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Abstract
Objective(s)
Air pouch is a well-established inflammatory model in which fluid extravasations; leukocyte migration,
angiogenesis and other parameters involved in the inflammatory response can be measured. In this study, the
influence of gender on inflammatory parameters has been examined in the air pouch model.
Materials and Methods
To induce air pouch, adult male and female Wistar rats were anesthetized, then 20 ml and 10 ml of sterile air
were injected subcutaneously on the back on day 0 and day 3, respectively. On day 6, inflammation was
induced by injection of 1 ml of carrageenan 1% into pouches. After 6 and 72 hr, the rats were sacrificed,
pouch fluid was collected in order to determine exudates volume and the accumulated cells were counted
using a hemocytometer. Pouches were dissected out and weighed. Angiogenesis of granulomatous tissue was
assayed using hemoglobin kit.
Results
Analysis of our data demonstrated a sexually dimorphic pattern in inflammation parameters both in acute and
chronic forms (P<0.05). The value of angiogenesis in the air pouch model in male rat was higher than that
female rats (P<0.001).
Conclusion
The degree of inflammation and angiogenesis induced in Wistar rat air pouch model is gender-dependent,
suggesting that gender may be a key consideration in the design of inflammation experiments.
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Introduction
In humans, a marked sexual dimorphism in the
immune system is well established and is
reflected
in
different
immunological
vulnerabilities of men and women (1).
Recently, gender-specific differences in
severity have been reported in a number of
murine models of inflammation. Such findings
have direct implications on the design and
interpretation of experiments, and may also
prove useful for investigating the nature of
similar phenomena observed in patients (2).
The air pouch model has been extensively
used for the study of various types of
inflammation and inflammatory processes.
This model has distinct advantages over other
models of inflammation because of the ability
to perform biochemical analysis of both the
exudates and inflammatory cells together with
the histological and angiogenesis analysis of
the air pouch lining (3). The volume of fluid,
cellular components and granulation tissue
weight as well as angiogenesis in this animal
model were hypothesized to have different
sex-based patterns of development. Thus the
current study was undertaken to examine the
role of gender dimorphism in inflammatory
response in the Wistar rats.

Materials and Methods
Animals
Fifty albino Wistar rats (200-250 g, Razi, Iran)
were divided into 8 groups of at least 6 animals
each. Rats in each experiment group were
matched in age and weight. Rats were housed at
constant temperature (20±1.8 ◦C) and relative
humidity (50±10 %) in standard polypropylene
cages, six per cage, under a 12L: 12D schedule,
and were allowed food and water freely. The rats
were acclimatized to the laboratory for at least 1
hr before testing. All the procedures involving
animals and their care were conducted in
conformity with Tabriz University of Medical
Sciences laws and policies.
Induction of air-pouch type inflammation by
carrageenan in rats
To induce an air pouch, rats were lightly
anesthetized with halothane, their back were
shaved and swabbed with 70% ethanol, and 20

ml of sterile air was injected into the
subcutaneous tissue of the back in the region of
the clavicles to make an oval-shaped air pouch.
After 2 days, the pouches were re-inflated with
10 ml of air. On day 6, inflammation was
induced by injection of 1 ml of a 1% (w/v)
suspension of Type1 Lambda carrageenan
(Sigma, St. Louis, MO, USA) in saline into the
air pouch under light halothane anesthesia (4).
The carrageenan solution had been sterilized by
autoclaving at 121 °C for 15 min and
supplemented with antibiotics [0.1 mg of
penicillin G potassium (Jaber Ebn-e-Hayyan,
Iran) and 0.1 mg streptomycin sulfate (Jaber
Ebn-e-Hayyan, Iran) per milliliter of the
solution] after cooling to 40-45 °C (5).
Determination of pouch fluid volume,
leukocyte infiltration, and granulation tissue
weight
Six hr and three days after the injection of
carrageenan solution, the rats were sacrificed
by halothane overdose. The pouches were
flushed with 3 ml of PBS, pH=7.4, and
vigorously massaged for 30 sec. The pouches
then were opened with a small incision and the
exudates were collected and their volumes
were measured. The leukocytes in the fluid
were counted using a hemocytometer, and the
formed granulation tissue was dissected and
weighed (6).
Determination of angiogenesis in granulation
tissue
Measurement of angiogenesis in granulation
tissue was carried out according to the
methods described by Ghosh et al (7) with
slight modifications. The granulation tissue
(formed, three days after the injection of
carrageenan solution) was dissected and
weighed. The dissected granulation tissue was
washed in PBS, pH 7.4, and cut into small
pieces with scissors before being homogenized
in Drabkin reagent (Ziestchem Diagnostics,
Iran) using a homogenizer (HO4 AP-Edmund
Bϋhler, B. Braun, Germany) for 4 min at scale
40 on an ice bed. The tissue homogenate was
centrifuged at 10,000 g and 4 °C for 30 min.
The supernatants were filtered through a
0.22 µm filter (Millipore). The hemoglobin
concentration in the supernatant was then
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Results
Time changes of pouch fluid volume, number
of Infiltrating leukocytes and granulation
tissue weight
After injection of the carrageenan solution into
the air pouch, the pouch fluid volume
increased significantly after 6 hr and then
markedly for the next 72 hr in female and male
rats (Figure 1A and Figure 2A).
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Statistical analysis
All results were expressed as mean±SEM. The
statistical significant of the results was analyzed
by the unpaired t-test with a P-value of <0.05
considered significant.

The total number of infiltrating leukocytes in the
pouch fluid was highest at hr 72 in female rats
(Figure 1B). At the time of carrageenan
injection, a very thin granulation tissue was
formed in the subcutaneous tissue which was
difficult to dissect quantitatively. Granulation
tissue was dissectible at hr 6 and the wet weight
was further increased at 72 hr later in female and
male rats (Figure 1A and Figure 2A).

Exudate Volume (ml)

determined spectrophotometrically by measuring
absorbance at 540 nm using a hemoglobin assay
kit
(Hemoglobin
Colorimetric-method,
Ziestchem Diagnostics, Iran). The amount of
hemoglobin in the granulation tissue was
expressed as mg hemoglobin/100 g wet tissue.
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Figure 2. Time course of pouch fluid accumulation, total
number of infiltrating leukocytes in the pouch fluid and
granulation tissue weight in male rats. One milliliter of a
1% (w/v) carrageenan solution in saline was injected
into the air-pouch. The pouch fluid volume, granulation
tissue weight (A), the total number of leukocytes in the
pouch fluid (B), were determined 6 and 72 hr after
carrageenan injection. Values are the mean with SEM
shown by vertical bars from six rats. NS P>0.05,
**P<0.01, ***P<0.001.
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Figure 1. Time course of pouch fluid accumulation, total
number of infiltrating leukocytes in the pouch fluid and
granulation tissue weight in female rats. One milliliter
of a 1% (w/v) carrageenan solution in saline was
injected into the air-pouch. The pouch fluid volume,
granulation tissue weight (A), the total number of
leukocytes in the pouch fluid (B), were determined 6
and 72 hr after carrageenan injection. Values are the
mean with SEM shown by vertical bars from six rats.
**P<0.01, ***P<0.001.

82 Iran J Basic Med Sci, Vol. 12, No. 2, Summer 2009

Effects of gender on pouch fluid volume,
number of infiltrating leukocytes and
granulation tissue weight 6 hr after
carrageenan injection
As shown in Figure 3A, 6 hr after carrageenan
injection, the male rats had greater numbers
(P<0.05) of leukocytes (119.64±7.8, n=6) than
female rats (85.56±8.1, n=6). However, the
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exudates volume of female rats was
significantly (P<0.01) greater than male rats
(Figure 3A). Figure 3B shows that the
granulation tissue weight of male rats
(2.64±0.253 g, n=6) is significantly (P<0.05)
greater than female rats (1.58±0.2 g, n=6).

higher than female rats (3.5± 0.46 g, n=6). The
levels of hemoglobin in the granulation tissue
of female rats were significantly (P<0.001)
less than those in male rats 72 hr after
carrageenan injection (Figure 4 B).
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Figure 3. Effect of gender on pouch fluid accumulation,
total number of infiltrating leukocytes in the pouch fluid
and granulation tissue weight 6 hr after carrageenan
injection. The total number of leukocytes, pouch fluid
(A), and the granulation tissue weight (B) were
determined 6 hr after carrageenan injection. Values are
the mean with SEM shown by vertical bars from six
rats. * P<0 .05, ** P<0. 01.

Effects of gender on pouch fluid volume,
number
of
infiltrating
leukocytes,
granulation tissue weight and angiogenesis
72 hr after carrageenan injection
In three days postcarrageenan challenge, as
shown in Figure 4, the female rats had greater
numbers of leukocytes (P<0.05). The exudates
volume of female rats (8.05±0.45 ml, n=8) was
significantly (P<0.05) greater than male rats
(6.83±0.44 ml, n=9). Referring to Figure 4B
the granulation tissue weight of male rats
(5.08±0.43 g, n=9) was significantly (P<0.05)
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Figure 4. Effect of gender on pouch fluid accumulation,
total number of infiltrating leukocytes in the pouch
fluid, granulation tissue weight and hemoglobin value in
granulation tissue 72 hr after carrageenan injection. The
total numbers of leukocytes, the pouch fluid (A), the
granulation tissue weight and hemoglobin values (B)
were determined 72 hr after carrageenan injection.
Values are the mean with SEM shown by vertical bars
from six rats. *P<0.05, ***P<0.001.

Discussion
The results of this study indicated that after
injection of the carrageenan solution into the
air pouch, the pouch fluid volume, the total
number of infiltrating leukocytes in the pouch
fluid, distinct granulation of the pouch wall
lining and angiogenesis increased significantly
after 6 hr and then markedly for the next
72 hr. The inflammatory response of the air
pouch has been shown to change dramatically
due to the age of the air pouch (8). In Wistar
rat we observed differences in the degree of
inflammation induced in males compare to
females. These findings may be in part
consistent with those of Joe et al (2), who also
reported intra-strain gender differences in
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some, but not all tested strains in the volume
of inflammatory exudates accumulated in air
pouches of rats. Delano et al (9) reported that
distinct sets of genetic loci are potentially
associated with the degree of inflammation
reached in male versus female mice. Based on
these reports, the gender–related genetic loci
controlling carrageenan-induced inflammatory
responses may exist.
Crockett et al (10) reported that during the
diestrous and metestrous stages, there is a
marked increase in the number of leukocytes
in the vaginal stroma and lumen of mice,
which denotes the presence of an
inflammatory response. If the mice were at
either of these stages of their estrous cycle, it
would account for the difference observed
between males and females. These differences
may be due to circulating estrogen in females,
although the exact mechanisms by which
estrogen exerts its effects are unknown. In
addition, estrogen has been observed to
enhance wound healing through an antiinflammatory effect by limiting neutrophil and
macrophage infiltration and suppressing the
production of numerous cytokines including
Tumor necrosis factor alpha (TNF-α), and
macrophage migration inhibitory factor (11).
Testosterone has been shown to increase
TNF-α induced expression of E-selectin which
regulates the extravasation and migration of
neutrophils (12).
In addition, results from this study showed
that both in 6 hr and 72 hr after inflammation
induction the granulation tissue weight was
greater in male rats than female rats. Hermes
et al have shown that Sprague-Dawley male
rats produced granulomas 48% larger by
weight than those produced by females (13).
The granulomatous tissue weight differences
between sexes may be due to circulating sex
hormones. If the progestogen had been
deposited into the granuloma pouch at the
same time as the croton oil or on the previous
day, the membrane, compared with that
induced solely by the croton oil would have
been much thinner. Injected progestogen into
the air sac produced no granulomatous
membrane at all (14). In the chronic phase of a
granuloma
response
to
carrageenan,
Interleukin-1 (IL-1) plays a primary role in
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maintaining permeability of the vascular
endothelium as well as in promoting wound
healing through its effects on angiogenesis,
fibroblast proliferation, and chemotactic
effects on immune cells. Thus the difference
between male and female rats can be explained
in part by the significantly reduced IL-1
secretion present in the exudates, suggesting a
link between sex dimorphism and the
production of proinflammatory cytokines (13).
Angiogenesis
contributes
to
the
development and progression of various
pathological conditions such as inflammatory
diseases. Down-regulation of angiogenesis has
been considered to be advantageous for the
prevention of neoplastic growth and
inflammation. Using an air pouch-type
carrageenan-induced inflammation model in
rats, we demonstrated that gender may
influence angiogenesis in the developing
chronic granulation tissue. The decrease in
hemoglobin content in granulation tissue
seemed to correlate with the decrease in the
capillary density (7). Vascular endothelial
growth factor, VEGF, has been shown to be a
key mediating factor in the underlying cascade
of chemical events leading to angiogenesis,
which makes it a very important precursor
molecule. There is evidence that VEGF
baseline levels appear to be dependant upon
the gender of the animal (15).
Taken together, these findings are consistent
with our data, which demonstrate clear genderdependence in the air pouch model of acute
inflammation.

Conclusion
The results of this study clearly showed the
degree of inflammation and angiogenesis
induced in Wistar rat air pouch model is
gender-dependent. It seems that gender may be
considered as an important factor in the design
of inflammation experiments. A better
understanding of gender disparities may
ultimately lead to new pharmacological targets
for the treatment of inflammatory disorders.
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