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Published regularly: NPs on rats’ colons, livers, and spleens. The experimental design was
31-May-2025 completely randomized, comprising one control group and three treatment

groups (n=6). The treatment groups were exposed to NPs concentrations of 1,
2, and 4 pL/kg, administered orally for 35 days. Tissue samples from the colon,
liver, and spleen were collected, processed, and stained with H&E. Findings in
the colon indicated an increase in submucosal and muscular thickness and a
reduction in crypt length with higher NPs concentrations. In the liver, higher
NPs concentrations resulted in a decrease in the percentage of normal and
oedematous hepatocytes, along with an increase in necrotic hepatocytes,
Kupffer cells, and the diameters of the portal and central veins. The spleen
showed enlargement in the white pulp and germinal centre diameters, and
increased thickness in the periarterial lymphoid sheath (PALS) and marginal
zone. This study highlights the critical need to reduce NPs pollution to mitigate
potential health risks.
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INTRODUCTION

Plastic is a polymer compound widely used by humans to simplify various tasks. According to
Indonesia's Ministry of Environment and Forestry, the country's waste production in 2022 reached
18,893,843.32 tons per year, with plastic waste accounting for 18,764 tons or 18.2%, making it the second
most prevalent type of waste after food waste. Although not the largest contributor, plastic waste is
challenging to decompose and requires a long degradation period, necessitating specialized treatment
(Kibria et al., 2023). Commonly used plastics include polyethylene (PE), polypropylene, polystyrene
(PS), and terephthalate (Clarinsa and Sutoyo, 2021). Among these, polystyrene stands out, with an
annual usage exceeding 23 million tons (Lithner ef al., 2011). Polystyrene is considered hazardous due
to its high surface area, allowing it to easily penetrate cell membranes and potentially disrupt cell
functions (Phuong et al., 2016; Hayati et al., 2022a).

Over time, plastic degrades into microplastic particles, which can further break down into NPs
under prolonged ultraviolet exposure (Hayati, 2022b). Microplastics vary in size, ranging from 1-5 mm
(large) to smaller particles (<1 mm), while NPs measure less than 0.1 pm (Tankovic et al., 2015). NPs can
enter the body via three primary pathways: inhalation (e.g., from paint), dermal absorption (e.g., from
cosmetics), and ingestion (e.g., through food and drink). Once accumulated, these particles can induce
oxidative stress (Hayati et al., 2024; Triwahyudi et al., 2023), a condition marked by increased oxidants
or Reactive Oxygen Species (ROS) and reduced antioxidants (Pizzino et al., 2017; Hayati, 2022b). Excess
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ROS can damage cell membranes, disrupting metabolic and bodily functions. NPs significantly impact
organs such as the liver, spleen, and colon. Ingested particles can penetrate the colonic barrier and
spread to other tissues, as seen in studies where NPs were detected in the stomach, colon, and liver of
rodents (Soepriandono et al., 2025).

The colon plays a critical role in water and electrolyte absorption, vitamin production and
absorption, and fecal formation (Giri ef al., 2021). The liver, essential for metabolism, detoxification, and
conjugation, is highly susceptible to damage (Yin et al., 2022). Meanwhile, the spleen, located in the
upper left abdomen, is vital for immune function as it produces white blood cells, including
lymphocytes (Lewis et al., 2019).

Damage caused by NPs to cell membranes in these organs disrupts their stability, leading to
metabolic irregularities and changes in osmotic pressure. Such instability can result in cell swelling,
abnormalities, or death. Despite the significant health risks posed by NPs, research on their effects,
particularly in Indonesia, remains limited. Therefore, studying the impact of NPs exposure on organ
histology, specifically in the colon, liver, and spleen using rat models, is essential to better understand
their adverse effects.

MATERIALS AND METHODS

The study used 24 male Wistar rats (Rattus norvegicus L.), aged 6-8 weeks and weighing 100-
150 grams. The NPs solution (Sigma Aldrich NIST1963A) had a particle size of 100 nm. Three treatment
doses were prepared: Treatment 1-3 (P1-P3) used 1, 2, and 4 puL kg. Each treatment group received 0.5
mL of solution. For example, in P1, 0.5 mL consisted of 0.001 mL NPs and 0.499 mL distilled water,
resulting in a stock solution of 17.5 mL for 35 days (0.035 mL NPs mixed with 17.465 mL distilled water).
The same method was applied for P2 and P3, adjusting the NP doses accordingly.

Rats were acclimated for two weeks in laboratory conditions, provided with pellets and
distilled water ad libitum, and housed in plastic containers lined with wood husks. NPs solutions (0.5
mL) were administered orally for 35 days between 15:00 and 17:00 WIB. On the 36th day, rats were
anesthetized using chloroform, dissected, and their colon, liver, and spleen were extracted. These
organs were preserved in a neutral buffer formalin (NBF) fixative solution within urine containers.

The organs (colon, liver, and spleen) were prepared using the paraffin method. The process
began with fixation in NBF solution, followed by washing and cutting the tissues placed into
embedding cassettes and soaked in running water overnight. The tissues underwent dehydration,
clearing, infiltration, and embedding in paraffin blocks. Sectioning was performed using a microtome
to create slices approximately 4 um thick, which were floated on a 40°C water bath and mounted on
glass slides coated with Mayer’s albumin, then incubated overnight. Staining was performed using
Hematoxylin and Eosin dyes, followed by mounting with Entellan adhesive between the slide and cover
glass. The prepared histological slides of the colon, liver, and spleen were observed under a binocular
light microscope equipped with an Optilab camera. Liver samples were analyzed to evaluate
hepatocytes (normal, edematous, necrotizing), Kupffer cells, and the diameters of the portal and central
veins using a calibrated micrometer. Colon samples were examined to measure submucosa thickness,
muscularis thickness, and crypt length using Optilab Viewer 4 software. Spleen samples were analyzed
using a microscope to measure the white pulp diameter, germinal center diameter, PALS thickness, and
marginal zone thickness.

Statistical analysis was performed using IBM SPSS version 25. Normality was assessed with the
One-Sample Kolmogorov-Smirnov test (a > 0.05). Normally distributed data were analyzed using One-
Way ANOVA with a significance level of 0.05, followed by Duncan’s Post Hoc test to identify
differences between groups. Non-normally distributed data were analyzed using the Kruskal-Wallis
test with a significance level of 0.05, followed by the Mann-Whitney U test for pairwise comparisons.

RESULTS

The colon's histological parameters analyzed included the width of the muscularis, the width
of the submucosa, and the length of the crypts. Observations revealed that as the concentration of NPs
increased, both the muscularis and submucosa widths expanded, as indicated by the upward trend in
the graph (Figures 1 and 2). Conversely, the crypt length exhibited a decreasing trend with higher NPs
concentrations. The average values for each parameter are presented in Table 1.
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Table 1. Observation parameter of histology on the colon of the rat

Parameter Treatment Group with NPs
0 pl/kg 1 pl/kg 2 pl/kg 4 pL/kg
Submucosal Width (um) 30.94 £ 0.352 45.01 £0.78b 52.81 £0.50¢ 77.77 +0.384
Muscular Width (um) 91.81 +1.32a 146.06 + 0.66P 17459 +0.77¢  205.16 +0.884
Crypt Length (um) 283.79+0.70¢  22731+0.58c  21848+1.65>  207.08 £0.472

Notes: Different superscript letters behind the numbers in the same row indicate significant differences (P<0.05).

Figure 1. Histopathology of submucosa and muscularis of rat colon at various concentrations of NPs. K = Sterile
distilled water, P1 =1 pL/kg NPs, P2 =2 puL/kg NPs, P3 = 4 uL/kg NPs. Blue arrow: hemorrhage, green arrow:
muscularis, yellow arrow: submucosa, red arrow: crypts.

Figure 2. Histopathology of rat colon crypts at various concentrations of NPs. K = Sterile distilled water, P1 =1
uL/kg NPs, P2 = 2 uL./kg NPs, P3 = 4 nL/kg NPs. Yellow arrow: hemorrhage, white arrow: leukocyte infiltration.

The liver histology analysis included parameters such as the number of normal hepatocytes,
edema, necrosis, Kupffer cells, and the diameters of the portal and central veins. The number of normal
hepatocytes decreased with increasing doses of NPs. Edema showed an initial increase at a dose of 1.0
nL NPs/kg but decreased with higher doses. In contrast, necrosis and Kupffer cells increased with
higher NPs doses. The portal and central vein diameters displayed the greatest dilation at a dose of 1.0
uL NPs/kg. Detailed average values for these parameters are provided in Table 2.
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Table 2. Observation results and parameter calculations on liver histology

Parameters Treatments Group with NPs
0 pl/kg 1 pl/kg 2 pl/kg 4 pL/kg
Normal Hepatocytes (%) 84.84 £1.22 63.45 £2.63b 52.52 +2.87¢ 47.85 +1.674
Edema Hepatocytes (%) 2.97 £0.242 19.14 +1.52b 17.57 +1.68¢ 8.85 £1.38¢
Hepatocytes Necrosis (%) 12.18 +1.22a 17.04 +2.00b 29.91 +2.72¢ 43.31 £2.314
Kupffer Cells (number) 1218 £1.232 42 £1.57b 64 £ 4.82¢ 104 + 6.62¢
Portal Vein Diameter (um) 1218 £1.24a 69.94 £3.15a 7443 £2.44b 13244 £5.62¢
Central Vein Diameter (um) 12.18 +1.252 51.49 + 4.242b 58.04 + 5.81b 76.64 +7.48¢

Notes: Different superscript letters behind the numbers in the same row indicate significant differences (P<0.05).

Figure 3. H1stopatholog1ca1 analls of rat liver given dlfferent NPs concentrations. K = Sterile distilled water, P1
=1uL/kg NPs, P2 =2 pL./kg NPs, P3 = 4 uL/kg NPs. Green arrow: normal hepatocytes, yellow arrow:
hepatocytes with edema, red arrow: necrotic hepatocytes, blue arrow: Kupffer cells.

Figure 4. Histopathological examination of the portal vein in the rat liver given various concentrations of NPs. K
= Sterile distilled water, P1 =1 pL/kg NPs, P2 =2 pL./kg NPs, P3 = 4 pL/kg NPs. Black arrow: portal vein.

Evaluation showed that the diameter of the white pulp, germinal center, PALS thickness, and
marginal zone thickness increased progressively with higher doses of NPs (Figure 6). The smallest
values for all parameters were observed in the control group, while a dose of 1 uL/kg NPs resulted in
a noticeable increase. This upward trend persisted with escalating doses, with the highest
measurements recorded at 4 uL./kg NPs. Detailed data for these changes are presented in Table 3.

Table 3. Observation results and parameter calculations on spleen histology

Parameters Treatments Group with NPs
0uL/kg 1pL/kg 2L /kg 4 pL /kg
Normal Hepatocytes (%) 635.74 £3.93a 752.95 +2.400 833.56 +£3.12¢ 1015.20 + 6.184
Edema Hepatocytes (%) 125.02 +£3.512 162.42 +2.67° 193.70 +3.27¢ 222.07 +£3.02d
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Hepatocytes Necrosis (%) 64.56 +3.132 74.53 +1.65b 81.48 +1.47¢ 86.77 +1.584
Kupffer Cells (number) 55.48 £1.732 63.87 £1.70b 68.53 £ 0.90¢ 75.02 £1.214d

Notes: Different superscript letters behind the numbers in the same row indicate significant differences (P<0.05).

Figure 6. Histopathological examination of the rat spleen given different NPs concentrations. K = Sterile distilled

water, P1 =1 pL/kg NPs, P2 =2 uL.,/kg NPs, P3 = 4 uL./kg NPs. The yellow circular line indicates the border of

the white pulp and marginal zone, the blue circular line marks the PALS, and the green circular line outlines the
germinal centre.

DISCUSSION

Plastic is a polymer made up of repeating monomers that form chains. In this study,
polystyrene, a synthetic plastic known for its high surface area and ability to easily penetrate cell
membranes, was used. These characteristics can disrupt cell function (Liu et al., 2016; Phuong ef al.,
2016). Plastic waste can degrade into smaller particles such as microplastics (<1 mm) and NPs (<0.1 pm)
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through physical, chemical, and biological processes (Kwak & An, 2021; Tankovic et al., 2015). Due to
their small size, NPs particles possess a large surface area and high ability to absorb contaminants,
resulting in increased toxicity (Liu et al., 2016; Joksimovic et al., 2022). When NPs enter the body via
endocytosis, they can increase the production of Reactive Oxygen Species (ROS). The accumulation of
ROS and the distribution of NPs through blood vessels can lead to oxidative stress, which damages
cellular structures, affecting body functions and metabolism.

Exposure to NPs showed significant histopathological effects on the rat colon in a dose-
dependent manner, with obvious structural changes in the colon tissue layers. Based on the quantitative
data in Table 1, increasing the dose of NPs led to an increase in the thickness of the submucosa and
muscularis layers, as well as a decrease in the length of the colonic crypts, indicating an inflammatory
response and tissue damage. This increase in the thickness of the submucosa and muscularis layers may
reflect the occurrence of oedema, cell proliferation, and inflammation as the body's reaction to toxic
stressors. These findings are in line with the study of Lim et al. (2021), which reported that NPs can
activate inflammatory pathways and increase the formation of pro-inflammatory cytokines, which play
a role in gastrointestinal tissue thickening. In Figure 1, the colon tissue structure of the control group
(K) looks normal and regular, but in groups P1 to P3 exposed to NPs, there was obvious thickening in
the submucosa (yellow arrow) and muscularis (green arrow) layers, accompanied by haemorrhagic
areas (blue arrow). The higher the dose of NPs administered, the more pronounced these changes were,
reflecting chronic inflammation. This is consistent with the results shown in Table 1, which showed a
significant dose-response relationship in the thickness of the tissue layer.

Figure 2 shows significant changes in the structure of the colonic crypts. In the control group
(K), the colonic crypts showed a regular and elongated shape, with little leukocyte infiltration.
However, in groups P1 to P3, the crypts were degenerated, with a reduction in length and increased
leukocyte infiltration (white arrows), as well as haemorrhage (yellow arrows). This apparent decrease
in crypt length, which is consistent with the quantitative data in Table 1, indicates impaired
differentiation and proliferation of epithelial cells, which is indicative of impaired homeostasis of the
intestinal epithelium. These findings support the study by Yong et al. (2020), which revealed that NPs
exposure can interfere with intestinal epithelial regeneration through increased oxidative stress and
disruption of the Wnt/B-catenin pathway, which is essential for crypt differentiation and regeneration.

Leukocyte infiltration also indicates the activation of the local immune system in response to
tissue damage, where immune cells move to the damaged area. Although this is part of the body's
defense response, in chronic exposure, it can worsen tissue damage, as stated by Jin et al. (2022), who
stated that the accumulation of NPs in colonic tissue can stimulate the expression of TNF-a and IL-6,
exacerbating local inflammation. Detected tissue bleeding (haemorrhage) is also an indicator of blood
vessel damage, which may be caused by oxidative stress or extracellular matrix degradation. As
reported by Wu et al. (2019), NPs can damage tight junctions between epithelial cells, increasing
abnormal intestinal permeability and allowing fluid and blood cell leakage into the tissue. Overall, the
combination of evidence from microscopic observations (Figures 1 and 2) and quantitative results (Table
1) suggests that polystyrene NPs exposure causes damage to colonic tissue structure in a dose-
responsive manner, with the main mechanisms involved being inflammatory activation, oxidative
stress, immune cell infiltration, and impaired epithelial regeneration. This indicates the potential risk of
NPs toxicity to the gastrointestinal system, especially in chronic or cumulative exposure. NPs particles
that enter through the digestive system can be absorbed by the intestine and spread to various organs
through the bloodstream. Their small size and hydrophobic surface allow NPs to penetrate the colonic
mucosa, the innermost layer of the colon. To enter cells, NPs bind proteins during digestion, forming a
protein corona that facilitates internalization (Jiang et al., 2010; Walkey and Warren, 2012). The colonic
mucosa, which is exposed to bacteria, food antigens, and toxic substances such as NPs, is the first layer
to be affected. This layer consists of the epithelium, lamina propria, and muscularis mucosa
(Eroschenko, 2012). In the lamina propria, densely packed crypts contain epithelial cells that play a role
in mucus production and stem cells for tissue regeneration. Accumulation of NPs induces inflammation
by increasing ROS production, which activates oxidative stress. This oxidative stress triggers the NF-xB
signaling pathway, releasing pro-inflammatory cytokines that can lead to crypt epithelial cell death and
crypt shortening. The submucosa, located between the mucosa and muscularis, is rich in immune cells
and blood vessels. Exposure to NPs, especially at a dose of 4 uL. NP/kg, resulted in significant
submucosal edema. NPs cause vasodilation, increase endothelial permeability, and release
inflammatory mediators such as cytokines and histamine. These mediators increase the leakage of fluid
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and blood cells into the submucosal tissue, leading to oedema (Ismaya, 2017). The muscularis layer,
which consists of smooth muscle, can be damaged by NPs exposure, triggering mitochondrial
responses, ROS production, and oxidative stress. This long-term stress increases the release of
inflammatory mediators that affect smooth muscle contractility and potentially cause hyperplasia or
hypertrophy (Chen et al., 2017). Thus, exposure to NPs at high doses can worsen the structure and
function of colonic tissue, increase inflammation, and affect epithelial homeostasis, as well as worsen
gastrointestinal tissue damage.

Microscopic observations of liver tissue of mice (Mus musculus) exposed to various doses of
NPs showed significant and dose-responsive structural changes. In the control group (K), the liver tissue
showed normal lobular architecture, with hepatocytes arranged radially around the central vein. The
cell nucleus appeared round, the cytoplasm was homogeneous, and there were no vacuolization or
degenerative signs (Figure 3). This normal liver structure is consistent with previous reports showing
that hepatocytes are arranged trabecular pattern with intact cellular integrity and a moderate number
of Kupffer cells (Guyton & Hall, 2019). However, in the treatment groups (P1-P3), there were significant
morphological changes. Quantitatively (Table 2), the proportion of normal hepatocytes decreased
drastically from 84.84 + 1.20% in the control group to 47.85 + 1.67% at the highest dose (P3). This
decrease was accompanied by an increase in oedematous hepatocytes (from 2.97 + 0.24% to 8.85 +1.38%)
and necrosis (from 12.18 * 1.22% to 43.31 + 2.31%). Oedematous hepatocytes were characterized by
cytoplasmic vacuolization and cell swelling, while necrotic cells showed nuclear pyknosis,
karyorrhexis, and karyolitic, indicating a severe degenerative process (Singh et al., 2019). The increase
in the number of activated Kupffer cells was also significant, from 12.18 + 1.23 to 104 + 6.62 in the P3
group. Kupffer cells, which are liver macrophages, play a role in phagocytosis of foreign particles and
the production of proinflammatory cytokines (such as IL-6 and TNF-a) in response to oxidative stress
and inflammation (Park & Park 2019). The increase in the number of Kupffer cells reflects the activation
of the innate immune system due to exposure to nanoparticles that cannot be phagocytosed efficiently
(Fadeel & Garcia, 2010)

Figures 4 and 5 show significant dilation of the portal vein and central vein diameters. The
portal vein diameter increased from 12.18 + 1.24 um to 132.44 + 5.62 pm, while the central vein widened
from 12.18 £ 1.25 pm to 76.64 £ 7.48 pum. This dilation is interpreted as a manifestation of vascular
congestion and impaired intrahepatic blood flow that often occurs in acute inflammatory conditions or
toxicant exposure (Reddy & Rao, 2006). A study by Lu et al. (2016) also showed that NPs can disrupt
microvasculature homeostasis, activate vascular endothelium, increase permeability, and cause tissue
oedema (Lu ef al., 2016)

The liver contains hepatocytes that make up about 60% of the organ parenchyma (Williams et
al., 2002). Normal hepatocytes maintain intact cell membranes and nuclei. Oedematous hepatocytes,
which are swollen with fluid, are an indication of impending necrosis. Oedema is a sign of
inflammation, a defensive response aimed at tissue repair (Silbernagl and Florian, 2013). Hepatocyte
necrosis, which is characterized by the dissolution and shrinkage of cell membranes, causes cell death
(Luedde et al., 2014). In this study, the decrease in normal hepatocytes and the increase in necrotic
hepatocytes with increasing NP exposure are in line with the findings of Sayed et al. (2024), who
reported similar effects on tilapia liver due to exposure to plastic particles. The decrease in oedematous
hepatocytes in the high-dose group coincided with an increase in necrotic hepatocytes, with higher NP
exposure accelerating necrosis (Sayed et al, 2024). Kupffer cells play an important role in clearing toxins
and pathogens from the liver. As the concentration of NPs increased, the number of Kupffer cells also
increased, which correlated with a higher proportion of necrotic hepatocytes. This is consistent with
Kolios' (2006) study, which showed that Kupffer cells are activated by necrotic hepatocytes, which
contribute to the liver's immune response to infection or injury (Han and Ulevitch, 2005). The portal
vein, which carries blood to the liver, has a larger diameter than the central vein that carries blood out.
The smaller vein diameter in the 1 pL/kg group correlated with a higher proportion of oedematous
hepatocytes, which pushed the vein lumen and reduced its size. In contrast, the larger diameters of the
portal vein and central vein in the 2 pL and 4 pL/kg groups corresponded to increased necrosis, where
smaller necrotic hepatocytes did not compress the surrounding blood vessels. These findings support
the work of Masyuk et al. (2003), who noted that the portal vein, with its thin wall and low pressure, is
more susceptible to expansion from the surrounding tissue (Masyuk et al., 2003). Therefore, the NPs-
induced inflammatory response appears to cause venous dilation as necrotic cells spread from the portal
to the central vein area (Makiyah and Khumaisah, 2018). Overall, NPs exposure caused obvious
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structural changes in the liver tissue of mice, which were dose-responsive. Increased numbers of
edematous and necrotic hepatocytes, accompanied by increased Kupffer cell activation and blood vessel
dilation, illustrate the damage mechanisms associated with inflammation and vascular disruption.
These findings indicate the potential toxicity of NPs to the liver, which may disrupt organ function and
increase the risk of further damage at high dose exposure.

The spleen, as a secondary lymphoid organ, has an important function in antigen filtration and
adaptive immune response. Figure 6 and Table 3 show that NPs exposure also significantly affected the
histological structure of the mouse spleen. In the control group, the white and red pulp structures were
clearly visible, with compact periarteriolar lymphoid sheath (PALS) areas and germinal centres and
well-defined boundaries. However, in the treatment group, there were progressive changes in the
architecture of the lymphoid tissue, especially in the P3 group, which showed disorganization of the
white pulp, enlargement of the germinal centre, and loss of the boundary between the white and red
pulp (Figure 6d). The number of normal hepatocytes increased from 635.74 + 5.93 to 1015.20 + 6.18,
which can be interpreted as the proliferation of immune cells, especially lymphocytes and macrophages.
This increase often occurs in systemic inflammatory conditions or immune hyperactivation triggered
by exposure to foreign particles (Barillet et al., 2010). The increase in cell oedema (from 125.02 + 3.51 to
222.07 £ 3.02) and necrosis (from 64.56 + 3.13 to 86.77 + 1.58) indicated oxidative stress and cell death
due to intracellular redox imbalance, which has been reported as one of the main mechanisms of NPs
toxicity in lymphoid tissues (Poma et al., 2019).

The number of Kupffer-like cells in the spleen was also increased (from 55.48 + 1.73 to 70.52 £
2.11). Although typical Kupffer cells are found in the liver, the presence of tissue macrophages in the
spleen showing similar morphology suggests increased phagocytic activity to eliminate cellular debris
and foreign particles. This excessive activation may aggravate local inflammation and disrupt lymphoid
tissue homeostasis (Sun et al., 2022).

Nanoplastics can enter the body via the bloodstream and accumulate in the spleen, where they
initiate an immune response. This process begins with oxidative stress caused by the formation of free
radicals or ROS from NPs. Acting as antigen signals, NPs trigger an inflammatory response and increase
the proliferation of immune cells. This reaction is regulated by signalling pathways, including nuclear
factor-kappa B (NF-kB) and mitogen-activated protein kinase (MAPK), which control the production of
inflammatory mediators. NF-kB, a key regulator of innate immunity, links cellular danger signals to
antigen signals provided by NPs (Serhan et al., 2010). The spleen plays a critical role in initiating immune
responses, including responding to infections and removing antigens and cell debris from the blood
(Mebius & Kraal, 2005; Bronte & Pittet, 2013).

The spleen consists of white pulp and red pulp, with this study focusing on the white pulp. The
white pulp includes the marginal zone, germinal centres, and the periarteriolar lymphoid sheath
(PALS), which is the T cell zone. The germinal centre is where B lymphocytes are generated, while the
marginal zone contains various immune cells such as marginal zone B cells, macrophages, and dendritic
cells. These B cells are able to respond rapidly to antigens by producing antibodies (Borges da Silva et
al., 2022). NP exposure causes an enlargement of the white pulp diameter, which is associated with the
proliferation and differentiation of B cells and the expansion of germinal centres. This requires the
involvement of CD4+ T cells, which are activated by dendritic cells that transport antigens to B cells,
thus enhancing immune defence through antibody production. NP, which acts as an antigen signal, is
specifically recognized by B and T cells, which trigger hyperplasia in the spleen. This results in an
increase in the diameter of the white pulp and germinal centres. In addition, NP delivered to the PALS
via antigen-presenting cells (APCs) is processed by T cells, activating them, and stimulating their
proliferation and differentiation. This cytokine-driven response results in increased thickness of the
PALS and marginal zone. CD4+ T cells in the PALS may also aid in the activation of B cells in the
germinal center, where activated B cells differentiate into plasma cells that produce specific antibodies
(Darwin et al., 2021).

CONCLUSION

The variation in NPs concentrations significantly impacts the histological structure of the colon,
liver, and spleen of rats. In the colon, this is evidenced by increased thickness in the submucosa and
muscularis layers, as well as a reduction in crypt length. In the liver, variations in NPs concentration
affect the percentage of normal and oedematous hepatocytes, with a notable increase in necrotizing
hepatocytes, the number of Kupffer cells, and the diameter of both the portal and central veins. In the
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spleen, the different concentrations of NPs lead to an enlargement of the white pulp and germinal center
diameters, as well as increased thickness in PALS and the marginal zone.
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