different between treatments or among seasons. Within the
nephron, the only measured variables to show significant
differences were the absolute volumes of the distal tubules
and cortical collecting ducts between tissue processing
treatments. Thus, kidney morphology was relatively
unaffected by changes in season. In addition, the results
show that embedding tissue using acrylic resin causes less
shrinkage, and it should therefore be the preferred
embedding medium for quantitative morphologists.

Key words: kidney, stereology, histology, JB4, house sparrow,
Passer domesticus.
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Wooller, 1988; Richardson and Wooller, 1990), mammals (for
reviews, see Borkowska, 1995; Gross et al., 1985; Karasov and
Diamond, 1983) and fish (Ciccotti et al., 1993) have shown that
gut morphology changes considerably with changes in diet.
These changes can occur as soon as 3 days following a change
in diet (Karasov and Diamond, 1983). However, no one has
yet examined whether the morphology of avian kidney tissue
varies with changes in either diet or season.

All previous studies examining quantitative renal histology
in birds have used paraffin wax to embed the tissue (Johnson
and Mugaas, 1970; Warui, 1989; Casotti and Richardson,
1992; Casotti et al., 1993). However, for many histological
studies, investigators have chosen to embed biological tissue
in acrylic resins (Higuchi et al., 1979; Cole, 1982; Helander,
1983; Ladekarl, 1994; Miller and Meyer, 1990). These resins
offer a number of advantages over paraffin wax, including less
tissue shrinkage, less tissue distortion (as a result of reduced
compression during cutting) and a shorter staining time
because deparaffinating agents such as toluene or xylene are
not required (Higuchi et al., 1979; Cole, 1982; Ladekarl, 1994).
For quantitative morphological studies, a reduction in tissue
shrinkage and distortion are by far the most important
advantages.

By examining the kidney tissue in a single species (the house
sparrow Passer domesticus), the aim of the present study was
to examine whether changes in season have an effect on the
morphology of the avian kidney. In addition, renal tissue was
embedded in paraffin wax and in the acrylic resin JB4 to
determine whether embedding in different media had any
effect on the quantitative morphology of the tissue. The results
show that the volume of some components within the nephron
varies with season. In addition, data are presented which
indicate that embedding tissue in acrylic resin produces results
superior to the previously more commonly used paraffin wax
because there is less tissue shrinkage in the resin.

Materials and methods
Animals

House sparrows (Passer domesticus) were collected from
the wild, in Pennsylvania, under license using mist nets. Six
males were collected in each of the four seasons, giving a total
of 24 birds for the study. Birds were immediately transported
back to the laboratory for kidney tissue processing. The mean
body mass for the birds in winter was 27.1±1.9 g, in spring
27.3±1.6 g, in summer 24.9±1.7 g and in autumn 26.1±1.4 g
(means ±S.E.M.).

Tissue preparation

Captured birds were killed with an intraperitoneally injected
overdose of sodium pentobarbital, the abdominal cavity was
opened and the dorsal aorta cannulated. The kidneys were
flushed with 0.2 mol l−1 phosphate buffer (pH 7.4), followed
by half-strength Karnovsky’s fixative (350 mosmol l−1). The
kidneys were dissected from the synsacrum and immediately
placed into the fixative for 24 h to ensure optimum fixation.

Following fixation, the volume of the kidneys was measured
by water displacement (Scherle, 1970).

Light microscopy

Kidney tissue was processed using two different
techniques and embedded in two different media. The
purpose of this portion of the study was to examine whether
different techniques of processing and embedding of the
tissue had any effect on the morphology of the tissue. In
addition, to ensure that any possible differences in the
morphology between the left and right kidney within an
individual bird did not bias the results of the present study,
tissue was sampled as shown in Table 1. Briefly, equal
numbers of kidneys (left and right) were processed in paraffin
wax and acrylic resin for each season.

Paraffin wax

Prior to processing in wax, the lengths and widths of each
kidney were measured using vernier calipers to an accuracy of
±0.1 mm. All measurements were taken at the same location
for all kidneys. Length measurements were taken from the
anterior tip of the cranial division to the most posterior tip of
the caudal division. Width measurements were taken from the
lateral to the medial side of the cranial division (because this
division showed the maximum width of the kidneys). For
embedding in paraffin wax, kidneys were processed routinely
through a series of alcohol solutions of increasing strength,
transferred to toluene and finally into paraffin wax (Paraplast
Plus, Oxford Labware, St Louis, MO, USA). Prior to
embedding in wax, the length and width of each kidney were
re-measured and the degree of shrinkage due to processing was
calculated (see Table 2). Statistical comparisons of the amount
of tissue shrinkage caused by processing were performed using
a one-way analysis of variance (ANOVA). The tissue was cut
in an unbiased manner at 10 equally spaced intervals along its
entire length, sectioned at a thickness of 5µm using steel
knives and mounted onto glass slides (Mayhew, 1991). The
resulting sections were stained with hematoxylin and eosin.

JB4 acrylic resin

Prior to processing in JB4 acrylic resin, the length and width
of each kidney were measured using vernier calipers to an
accuracy of ±0.1 mm. Measurements were taken as described
for paraffin wax. For processing, kidneys were placed into
increasing concentrations of alcohol solutions, then infiltrated
in JB4 resin overnight at 4 °C on a tissue rotator. Prior to
embedding, the length and width of each kidney were re-
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Table 1.Sampling strategy for light microscopic analyses

Number Number Processing method

Season of birds of kidneys Wax Acrylic resin

Winter 6 12 3 left, 3 right 3 left, 3 right
Spring 6 12 3 left, 3 right 3 left, 3 right
Summer 6 12 3 left, 3 right 3 left, 3 right
Autumn 6 12 3 left, 3 right 3 left, 3 right
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measured, and the degree of shrinkage due to processing was
calculated (see Table 2). Statistical comparisons of the amount
of tissue shrinkage caused by processing were performed using
a one-way ANOVA. The tissue was re-immersed in fresh JB4,
and the resin was allowed to cure for 48 h at room temperature
(25 °C). Sections were cut at a thickness of 5µm using steel
knives and mounted on glass slides. As with paraffin sections,
the tissue was cut in an unbiased manner at 10 equally spaced
intervals along its entire length (Mayhew, 1991). Sections were
adhered onto the slides using Tissue-Tack adhesive (Electron
Microscopy Sciences, Ft Washington, PA, USA) and stained
with hematoxylin and eosin.

Stereology

The volume densities of (i) kidney components (cortex,
medulla and major blood vessels), (ii) nephron components
(renal corpuscle, proximal tubule, loops of Henle, distal tubule
and collecting ducts) and (iii) cortical and medullary capillaries
were estimated by point counting using the Cavalieri principle
(Gundersen et al., 1988). Volume densities were converted to
absolute volumes by taking into account the volume of the
kidney estimated by water displacement (Scherle, 1970).

Statistical analyses

Absolute volume data were log10-transformed and analyzed
using analysis of covariance (ANCOVA) to correct for
variations in body mass using the statistical software program
Statistica. Different independent variables were used depending
on the dependent variable being measured. For example, when
analyzing differences in kidney volume, bird body mass was
used as the independent variable. When comparing the volumes
of the cortex, medulla and major blood vessels, kidney volume
was used as the independent variable. When comparing the
volumes of the renal corpuscle, proximal tubules, distal tubules,
cortical collecting duct and cortical capillaries, the volume
of the cortex was used as the independent variable. When
comparing the volumes of the limbs of Henle, collecting ducts
and medullary capillaries, the volume of the medulla was used
as the independent variable. To compare differences between
slopes and elevations of regression lines, a Student–Newman–
Keuls test was performed. Values are presented as means ±
S.E.M.

Results
Tissue shrinkage

Tissue shrinkage due to processing for paraffin wax ranged
from 12 to 23 %, and these values did not differ significantly
among seasons. Tissue shrinkage for processing in JB4 acrylic
resin ranged from 8 to 14 %. These values also did not differ
significantly among seasons (Table 2). However, when data for
the amount of shrinkage due to processing for paraffin wax
(17.7±4.7 %) and those for JB4 (10.1±3.6 %) were grouped and
compared with one another, there was a significantly greater
(P<0.05) degree of shrinkage due to processing for paraffin
wax.

Absolute volume data

The kidneys of house sparrows consist mostly of cortex with
smaller amounts of medulla and blood vessels (Table 3). There
were no significant differences in the absolute volume of the
kidneys among season or between treatments (Table 3A,B).
The majority of the cortex consist of the proximal tubules,
followed by the capillaries, distal tubules, collecting ducts and
renal corpuscles (Table 3). In most cases, there were no
significant differences in the absolute volumes of components
within the cortex. Two exceptions were the distal tubules and
cortical collecting ducts. In the case of the distal tubules, values
for kidneys harvested in the spring and summer and processed
with paraffin wax were significantly higher (P<0.05) than
those for autumn birds processed in either paraffin wax or JB4
(Table 3A,B). For the collecting ducts, data for birds collected
in the winter and spring and processed in wax were
significantly higher (P<0.05) than those of summer and autumn
birds processed in JB4 (Table 3A,B). The majority of the
medulla of the sparrow kidney consisted of thick limbs of
Henle, followed by collecting ducts, capillaries and thin limbs
of Henle (Table 3). There were no proximal tubules within the
medulla of the house sparrow kidney. There were no
significant differences in the absolute volume of components
within the medulla.

Discussion
Studies examining the effects of season on the morphology

of biological tissue have not been widespread. However, data
on gut tissue show that morphology may change with
differences in diet corresponding to differences in season
(Gross et al., 1985; Richardson and Wooller, 1986; Richardson
and Wooller, 1988; Richardson and Wooller, 1990;
Borkowska, 1995). Given the importance of the kidney in
osmoregulation and the fact that different seasons may pose
different osmoregulatory demands on animals, it is reasonable
to speculate that kidney morphology might show seasonal
changes, but to date no studies have examined this relationship.
Instead, previous studies on kidney morphology in both birds
and mammals have examined differences related to habitat. In
birds, there is a tendency for species inhabiting arid
environments to have a greater medullary thickness (Braun,
1985); amongst mammals, those inhabiting an arid
environment tend to have the longest medullary papillae (for

Table 2.Linear percentage tissue shrinkage of house sparrow
kidneys

Length (%) Width (%)

Season Paraffin wax JB4 Paraffin wax JB4

Winter 21.9±1.0 10.8±0.4 14.8±0.9 8.5±1.6
Spring 20.0±1.2 10.6±1.1 14.4±3.1 8.2±1.5
Summer 18.1±1.8 9.6±0.7 22.7±1.6 11.2±2.1
Autumn 17.4±1.5 8.5±1.2 12.4±1.2 13.5±2.2

Values are means ±S.E.M. (N=6).
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reviews, see Braun, 1985; Beuchat, 1996). For both birds and
mammals, those species that live in arid habitats tend to be
better at concentrating their urine than those inhabiting
freshwater habitats, although there are many exceptions
(Braun, 1985; Beuchat, 1996).

In addition to season, the current study also examined the
effects of tissue shrinkage caused by processing using paraffin
wax and acrylic resin. Paraffin wax is the most commonly used
embedding medium among histologists, but results in a
significant amount of tissue shrinkage (Warui, 1989). In the
present study, tissue shrinkage due to processing in paraffin

wax ranged from 12 to 23 %. These values are in agreement
with data from previous published studies also using paraffin
wax (Casotti and Richardson, 1992; Casotti et al., 1993). In
contrast, some investigators have changed to using acrylic
resin as an embedding medium. One advantage of acrylic resin
is that it results in less shrinkage of the tissue; this is preferable
when obtaining quantitative data on variables such as volumes,
surface areas or lengths (Miller and Meyer, 1990; Ladekarl,
1994). Results from the present study on the amount of
shrinkage due to processing in acrylic resin show shrinkage
that ranged from 8 to 14 %, and these values are significantly
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Table 3.Mean absolute volumes of components within the kidney, cortex and medulla in house sparrows processed in paraffin
wax (A) and JB4 acrylic resin (B)

Volume (mm3)

Structure Winter1 Spring2 Summer3 Autumn4 Significance

A
Kidney 130.8±8.1 (2.11) 155.8±8.1 (2.18) 143.8±7.1 (2.16) 122.8±4.4 (2.10) NS

Cortex 108.8±6.7 (2.05) 125.3±6.0 (2.04) 114.5±5.3 (2.04) 99.3±3.7 (2.04) NS
Medulla 9.2±1.3 (0.97) 12.6±1.3 (1.01) 16.4±1.9 (1.17) 12.0±1.1 (1.13) NS
Blood vessels 12.9±1.3 (1.11) 17.8±1.5 (1.21) 12.9±0.7 (1.09) 11.5±1.3 (1.07) NS

Cortex
Renal corpuscle 3.0±0.1 (0.48) 3.4±0.4 (0.49) 3.4±0.3 (0.52) 2.6±0.2 (0.44) NS
Proximal tubule 61.3±4.2 (0.80) 68.9±4.1 (0.78) 59.2±3.1 (0.76) 53.0±2.8 (0.78) NS
Distal tubule 15.9±1.9 (1.20) 22.7±1.6 (1.31) 22.7±1.9 (1.33) 14.7±1.4 (1.21) *
Collecting duct 6.0±0.8 (0.77) 6.1±0.6 (0.73) 5.5±1.0 (0.68) 4.7±0.4 (0.72) **
Capillaries 22.6±1.2 (0.36) 24.2±1.6 (0.34) 23.6±2.2 (0.36) 24.2±1.5 (0.42) NS

Medulla
Proximal tubule 0 0 0 0
Thin limb of Henle 1.0±0.2 (0.93) 1.0±0.1 (0.95) 1.8±0.3 (0.99) 1.2±0.1 (1.06) NS
Thick limb of Henle 4.2±0.6 (0.71) 5.8±0.6 (0.71) 7.3±0.8 (0.70) 5.2±0.6 (0.68) NS
Collecting duct 2.2±0.2 (0.42) 3.2±0.4 (0.46) 4.1±0.5 (0.48) 3.2±0.3 (0.49) NS
Capillaries 1.9±0.4 (1.38) 2.6±0.3 (1.36) 3.2±0.5 (1.31) 2.4±0.3 (1.31) NS

Winter5 Spring6 Summer7 Autumn8

B
Kidney 136.8±6.0 (2.13) 146.8±6.2 (2.16) 138.2±6.5 (2.14) 126.5±2.5 (2.10) NS

Cortex 112.1±4.9 (2.05) 119.5±5.7 (2.04) 113.7±6.9 (2.05) 105.7±2.5 (2.06) NS
Medulla 9.6±1.4 (0.96) 13.0±1.1 (1.06) 11.3±0.7 (1.04) 10.0±0.8 (1.03) NS
Blood vessels 14.7±1.2 (1.16) 13.9±0.7 (1.11) 13.1±1.1 (1.11) 11.2±1.2 (1.05) NS

Cortex
Renal corpuscle 2.5±0.4 (0.37) 2.5±0.2 (0.39) 2.2±0.2 (0.32) 2.1±0.3 (0.32) NS
Proximal tubule 61.8±3.1 (0.79) 71.7±3.5 (0.82) 69.2±6.5 (0.82) 61.7±1.8 (0.82) NS
Distal tubule 18.9±1.5 (1.27) 17.7±1.5 (1.21) 18.2±1.4 (1.25) 14.5±1.2 (1.17) *
Collecting duct 4.5±0.5 (0.64) 5.0±0.9 (0.63) 2.9±0.3 (0.44) 3.2±0.3 (0.53) **
Capillaries 24.4±0.8 (0.39) 22.7±1.4 (0.33) 21.3±2.3 (0.30) 24.2±2.2 (0.39) NS

Medulla
Proximal tubule 0 0 0 0
Thin limb of Henle 1.1±0.2 (1.11) 1.2±0.2 (1.00) 1.0±0.2 (0.99) 1.1±0.2 (1.06) NS
Thick limb of Henle 4.7±0.8 (0.73) 6.3±0.7 (0.73) 5.2±0.4 (0.71) 5.7±0.8 (0.74) NS
Collecting duct 2.1±0.2 (0.37) 2.8±0.2 (0.40) 2.8±0.2 (0.44) 2.5±0.3 (0.43) NS
Capillaries 1.7±0.3 (1.30) 2.6±0.2 (1.35) 2.3±0.3 (1.34) 2.0±0.2 (1.34) NS

Values are means ±S.E.M.
NS, not significant
*2,3>4,8; **1,2>7,8.
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lower than shrinkage due to paraffin wax. These data are
comparable with those of previous published studies (Miller
and Meyer, 1990; Ladekarl, 1994).

The morphology of the kidney of house sparrows was
relatively unaffected by changes in season. None of the variables
examined showed any significant changes with season.
Although, at first glance, absolute volumes of some variables
appear to be significantly different among seasons, when
regressed against their appropriate covariate they are not
statistically significant. These results are somewhat surprising
for two reasons. First, previous studies have shown
morphological differences in the amount of medulla with
changes in habitat (Warui, 1989; Casotti and Richardson, 1992;
Casotti et al., 1993; Casotti et al., 1998), and furthermore, I
hypothesize that a change of season may cause the same effect.
Thus, data from the present study show that kidney morphology
may not be affected by changes in season, and the morphological
differences in kidney structure found by previous authors may,
in fact, be the result of differences in diet or perhaps inherent
phylogenetic differences among species. Second, tissue
processing using paraffin wax caused significantly more tissue
shrinkage than processing in JB4 resin. Despite this, the absolute
volume data in this study show no significant differences in the
medulla processed by either method.

Two components of the nephrons (the distal tubules and
collecting ducts) showed significant differences with respect to
the method of processing the tissue. On occasion, the volumes
of distal tubules and cortical collecting ducts were significantly
higher in tissue processed with paraffin wax. That volumes of
nephron components were significantly higher when processed
with wax than when processed with resin is unusual, given that
data on tissue shrinkage show that the tissue shrank more when
processed in wax than in resin. Hence, differential tissue
shrinkage must have occurred either in the wax-embedded
or in the resin-embedded tissue. Thus, in some instances,
processing method had an effect on the amount of structure
measured within the kidney. The suggestion that methods used
to process biological tissue can affect an anatomical variable
has been documented previously (Miller and Meyer, 1990;
Ladekarl, 1994).

The volumes of distal tubules and cortical collecting ducts
were not consistently higher in any one season; hence, there
was no correlation between anatomical structure and season.
As in the mammalian nephron, the distal tubule in the avian
nephron passively reabsorbs water and actively reabsorbs
sodium chloride from the nephron tubule (Braun and Dantzler,
1997). This additional reabsorption within the cortex aids in
conserving fluid that might otherwise be excreted. Hence, the
act of reabsorption by the distal tubule saves both water and
solutes. In the avian nephron, absorption of sodium chloride
from the distal tubule may, in some instances, proceed without
water reabsorption, further increasing the concentration
gradient along the length of the nephron tubule and thus
allowing water to be reabsorbed distally along the nephron
at the medullary collecting ducts. In mammals, water is
reabsorbed along the collecting ducts in the presence of

antidiuretic hormone (ADH). In birds, the ADH is adenine
vasotocin (AVT). Although presumed to act along portions of
the distal nephron (i.e. the collecting duct system and cortical
collecting duct), the site of action of AVT has not yet been
identified. This action has not been directly demonstrated.

As with the distal tubules, the cortical collecting tubules also
play a role in producing a concentrated urine by reabsorbing
water from the tubular lumen. In addition, they are also known
to secrete mucin, which may aid in eliminating uric acid from
the kidney (Nicholson, 1982). They play a role in producing a
concentrated urine, so their volume might have been expected
to vary with season.

In summary, there appear to be no significant changes in the
morphology of the sparrow kidney with season. This study did
find some significant differences in kidney structure related to
processing method, so the method by which histological tissue
is processed may affect the quantitative outcome. JB4 acrylic
resin produces less tissue shrinkage than paraffin wax so it
should be the preferred embedding medium for quantitative
morphological studies.

This study was funded by a Faculty Development Grant
from West Chester University, FD 2112-001.
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