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Abstract: Glucocorticoids (GCs) are one of the most important regulatory hormones in the human body.
Glucocorticoid hormones have been widely used in clinical practice as potent anti-inflammatory and
immunosuppressive agents. Dexamethasone is a synthetic glucocorticoid. It is frequently used as a
medication to treat a variety of inflammatory conditions and metabolic problems in both humans and
farm animals. The side effects of long-term dexamethasone treatment have become a major source of
concern. In the present study the effect of chronic dexamethasone treatment on histomorphology of main
lymphoid organs in adult male mice was assessed. Involution of thymus and spleen was prominent with a
significant reduction in organ weight and organ/body weight ratio. Thymus histology showed severe
atrophy and fatty infiltration. The size and density of thymocytes in cortex as well as in medulla was
reduced. In spleen, disorganized white pulp with reduced splenocyte density and size was observed. The
results of the present study highlight the effects of DEX treatment on histopathology of lymphoid organs
thymus and spleen. Hence long-term use of dexamethasone may be a risk factor for the development of
immune related disorders.
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L. INTRODUCTION
Glucocorticoids (GCs) were discovered in the 1940s and are one of the most important regulatory hormones in the
human body (Vandewalle et al., 2018). Glucocorticoid hormones have been widely used in clinical practice as potent
anti-inflammatory and immunosuppressive agents. Dexamethasone (DEX), the synthetic analogue of glucocorticoid, is
a proven immune suppressive and anti-inflammatory agent (Cohn, 1997; Turnbull and Rivier, 1999). Dexamethasone, a
corticosteroid, exhibits similarities to a naturally produced hormone synthesised by the adrenal glands. It is commonly
used as a replacement for this substance in situations where the body's synthesis is inadequate. It is widely used in the
treatment of metabolic diseases and inflammatory disorders in humans as well as in farm animals (Munk et al., 1984;
Wilckens and DeRijk, 1997; Mandell, 2000). Dexamethasone affects all the major system of the body and hence the
major concern has emerged about the possible adverse effects of the long-term dexamethasone treatment. Immune
system is one of the most sensitive systems to the dexamethasone. Numerous studies have investigated the effect of
dexamethasone treatment on thymus and spleen, the major lymphoid organs, and alterations in other immune
parameters. Thymic involution due to dexamethasone exposure is well reported (Cohen, 1992; Compton et al., 1992;
Zucker et al., 1994). Dexamethasone-induced spleen involution and effect on splenocyte proliferation have been
studied (Ben Nathan et al., 1995; Haldar et al., 2004). Studies have also reported that dexamethasone exposure
suppresses cellular and humoral immune function (Ader and Cohen, 1993; Dhabhar and McEwen, 1997; Anderson et
al., 1999; Moire et al., 2002).
Reports on dexamethasone effect on immune system have been derived mainly from in vitro studies. Much of the work
has been fragmentary, limited either to the lymphoid organs (thymus/spleen) or to cellular and humoral immune
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functions. Studies related to the long-term in vivo effect of dexamethasone on different lymphoid organs are very few.
In vivo studies are mainly focused to the effect of stress-induced elevated glucocorticoid level on immune system.
Since synthetic glucocorticoids differ from the natural glucocorticoids in their potency and affinity for glucocorticoid
receptor subtypes (Dhabhar and McEwen, 1999), the in vivo effect of dexamethasone on immune system may be
different from the effect of stress-induced elevated glucocorticoid level on immune system. In addition, heterogeneity
in receptor expression among various components such as thymus and spleen has been reported (McEwen, 1998;
Dhabhar, 2002). This suggests that the response to dexamethasone accordingly might be different. In view of these
facts the present study was carried for the elucidation of the overall impacts of chronic dexamethasone treatment on the
histomorphology of the main immune organs, thymus and spleen in adult male mice.

II. MATERIALS AND METHODS
Animals
Male adult mice (Parkes Strain) used in the present study were obtained from Central Animal House, CDRI, Lucknow.
Animals were housed in PVC cages (290x320x390 mm) and were maintained on a 12-hour light/dark cycle at a
constant temperature (23+2°C) and humidity (50% to 55%). All the animals were having free access to water and mice
feed ad libitum. They were acclimatized to the laboratory condition for one weak prior to use. The care and handling of
the animals were according to the guidelines of the Committee for the Purpose of Control and Supervision of
Experimental Animals (CPCSEA), Ministry of Environment and Forests, Government of India.
Experimental Design
Sixteen adult male mice (35 g BW) were divided into two groups of ten each. Group I mice were given intraperitoneal
injection of dexamethasone 21-phosphate (400 ng/kg BW/day, i.p,) for thirty consecutive days in sterile pyrogen free
saline. Group II mice received an equal volume of sterile pyrogen free saline (SAL) for the same period and are treated
as control group. All the injections were given at evening hours between 4:45pm to 5:00pm. On the termination of the
experiment, animals of both the groups were sacrificed by decapitation. Thymus and spleen were immediately dissected
out, freed from the adjacent tissues, blotted and weighed. The thymus and spleen were then fixed in Bouin’s fluid for
further histological study.
Histology
After overnight fixation the tissues were washed thoroughly and processed conventionally for paraffin embedding.
Sections of 5-7um thickness were cut and stretched on a clean glass slides. After deparaffinization sections were
stained with hematoxylin and counter stained with eosin for basic histopathological analysis under light microscope.
Statistical Analysis
The results are expressed as Mean+S.E (n=8). Statistically significant difference between the treatment groups (SAL
vs. DEX) were analyzed using student’s ¢-test. The differences of the means were considered significant when p<0.05.
For all statistical analysis, a computer statistics package SPSS V 10.0 for windows was used.

III. RESULTS
Effect on Lymphoid Organ Weight
Chronic dexamethasone treatment for thirty consecutive days resulted in a remarkable weight loss of thymus and spleen
(Table 1). A reduction of 70% in the thymus weight of DEX group was observed (Fig. 1A). Statistically significant
difference was detected between the thymus/body weight ratios of DEX and SAL group (Fig. 1B). Spleen weight also
decreased significantly (43%) due to dexamethasone treatment (Fig. 2A). There was significant difference between
spleen/body weight ratios of DEX group and SAL group (Fig. 2B).
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Experimental Groups

Parameters SAL DEX
Thymus Weight

Absolute (mg) 66.11+2.36 17.01£1.79 #x*x

Relative (mg/100 g BW) 186.22+20.2 52.33+10.4 **
Thymocyte Size

Cortex (nm) 3.95+0.07 3.48+0.05 =

Medulla (pm) 3.99+0.06 3.1320.07 ==
Spleen Weight

Absolute (mg) 218.34+164 117.64£17.5 =%

Relative (mg/100 g BW) 615.04+43.4 361£21.5 ==
Splenocyte Size

Follicles (pm) 4.86+0.13 4.13+£0.06 =

Table 1 Effect of dexamethasone treatment on lymphoid organ (thymus & spleen) weight and size of thymocytes and
splenocytes. Data are expressed as mean+S.E Asterisks indicate significant differences between the groups (* P<0.05,
*# P<0.01, *** P<0.001, student’s ¢ test).
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Fig. 1 Thymus weight (A) and Thymus/body weight ratio (B) in control (SAL) and dexamethasone (DEX) treated
mice. Data are expressed as mean+S.E (N=10). Asterisks indicate significant differences between the groups (student’s
t test).
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Fig. 2 spleen weight (A) and Spleen/body weight ratio (B) in control (SAL) and dexamethasone (DEX) treated
mice. Data are expressed as mean+S.E (N=6). Asterisk indicates significant differences between the groups (student’s ¢
test).

Effect on Lymphoid Organ Histology

Chronic dexamethasone treatment has a profound effect on the histology of thymus and spleen (Table 1, Figs. 3&4).
Severe atrophy of thymus and fatty infiltration was observed in DEX group as compared to SAL control (Figs. 3a, b).
The overall corticomedullary ratio was changed due to reduced cortical area (Fig 3b). The size (Table 1) and density of
thymocytes in the cortex and medulla was reduced when compared to control mice (Fig 3c-f). The corticomedullary
junction became indistinct in DEX group due to reduced density in cortex. More condensed and darkly stained nuclei in
the cortical region indicative of apoptotic cell death were observed in DEX group compared to SAL group (Figs. 3c, d).
Control mice showed normal spleen histology with distinct area of red pulp (red blood cell storage and degradation)
and white pulp (lymphoid area). In the white pulp areas follicles were well organized with distinct germinal centers and
a clear marginal zone (Fig 4a). In the dexamethasone treated animals, zonation between white pulp and red pulp
became indistinct (Fig 4b). The overall area of white pulp was reduced as compared to SAL group. The normal
follicular organization was changed with reduced cell size (Table 1) and density compared to control (Fig 4c, d).
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a

a. Thymus of adult mice
showing divisions in the cortical (CX) and medullary (MD) areas with clear corticomedullary junction (arrow). b.
Thymus of DEX group mice showing reduced cortical area, fatty infiltration (arrow) and indistinct corticomedullary
junction. The density of thymocytes in DEX group mice decreased in both the thymic compartments ie. Cortex (d) and
medulla (f) compared with the corresponding thymic regions in SAL group mice (¢ and e respectively). More
condensed and darkly stained nuclei (arrow heads), indicative of apoptotic cell death are observed in the cortical region
of DEX treated animals (d). Sections are stained with hematoxylin and eosin, original magnification x100 (a, b), x400
(c-f). Bar 50um (a, b), 20um (c-f).
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Fig. 4 Histology of spleen from SAL group (a, ¢, ¢) and DEX group (b, d, f) mice. (a) Spleen of adult mice showing red
pulp (R) and white pulp with well-developed follicles (F) and germinal centers (G). (b) Spleen of DEX group mice
showing less differentiated red and white pulp, reduced white pulp area and disorganized follicular arrangement.
Cellular size and density in white pulp (follicles) area seems to be decreased (d, f) compared to SAL group (c, e).
Sections are stained with hematoxylin and eosin, original magnification x50 (a, b), x500 (c-f). Bar 40um (a, b), 20um
(c-D).
IV. DISCUSSION

Adrenal glucocorticoids (GCs) are one of the most important regulatory hormones in the human body (Vandewalle et
al., 2018). Dexamethasone is a potent synthetic analogue of hydrocortisone which pharmacologically mimics the

effects of adrenal glucocorticoids. Though widely being used in medicine for the treatment of a range of metabolic
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diseases and inflammatory disorders (Munk et al., 1984; Wilckens and DeRijk, 1997; Mandell, 2000), it has also been
associated with generalized adverse effects of immunosuppression and consequent exacerbation of infectious diseases
(Callow & Parker 1969; Ilott et al.1997, Giles et al., 2018). Dexamethasone exerts a profound catabolic effect on
experimental animals and in man. The growth suppressive effects have been reported by many authors in several
species (Silbermann et al., 1976; Allen et al., 1996; Ortoft, 1998). In the present study thymus and spleen showed a
significant decrease in their weight following the dexamethasone treatment for thirty consecutive days. This resulted in
a significant reduction of thymus/body weight and spleen/body weight ratios. Our results are in agreement with the
earlier reports that corticosteroid treatment or stress induced glucocorticoids caused thymus (Cohen, 1992; Maestroni et
al., 1993; Zucker et al., 1994) and spleen involution (Ben Nathan et al., 1995; Haldar et al., 2004). The lymphoid organ
size and weight were presumed by many researchers to reflect changes in organ functions (Rooman et al., 1999;
Biolatti et al., 2005).

Histologically a profound change was observed both in the thymus and spleen due to dexamethasone treatment. Severe
atrophy of the thymic cortex was noted with reduced cellular density. Coticomedullary junction became indistinct
because of depletion of cortical thymocytes in DEX group. These results are in line with the earlier studies denoting
that stress or treatment with corticosteroids may result in thymic involution (Compton et al., 1992; Cohen, 1992; Sun et
al., 1992; Maestroni et al., 1993; Zucker et al., 1994; Tarcic et al., 1998). Few studies have shown spleen involution
(Ben-Nathan et al., 1995) and a significant reduction in splenocyte proliferation after treatment with therapeutic doses
of corticosteroids (Haldar et al., 2004). In the present study zonation between red pulp and white pulp became indistinct
in the spleen of DEX group. The cellular density in the white pulp area became reduced. Since white pulp area is
populated with T- lymphocytes, the reduced density may be caused by the apoptosis of lymphocytes due to
dexamethasone as reported earlier (Burton and Kehrli, 1996; Thompson, 1999). The drastic histological alterations are
also suggestive of the change in organ functions.

In conclusion the findings of the present study indicates that in vivo treatment of mice with dexamethasone affects the
weight and histopathology of main lymphoid organs thymus and spleen. Hence long-term use of dexamethasone may
be a risk factor for the development of immune related disorders.
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