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Abstract: Prolonged use of corticosteroids like dexamethasone reduces immune cells through oxidative stress,
leading to splenic parenchymal changes such as reduced size and relative volume densities of white pulp areas.
Curcumin, an antioxidant found in turmeric, may protect against these effects. This study evaluated the spleen's
parenchymal changes in male rats after dexamethasone and curcumin administration, emphasizing white and red
pulp areas. Twenty-six male Wistar rats (aged two months) were studied. The control group received standard
chow and water (n=6), while experimental groups were administered dexamethasone or dexamethasone with
curcumin (n=20). Dexamethasone was injected daily at 0.6 mg/kg for 14 days, and curcumin was given orally at
200 mg/kg. Rats were sacrificed on days 7 and 14. Spleens were processed and stained using hematoxylin and
eosin, and histo-morphological changes were quantified using Fiji Image J. Dexamethasone administration led to
significantly lower white pulp volumetric density [0.34 vs. 0.26, p=0.002] compared to the controls. The ratio of
white pulp to red pulp volumetric density decreased significantly [0.64 vs. 0.51, p<0.001], with these changes
becoming more pronounced by day 14. The red pulp volumetric density remained relatively unchanged (p=0.256).
Curcumin administration alongside dexamethasone lessened the white pulp damage, with white pulp volumetric
density on day 14 showing no significant difference compared to the control [0.35 vs. 0.34, p=0.887]. Thus,
dexamethasone significantly impacts the spleen's white pulp with minimal effects on the red pulp. Curcumin
mitigates dexamethasone-induced white pulp damage.

Introduction

The spleen is crucial for immune function. It consists of the white pulp (WP), which initiates adaptive immune
responses, and the red pulp (RP), which filters blood and supports immune cell functions [1, 2]. Immuno-
suppression, whether due to infectious agents or pharmacological treatments, can lead to significant alterations in
splenic structure, such as follicular hyperplasia and lymphocyte depletion [3, 4]. Corticosteroids like
dexamethasone are essential for managing inflammation and immune responses in conditions such as COVID-19
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and allergies [5]. However, their prolonged use is associated with adverse effects including osteoporosis,
hyperglycemia, and increased infection risk [5-7]. Understanding these effects becomes particularly important
when corticosteroids are used for non-immunological purposes, such as in treating of certain cancers or
neurological conditions, where their impact on the spleen and overall immune function needs careful
consideration [8, 9].

Dexamethasone, a potent corticosteroid, is commonly used clinically and experimentally to induce
immunosuppression [10]. In rat models, it has been shown to reduce spleen size and weight by inducing
lymphocyte apoptosis and lymphoid organ atrophy. Histological effects include damage to the WP follicular
zones, and fibrinoid accumulation within red pulp areas [11-13]. These changes underscore the need for potential
protective interventions, especially when the drug is used for conditions unrelated to immune system modulation.

Curcumin, the active compound in turmeric, is known for its anti-inflammatory and antioxidant properties [14].
It activates the Nrf2 pathway and downregulates the enzyme cyclooxygenase-2 (COX-2), potentially
counteracting oxidative stress and inflammation that are hallmark features of cellular injury [15-16]. Curcumin
has demonstrated the ability to enhance spleen cell proliferation and improve tissue structure in various models
[17]. It mitigates damage from environmental toxins and supports immune function [18, 19]. However, its effects
on dexamethasone-induced splenic damage remain under-researched. This study aimed to address this gap by
examining curcumin's potential to protect against dexamethasone-induced changes in spleen parenchyma.

Materials and methods

Study design and sample: This was a quasi-experimental study. Albino male adult Wistar rats (age: two months)
were selected as the animal model due to their ease of maintenance, short life cycle, and physiological similarities
to humans, particularly in studies of splenic features and immunosuppression [20, 21]. Male rats were used in this
study due to their higher susceptibility to the effects of glucocorticoids compared to females. Research shows that
male rats respond more strongly to glucocorticoid treatment while female rats may have protective effects from
estrogens and differences in corticosteroid receptor expression [22]. Rats were selected based on their weight
(100 g to 200 g). Sick animals or those outside this range were excluded.

Preparation and administration of dexamethasone and curcumin for administration: Dexamethasone was
prepared by diluting Dexasona (4.0 mg/ml) to a concentration of 0.4 mg/ml in distilled water and administered
intramuscularly at a dosage of 0.6 mg/kg body weight. The dose was chosen based on its recognition as a
therapeutic daily dose in rat models that is known to induce immunosuppression without excessive toxicity. This
dose has been used in previously investigating the immunosuppressive effects of dexamethasone, including its
effects on spleen morphology, which aligns with the aims of the current study. Specifically, a dose of 0.6 mg/kg
body weight has been reported to cause significant immunosuppressive changes, including alterations in the
structural components of the spleen, similar to those observed with other immunosuppressive agents like
medroxyprogesterone acetate (MPA) [23]. Studies have also demonstrated that intramuscular (IM) administration
of dexamethasone effectively induces immunosuppression in rats. For instance, a study evaluating the effects of
dexamethasone on spleen morphology in female rats administered IM doses of 0.6 mg/kg and 3.0 mg/kg for seven
days observed significant reductions in the WP and marginal zones of the spleen, indicating immunosuppressive
activity [23]. In addition, a study comparing IM and intravenous (IVV) administration of dexamethasone in rats
found that IM injection provided rapid absorption with high bioavailability (86.0%), suggesting that IM
administration is an effective route for systemic delivery of dexamethasone [24]. Curcumin, sourced from Webber
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Naturals capsules containing 600 mg of curcumin each, was dissolved in distilled water to achieve a final
concentration of 250 mg/kg body weight. Administering curcumin at a dose of 250 mg/Kkg in rats is supported by
studies demonstrating its efficacy and safety at this level. For instance, research on diabetic rats induced by a
high-fat diet plus streptozotocin administered curcumin at doses of 50, 150, or 250 mg/kg body weight for seven
weeks. The study found that curcumin dose-dependently decreased plasma lipids and glucose, with 150 mg/kg
being adequate to produce a significant effect. However, the 250 mg/kg dose was used to assess the dose-
dependent effects of curcumin [25]. Additionally, a study investigating the pharmacokinetics and
pharmacodynamics of curcumin in rats administered an oral dose of 250 mg/kg body weight. This research
provided insights into the absorption and systemic availability of curcumin at this dosage [26]. The rats were
housed in standard cages, allowed to acclimatize for seven days, and provided with standard chow and water ad
libitum. Dexamethasone was administered 1M to group B at a dose of 0.6 mg/kg body weight daily for 14 days.
Group C received both dexamethasone (0.6 mg/kg) and curcumin (250 mg/kg) daily for 14 days via oral gavage.
The control group (group A) received sham injections while being maintained on standard chow and water. The
14-day duration was selected based on prior studies demonstrating that this period is sufficient to induce
significant immune-suppressive effects on the spleen while balancing the need to observe progressive structural
changes without excessive systemic toxicity [23].

Harvesting and processing of spleen: Following the treatment period, rats were euthanized using halothane in a
well-ventilated room. The spleens were carefully dissected and weighed. Scherle’s method was used to assess
spleen volume, providing an estimate of splenic size based on fluid displacement. The length and width of each
spleen were then measured using digital calipers. The spleens were sectioned into five equal parts, as measured
using a ruler to ensure consistency across samples. These sections were fixed in 10.0% formalin, dehydrated, and
embedded in paraffin blocks. Systematic random sampling was employed to select five ribbon sections from each
block, which were subsequently stained with Hematoxylin and Eosin for microscopic examination, enabling
detailed histological analysis.

Stereological assessment: From each of the slides; three images were captured, from three non-overlapping fields
of view, using a Motic Digital Camera and analyzed with Image J software. To estimate the volumetric densities
of WP and RP in spleen samples, we utilized the Cavalieri principle of point counting [23]. This process began
with sampling five different sections from each rat through simple random sampling. From these sections, we
created five different slides using systematic random sampling of the ribbons, selecting every 3" ribbon and
subsequently every 2" ribbon. Each slide was then examined under a microscope, capturing images at a
magnification of X40. For each slide, three random fields were captured. The selected histological areas were
analyzed following the techniques described previously [24]. It superimposed a 120-point grid on the digital
images displayed on the monitor screen. This grid system, with regularly arranged lines and point probes,
facilitated the estimation of specific tissue densities [23]. The volumetric densities (Vv) of the histological
structures were evaluated without knowledge of the source of the tissue samples. According to stereological
principles, in isotropic tissue, the distribution area of a specific structure, as seen in a two-dimensional section, is
proportional to the volume distribution of that structure [24]. The Vv of the histological components were then
calculated using the formula Vv = Pp/Pt, where Vv represents the volume density, p indicates the tissue
component under consideration (either WP or RP), Pp is the number of test points associated with p, and Pt is the
total number of points in the test system. Finally, the WP: RP ratios were determined by dividing the specific WP
volumetric density by the RP volumetric densities, expressing these results as ratios. Figure 1 below illustrates
the test point system used.
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Figure 1: Test point system used for stereological assessment

Ethical considerations: Approval to conduct the study was obtained from the Biosafety, Animal Use and Ethics
Committee, Faculty of Veterinary Medicine, University of Nairobi (REF: FVM BAUEC/2024/545). Rats were
handled by a qualified animal house technician according to the guidelines provided therein.

Statistical analysis: Stereological data were entered into the SPSS software (27.0, Chicago, Illinois) for analysis.
Body weight change was calculated as the difference between baseline weight (measured at the start of the
experiment) and weight at the respective harvest periods (days 7 and 14). Volumetric densities were reported as
ratios. The data were grouped into: Control and experimental groups (dexamethasone only and dexamethasone
plus curcumin) groups. After confirming that the data was not normally distributed, box plots and histograms
were used and non-parametric tests were used for univariate analysis. Kruskal Wallis H-test was used to compare
the medians of the body weight changes and volumetric densities in the three groups per harvesting period; days
7 and 14. Mann Whitney U test was used to compare the medians in the body weight changes and volumetric
densities between days 7 and 14 per group. A p<0.05 was considered significant at a 95% confidence interval.

Results

During the study period, rats were consistently observed, revealing differences in feeding and social behavior
across groups. Control rats showed active social interactions and maintained normal feeding habits, the latter of
which were reflected in their consistent weight gain throughout the study period. In comparison, the
dexamethasone-only group exhibited significantly reduced food intake, increased social withdrawal, and signs of
distress such as hunched posture, unkempt fur, and shallow breathing. The dexamethasone plus curcumin group
showed decreased feeding and some social withdrawal, but these effects were less severe than in the
dexamethasone-only group. Relative to weights at baseline (start of the study), the dexamethasone-only group
experienced a greater weight change (loss) by day 14 of the study than the control group [-11 g (95% CI -15-7)
Vs 6 g (95% CI 4-6), p= 0.007]. The dexamethasone plus curcumin group, however, had a lower degree of weight
loss compared to the dexamethasone-only group [-1 g (95% CI -4.5-2) vs [-11 g (95% CI -15-7), p= 0.031]. No
significant changes in weight were seen between the control group and the dexamethasone plus curcumin group
(p=0.280).
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Histomorphological changes in spleen parenchyma

The parenchymal architecture in the dexamethasone-only group showed significant atrophy of the WP with
reduced lymphoid follicle size and obliteration of marginal zones. The RP maintained its overall structure with
no apparent differences across the three groups. These degenerative alterations intensified from day 7 to day 14.
Conversely, the dexamethasone plus curcumin group demonstrated a relatively preserved WP structure with only
slight reductions in follicle size and partial maintenance of marginal zones [Figure 2]. Figures 2.1 and 2.4: Well-
organized WP and RP in control rats at days 7 and 14, respectively. Figures 2.2 and 2.5: Marked reduction in
WP size and loss of marginal zones in the dexamethasone-only group at days 7 and 14, respectively. Figures 2.3
and 2.6: Moderately preserved WP and marginal zones in dexamethasone plus curcumin group at days 7 and 14,
respectively.

Figure 2: Histomorphological changes in splenic parenchyma

Figure 2.1: Control: day 7
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Histomorphological changes in the splenic parenchyma. The white pulp (WP) and marginal zone (MZ) are affected in the
dexamethasone-only group, while the red pulp (RP) remains largely unaffected.

Stereological changes

Differences in white pulp volumetric density (WPVD) across groups: Quantitative analysis revealed a significant
reduction in WPVD in the dexamethasone-only group compared to controls at day 7 and day 14. Specifically,
WPVD decreased from 0.33 (IQR 0.14) in controls to 0.26 (IQR 0.11) at day 7 [p=0.002] and from 0.35 (IQR
0.11) to 0.28 (IQR 0.13) at day 14 (p<0.001). In contrast, the dexamethasone plus curcumin group showed an
initial decrease in WPVD at day 7 0.26 (IQR 0.09) followed by a significant increase by day 14 0.34 (IQR 0.11),
approaching values comparable to controls and significantly higher than the dexamethasone-only group (p<0.001)
(Figure 3).

Figure 3: Comparison of white pulp volumetric densities across groups and time points
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Data are median (interquartile range [IQR]). The dexamethasone-only group showed highly significant reduction in WPVD compared
to controls on day 7 and day 14 (p=0.002, p<0.001), respectively. The dexamethasone-curcumin group demonstrated an increase in
WPVD from day 7 to day 14, matching the control group and highly significantly exceeding the dexamethasone-only group (p<0.001)

Differences in red pulp volumetric density (RPVD) across groups: No significant differences in RPVD were
observed among the control and treatment groups across all time points. The RPVD remained relatively stable,
with minor fluctuations that were not significant. For instance, the control group exhibited RPVDs of 0.52 [IQR
0.05] at baseline, 0.53 (IQR 0.13) at day 7, and 0.51 (IQR 0.08) at day 14 (p=0.287). Similar nonsignificant trends
were noted in both treatment groups, indicating that dexamethasone, with or without curcumin, did not markedly
affect the RP volume (Figure 4).
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Figure 4: Comparison of red pulp volumetric densities across groups and time points
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Data are median (interquartile range [IQR]). No significant differences in RPVD were observed among the control and treatment
groups across all time points [p=0.287]. The control group exhibited RPVDs of 0.52 (IQR 0.05) at baseline, 0.53 (IQR 0.13) at day 7,
and 0.51 (IQR 0.08) at day 14. Both treatment groups (dexamethasone and dexamethasone-curcumin) displayed similar
nonsignificant trends, indicating no marked effect on RPVD in response to the treatments

Differences in WPVD to RP ratio across groups: The WPVD ratio exhibited significant alterations corresponding
to the treatments administered. In the dexamethasone-only group, there was a notable reduction in the ratio at
both day 7 0.51 (IQR 0.25) and day 14 0.55 (IQR 0.46) compared to controls, indicating a disproportionate loss
of WP relative to RP (p <0.001). Conversely, the dexamethasone plus curcumin group showed an initial decrease
atday 7 0.48 (IQR 0.23) followed by a significant rebound at day 14 0.59 (IQR 0.25), suggesting recovery towards
normal splenic architecture facilitated by curcumin administration. These findings highlight curcumin's potential
role in preserving and restoring splenic structural balance disrupted by dexamethasone-induced immune-

suppression (Figure 5).

Figure 5: Comparison of white pulp to red pulp ratios across groups and time points
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Data are median [interquartile range [IQR]]. The dexamethasone-only group showed a significant reduction in WPVD compared to
the control group at day 7 and day 14 (p=0.002, p<0.001), respectively. The dexamethasone-curcumin group demonstrated an
increase in WPVD from day 7 to day 14, aligning with the control group and significantly exceeding the dexamethasone-only group at
day 14 (p<0.001)
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Discussion

This study investigates the impact of dexamethasone on spleen morphology and histology, focusing on curcumin’s
potential protective effects. Dexamethasone remarkably reduces splenic weight and affects lymphocyte-rich WP
pulp areas, while curcumin appears to mitigate these changes, preserving splenic structure and function. The
findings align with existing data on glucocorticoid-induced splenic alterations and suggest curcumin may offer a
protective benefit, warranting further exploration of its clinical potential in managing corticosteroid-related
complications. A significant reduction in the size and number of WP areas was noted in the dexamethasone-only
group, in keeping with a previous study [27]. The reduction in WP indicates potential B-cell defects, which aligns
with Mitevska and others [28]. The peri-arteriolar lymphatic sheath (PALS), usually the T cell areas, did not show
any marked reduction in size. This suggests that B-cell areas may be more sensitive to the effects of excess
glucocorticoids than T-cell areas [29, 30]. Previous studies have shown that long-term use of dexamethasone
could affect B-cell transformation by suppressing growth and causing cellular defects [11]. With regard to splenic
T cells, dexamethasone was shown to exert a dose-dependent reduction in general, helper, cytotoxic, and
regulatory T cells, resulting in the reduction of size or complete absence of PALS region [31]. In the present
study, however, no histological differences were observed in the PALS. This could be due to the dose and duration
of dexamethasone which was lower than that required to cause marked T cells changes [32]. Histological analysis
revealed that the structural integrity of the WP was better preserved in the dexamethasone-curcumin group
compared to the dexamethasone-only group. Specifically, the WPVD in the dexamethasone-curcumin group
showed less reduction in comparison to the dexamethasone-only group. These findings are similar to those
obtained by Tarasub et al. [21] who demonstrated that pretreatment of rats with curcumin before cadmium
application prevents changes in the spleen WP. Also, on administration of curcumin in STZ-induced diabetic rats,
observed that the ratio of RP (parenchyma and sinusoids) to WP [immune lymphocytes and macrophages] was
significantly reduced with curcumin administration, suggesting increased immunological function [33]. The
preservation of WP areas in the dexamethasone-curcumin group suggests that curcumin effectively counters the
immunosuppressive and cytotoxic effects of dexamethasone. Curcumin’s protective effects on the WP areas could
be attributed to its enhancement of splenic B and T cell proliferation in in-vitro studies [16, 19], indicating its
potential in maintaining immune function under conditions of corticosteroid-induced immunosuppression.
Curcumin’s mitigative effects on damage of lymphoid areas of the spleen were better seen on day 14, as evidenced
by a larger WPVD compared to day 7, suggesting that the protective effects of curcumin could be time-dependent
[34]. There are conflicting views on the effect of dexamethasone on splenic RP morphometry and density.
Dexamethasone caused the narrowing of cords and the widening of venous sinusoids in the splenic RP of rats,
especially when administered at a maximal therapeutic dosage (30 mg/kg of body weight per day) [28]. The
current study, however, did not find any significant changes in the RP, similar to the previously reported findings
[29]. A possible explanation for this discrepancy lies in the dose-dependent effects of dexamethasone; with higher
doses of dexamethasone increasing ROS production by myeloid cells within the RP causing their apoptosis [35,
36]. Thus, the absence of morphological changes in the splenic RP in the current study could be attributed to the
lower dose of dexamethasone, which may not induce the same level of reactive oxygen species production and
tissue remodeling observed at higher doses. This highlights the importance of considering dosage when evaluating
the histopathological impacts of glucocorticoid therapy.

Conclusion: Dexamethasone significantly impacts the white pulp areas of the spleen, with minimal effect on red
pulp areas. Curcumin attenuates these adverse effects of dexamethasone on white pulp structure.
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