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Basolateral amygdala influences the phagocytosis of reticuloendothelial cells in rats
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Abstract
The basolateral amygdala (BLA) appears to be a potential brain area for regulating immune responses when its neuroanatomical
connections and functions are considered. The phagocytic activity of reticuloendothelial (RE) cells, a part of the innate immune
responses, was used to assess the immunomodulatory effects of different extracts from plants and animals. In an attempt to study
the immunomodulatory role of BLA on the phagocytic activity of RE cells, BLA was lesioned electrolytically in rats and the
phagocytic activity of RE cells was assessed by carbon clearance test after two weeks of surgery along with the measurement of
serum corticosterone level. The phagocytic activity of RE cells and serum corticosterone level were decreased in the BLA lesioned
rats compared to that of control and sham operated rats. This study shows that the phagocytic activity of RE cells is suppressed in
BLA lesioned rats which probably indicates a stimulatory influence of BLA on the observed innate immune response in intact
control animals.
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1. Introduction
The amygdala is well known for its role in emotional
experience [1] and emotional memory in humans [2]. The
autonomic changes associated with emotion may be related to
the activity of amygdala as it has been reported that amygdala
has direct neural connections to the autonomic preganglionic
neurons, hypothalamus and other neural areas regulating
autonomic functions [3]. The immune responses are altered
with the emotional status of humans [4-6]. In experimental
animals different CNS areas involved with the regulation of
emotion and autonomic functions were reported to influence
immune responses [7].
Though the hypothalamic nuclei such as paraventricular
nucleus (PVN), anterior hypothalamus (AH), medial
hypothalamus (MH) were investigated extensively to assess
their participation on the immune responses in animals [8-11],
the involvement of amygdala in regulating immune responses
has been investigated very little. Some investigators have
reported that lesion in amygdaloid complex and hippocampus
in rats led to enhanced proliferative response of spleen cells
and thymocytes to Con a stimulation [12-14].
The amygdaloid complex consists of many nuclei such as
basolateral, medial, central and ventromedial [15]. The
basolateral amygdala (BLA) was reported to be related with
memory consolidation and activity behavior [16-18]. The rats
became hypoactive after lesion of BLA but did not show any
change of NKCC (Natural killer cell cytotoxicity) activity [19].
The phagocytic activity has been used by several investigators
to study the immunomodulatory roles of different brain areas
such as hippocampus and hypothalamus [11, 20, 21]. The
phagocytic activity of RE cells has been measured in vivo by
carbon clearance test [22-26] and was used as indicator to assess
the immunomodulatory effects of plant and animal extracts [2327]
. The serum corticosterone in rats is important for

influencing the immune responses and has been measured by
several investigators along with immune responses in animals
and humans to identify the regulating factors for the changes
of immune responses [28-31]. In the present study the phagocytic
activity of RE cells and serum corticosterone level have been
measured by carbon clearance test in BLA lesioned rats in an
attempt to study the immunomodulatory role of BLA in rats.
2. Method
Animals
In this study 36 male albino rats (Charles-Foster strain)
weighing 200–220g were used. Animals were housed
individually in polypropylene animal cages with food pellets
and water ad libitum in the animal room with a 12-hour lightdark cycle (light 7 a.m. to 7 p.m.). The animal room was
maintained at a temperature of 25 ±1 °C. Adequate measures
were taken to minimize the pain and discomfort of the rats as
per institutional ethical regulation.
Design of Experiments
Experiment I
(Phagocytic activity of RE cells): Eighteen rats were equally
divided into 3 groups: control, sham-operated group (electrode
was inserted into BLA without electrolytic coagulation) and
basolateral amygdala (BLA) lesioned group (BLA was
coagulated electrolytically). The phagocytic activity of
reticuloendothelial cells (RE cells) was assayed by carbon
clearance test in BLA lesioned rats after two weeks of lesion
along with control and sham-operated rats.
Experiment II
(Serum Corticosterone Concentration): Eighteen rats were
equally divided into 3 groups: control, sham-operated and
BLA-lesioned groups. The serum corticosterone concentration
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was measured by RIA in BLA lesioned rats after 2 weeks of
surgery along with the control and sham-operated groups.
Lesion of Basolateral Amygdala
A nichrome-coated bipolar electrode (tip was uninsulated) was
placed stereotaxically at 2mm posterior to the bregma,
±4.5mm lateral to midline and 8mm below the skull surface
with bregma and lambda in the same horizontal plane. Nathiopental (50 mg/kg body weight, i.p.) was used as
anesthesia. 2 mA DC current were passed for 10 second
through the bipolar electrode to make a lesion in Amygdala
lesioned (BLA).
Carbon Clearance Test
The RE cell phagocytic activity was measured by the methods
of carbon clearance test as described by others [22, 27]. A carbon
suspension was obtained from carbon ink (India ink, Camal)
which contained approximately 100 mg carbon/ ml, suspended
in a fish glue solution. It was centrifuged at 500 rpm for 15
min and the carbon was obtained from the precipitate. 10mg of
carbon was dissolved in 100 ml distilled water. After deep
anesthesia with sodium thiopental (50 mg/kg body wt.), 0.1 ml
carbon suspension (10%) was injected into the tail vein of the
rat and 20µl of blood was collected from retro-orbital sinus at
the interval of 5 min into three 5 ml test tubes. 20µl of blood
was also collected from retro-orbital sinus before the injection
of carbon suspension in each rat. Thus four samples of blood
were collected at 0, 5, 10 and 15 min after carbon suspension
injection in each rat. 2ml of acetic acid (1%) was added with
each 20µl of blood sample and the absorbance of mixed
solution was measured at 660 nm by spectrophotometer
(Simadzu, Zapan). A regression line was drawn from the mean
absorbance values at different time intervals for each group of
rats (MINITAB statistical software). This slope of the
regression line was considered as the phagocytic index (PI) of
RE cells.
Serum Corticosterone Concentration
The blood was collected (1ml without anticoagulant) from the
heart of a deeply anesthetized rat (Na-thiopental, 50 mg/kg
body weight, i.p.) by a syringe between 2: 30 and 3: 00 p.m.
on the day of sacrifice. The serum from the blood was used for
measuring corticosterone. The concentration of the collected
serum was determined by radioimmunoassay using a
commercially available kit [125] Rat Corticosterone (Coat-ACount, Siemens Healthcare Diagnostic Inc, USA)]. The
antisera used for the assay was highly specific for the rat
corticosterone and it had 1.58% cross-reactivity with 11-deoxy
corticosterone. The assay sensitivity was approximately 5.7
µg/dl and intra-/inter-assay coefficient variation is < 6%.
Confirmation of Lesion by Histology
The BLA lesioned rats of Experiment I and II were sacrificed
after 2 weeks of surgery by deep anesthesia (Na-thiopental, 50
mg/kg body weight, i.p.) and the brain was perfused
intracardially with 0.9% saline followed by 10%
formaldehyde solution. The brains were removed from the
skulls and were kept in 4% formaldehyde solution for fixation.
After dehydration and clearing, paraffin blocks of those brains

were prepared and 10 µm thick sections were cut by a
microtome. The brain sections were stained by hematoxylineosin to identify the lesioned area (Fig. 1).
Statistical Analysis
Data are expressed as mean ± SEM. One-way ANOVA was
employed to compare the data of the control, sham-operated
and BLA-lesioned groups followed by LSD post hoc test using
the Statistical Package for Social Science Software (SPSS
software: 9.0.0, USA). P ≤ 0.05 was considered as a
significant difference.

Fig 1: Hematoxylin-eosin-stained histological section of rat brain
showing the BLA-lesioned area along with its location in a coronal
section.

3. Results
Phagocytic activity of RE cells
The phagocytic activity of RE cells were decreased as
indicated by increased phagocytic index (p<0.01) in the BLA
lesioned rats compared to that of control and sham-operated
rats (Fig. 2). The phagocytic index measured from the rate of
carbon clearance in BLA lesioned rats was - 0.0006±0.0004.
The mean phagocytic indices of control and sham operated
groups were - 0.004±0.0001 and - 0.002±0.0003 respectively.

Fig 2: The PI of RE cell in the control, sham-operated and basolateral
amygdala (BLA) lesioned rats after 2 weeks of surgery. * Significant
at P < 0.01, between BLA lesioned rats and control/sham-operated
rats. The values are expressed as mean ± SEM (n = 6).

Serum Corticosterone Concentration
The serum corticosterone concentration in BLA lesioned rats
was significantly decreased compared to that in the control [F
(2, 9) = 12.12, P < 0.05] and sham-operated rats [F (2, 9) =
12.12, P < 0.01]. (Table 1).

39

European Journal of Biotechnology and Bioscience

Table1: Serum corticosterone concentration in the control, sham-operated and basolateral amygdala (BLA) lesioned
rats after 2 weeks of surgery.
Groups
Serum corticosterone concentration (µg/dl)
Control
174.1±10.033
Sham-operated
180.2±7.076
Basolateral Amygdala (BLA) lesioned
90.7±12.186*,+
Values are expressed as mean ±SEM, n= 6 * Significant at p < 0.01 between BLA lesioned rats and control groups,
+p < 0.05 between BLA lesioned rats and sham operated groups.

4. Discussion
In the present study the effects of the lesion of basolateral
amygdala (BLA) on phagocytic activity of RE cells by carbon
clearance test have been studied. The RE cells include sessile
and fixed macrophages, Kupffer’s cells and other free
histiocytes such as monocytes, neutrophil etc [26]. These RE
cells act as first line of defense in the body by its ability to
scavenge debris, bacteria and other foreign matter by
phagocytic activity [23, 32]. These cells also help in the defense
mechanism by secreting cytokines such as IL1, IL6, TNF α
and reactive oxygen species [25, 32]. RE cells have the ability to
remove carbon particle and silicon by ingesting them through
phagocytosis. The phagocytic activity of RE cell has been
studied by several investigators using carbon clearance test to
assess the immunomodulatory effects of several plant and
animal extracts [23-27].
The phagocytic activity as an innate defense mechanism has
been used by several investigators to explore the
immunomodulatory role of different areas of central nervous
system [11, 20]. The phagocytic activity of blood WBC was
increased after lesion of medial septum [34], posterior
cerebellum [35], and electrical stimulation of hippocampus [11]
while it was inhibited after lesion of paraventricular nucleus
(PVN) of hypothalamus [20]. The phgocytic activity of RE cells
have not been assessed to explore the immunomodulatory role
of different CNS areas. In the present study RE cells showed
decreased phagocytic activity in carbon clearance test in BLA
lesioned rats. Though any behavioral test was not done in
BLA lesioned rats of the present study, others have reported
hypoactivity in novelty test in BLA lesion rats [19]. This
behavioral change may be associated with the changes of
some immune responses as HPA axis and cytokines are
changed with behavioral pattern [36]. However, NKCC activity
was not changed in BLA lesioned rats when the hypoactivity
was noted [19]. The present study showed that RE cells activity
were changed in BLA lesioned rats indicating an
immunomodulatory role of BLA on the one component of
innate immune responses. The involvement of amygdaloid
complex in immune regulation was indicated by the
observation that the number of thymocytes and spleen cells
were increased and proliferative response of these cells to Con
A were enhanced after lesion of amygdaloid complex in rats
[12-14]
. Though cytokines in BLA lesioned rats were not
measured in the present study the activity of HPA axis was
assessed by measuring serum corticosterone. The plasma
corticosterone level was decreased significantly after 2 weeks
of lesion of BLA which can be supported by the observation
of Gafford et al. 1981 [37] who reported that the adrenocortical
responses as well as the glucocorticoid release were inhibited
after lesion of amygdala. This lower corticosterone cannot
explain the decreased phagocytic activity of RE cells as the
phagocytic activity of macrophages were inhibited by higher
dose of glucocorticoids [28, 38]. The effect of excess in vitro

glucocorticoids on the phagocytic activity of macrophages was
investigated and it was reported that the phagocytic activity of
macrophages was suppressed in a high dose of glucocorticoids
but was increased in a low dose [28, 38]. The in vivo phagocytic
activity of macrophages is influenced by many signals such as
cytokines including corticosterone [29, 30]. There are only few
studies on the effect of in vivo glucocorticoids on the
macrophage functions [31, 39]. Though some investigators
reported a biphasic effects of glucocorticoids on inflammatory
responses similar to that of in vitro study [29, 31], others found
that the inflammatory response of monocytes did not enhance
in human subjects after depletion of endogenous
glucocorticoids by oral RU486 (blocker of intracellular
glucocorticoids receptors) and intravenous (i.v) administration
of etomidate at a low dose that inhibit adrenal 11-β
hydoxylase [39]. The later investigators suggest the in vivo
effect of glucocorticoids is not universally anti-inflammatory
as the depletion of glucocorticoids fails to increase the
proinflammatory responsiveness of monocytes. The low serum
level of corticosterone with a concomitant lower phagocytic
activity in BLA lesioned rats may therefore be reconciled from
observation of [39] but the mechanism of this change of
phagocytic activity of RE cells in BLA lesioned rats cannot be
ascertained from this experiment. However, this study shows
that the phagocytic activity of RE cells was suppressed in rats
after 2 weeks of BLA lesion probably indicating a stimulatory
influence of this nucleus on the phagocytic activity of RE cells
in intact control animals.
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