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ABSTRACT

Carrageenan is a sulfated polysaccharide obtained from red seaweed (Rhodophyceae) and can trigger inflammatory
activation in both humans and laboratory animals. This study aimed to investigate the expression of cyclooxygenase-
2 (COX-2), cyclooxygenase-1 (COX-1), and interleukin-6 (IL-6) and the number of inflammatory cells (neutrophil)
involved in a carrageenan-induced acute inflammatory model in the back skin of mice. Paraffin blocks from the back
skin of female Swiss mice aged 8 weeks were used in this study. The back-skins of 4 groups of 5 mice in each group
were subcutaneously injected with 1%, 2%, and 4% carrageenan powder in 0.9% buffer saline and 0.9% buffer
saline as control. Skin samples on paraffin blocks were taken 6 hours after carrageenan injection. Furthermore,
paraffin blocks were stained with hematoxylin-eosin (HE) to count the number of inflammatory cells.
Immunohistochemistry staining using anti-COX-2, COX-1, and IL-6 antibodies was performed to determine the role
of inflammatory mediators. The results showed that the number of inflammatory cells (neutrophils) increased
significantly following an increase in carrageenan concentrations. The COX-2, COX-1, and IL-6 expressed by
inflammatory cells increased significantly at carrageenan concentrations of 1% to 4%. Histopathological features
supported the results obtained from the calculation of the number of inflammatory cells and the expression of COX-
2, COX-1, and IL-6. The inflammatory markers consisting of COX-2, COX-1, and IL-6 were expressed on the back
skin of mice at 6 hours post-injection with 1% to 4% carrageenan. It can be concluded that carrageenan can be used
for an acute inflammatory model of the back skin of a mouse. This inflammation model is intended to facilitate the
evaluation or measurement of therapeutic and inflammatory responses when test substances are administered
topically or transdermal.
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INTRODUCTION

The development of inflammatory models in experimental animals has been widely carried out to know the release of
inflammatory mediators at the inflammation site and determine antiinflammatory activity and efficacy (Fehrenbacher et
al., 2012). Previous studies have reported various models to test inflammatory activity using a variety of chemicals and
physical agents as inductors (Widyarini et al., 2001; Wei et al., 2016; Wu et al., 2017). Both chemicals and physical
agents have been reported to be used in skin and colonic inflammation models in experimental animals (Widyarini et al.,
2001; Huang et al., 2014; Wei et al., 2016; Wu et al., 2017). Chemical inductors for inflammatory models are formalin,
kaolin, yeast, dextran, croton oil, carrageenan (Fehrenbacher et al., 2012), a combination of oxazolone and carrageenan
(Wu et al., 2016), and a combination of 2,4,6-trinitrobenzene sulfonic acid (TNBS) and carrageenan (Wei et al., 2016).

One of the ingredients that are widely used for the activation of inflammatory pathways is carrageenan. Carrageenan
is a sulfated polysaccharide obtained from red seaweed named Rhodophycae (Necas and Bartosikova, 2013) and has been
widely used as a thickener, stabilizer, and communizing agent in the processing of dairy and cosmetic products (Pereira et
al., 2018; Shafie et al., 2022; Kot et al., 2023). Carrageenan has been reported by some researchers as a model for
inflammatory research in guinea pigs, rats, and mice (Fehrenbacher et al., 2012; Necas and Bartosikova, 2013). In addition,
carrageenan is not only used for inflammatory models but has also been reported to trigger the occurrence of colorectal
tumors in the Apc M mice and colitis in C57BL/6J mice (Bhattacharyya et al., 2017; Shang et al., 2017; Wang et al.,
2023).

Subcutaneous injection of carrageenan causes local inflammation characterized by inflammatory signs, namely
tumor, color, dolor, rubor, and function laesa (Fehrenbacher et al., 2012). Furthermore, carrageenan injection as a model
of paw edema showed macroscopic changes in the form of erythema, swelling, and hyperalgesia (Ben Khedir et al, 2016;
Szekalska et al., 2020). Carrageenan injection on the paws of the mice also showed microscopic images in the form of
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acute edema, expanded epidermal thickness, vasculitis, and invasion of immune cells within the epidermis and dermis
(Szekalska et al., 2020; Vysakh et al., 2020).

Inflammatory models with carrageenan as an irritant are used to trigger transient inflammation (acute inflammatory
model, Fehrenbacher et al., 2012). Furthermore, carrageenan, as an acute inflammatory model, can be used to observe
inflammation that occurs in animal models and as a method to monitor the inflammatory response due to the
administration of antiinflammatory drugs in experimental animals. Carrageenan injection induces inflammation through
a biphasic phase. In the vascular phase, proinflammatory cytokines such as TNF-a, IL-6, and IL-B are involved from the
first hour after injection, while prostaglandins play an important role in the cellular phase(second phase), which occurs in
the 3-5th hour post injection (Reanmongkol et al., 2009). The mediators mentioned above are responsible for erythema,
edema, and pain at the injection site.

Previous studies have stated that more than 400 studies have reported that carrageenan is widely used as a model
for inflammatory evaluation of mouse paw edema (Posadas et al., 2004; Suralkar et al., 2008; Fehrenbacher et al., 2012).
Evaluation of acute inflammatory models using the back skin of mice has been widely practiced but not by using
carrageenan as an inducer (Widyarini et al., 2001; Widyarini et al., 2006; D'Orazio et al., 2013; Kim, 2016). It has been
reported that inflammatory models with subcutaneous injection of carrageenan (1-4%) on the back skin of mice result in
maximum inflammatory response obtained at a concentration of 4% (Widyarini et al., 2023). The acute inflammatory
model using the back skin of mice is expected to facilitate treatment and its evaluation or measurement of inflammatory
responses when the test material is administered topically or transcutaneous. Moreover, topical application of the
antiinflammatory test material will be easier if carrageenin is injected subcutaneously into the back skin of the mouse
than if it is injected into the mouse paw. This study aimed to determine the role of inflammatory mediators in the acute
inflammatory process of the back skin of mice triggered by carrageenan. Observations were made by microscopic
examination of hematoxylin-eosin (HE) and immunostaining to calculate the number of inflammatory cells and the
expression of COX-2, COX-1, and IL-6 in the back skin tissue of mice at 6 hours after injection of carrageenan.

MATERIALS AND METHODS

Ethical approval
This research has received research ethics feasibility from the Research Ethics Commission of the Faculty of
Veterinary Medicine, University Gadjah Mada, Indonesia (Number: 024/EC-FKH/Addn./2022).

Study period and location

This study was conducted in January 2022 at the Department of Pathology, Faculty of Veterinary Medicine,
University Gadjah Mada, Yogyakarta, Indonesia, and Pathology Laboratory of Prof Dr. Sardjito Hospital, Yogyakarta,
Indonesia.

Experimental designs

Paraffin blocks were derived from a previous study (Widyarini et al., 2023). Twenty (20) female Swiss mice aged 8
weeks with an average weight of 30 grams were divided into four groups of five. Mice were purchased from the
Integrated Laboratory for Research and Testing, University Gadjah Mada, Indonesia. All animals except the control
group were received subcutaneously (SC injection), in the back area with 0.1 mL Z-carrageenan in 0.9% buffer saline
(Sigma Chemical Co, USA), with concentrations of 1%, 2%, and 4%. The control group was only injected
subcutaneously with 0.9% buffered saline. At six hours post-injection with carrageenan, all animals were euthanized by
cervical dislocation technique. Subsequently, the skin in the injection area is excised for 1 cm? and then fixed in 10%
buffer formalin for tissue processing and making paraffin blocks at the Department of Pathology, Faculty of Veterinary
Medicine, University Gadjah Mada, Indonesia. Other materials used in this study were microtome for paraffin block
cutting (Olympus, Japan), poly-L-lysine-coated slides (Sigma Chemical. Co., USA), and a set of tools for tissue staining
with hematoxylin-eosin (HE, Leica Biosystem, USA), as well as anti-COX-2, COX-1 and IL-6 antibodies (Biocare
Medical, USA).

Histopathological preparations

Histopathological preparations were carried out according to the standards of the Pathology Laboratory of the
Faculty of Veterinary Medicine, University Gadjah Mada Indonesia. Paraffin blocks containing samples (back of mouse
skin) were cut to a thickness of 5 um using a microtome, then placed in a water bath and glued to a glass object. Next,
the slides were soaked in xylol I and xylol Il solutions each for ten minutes and then placed in alcohol (absolute I,
absolute 11, alcohol 90%, alcohol 80%, and alcohol 70%) for five minutes each. The slides were then soaked in
hematoxylin for ten minutes and rinsed under running tap water for 15 minutes. Subsequently, the slides were immersed
in eosin for three to five minutes. After that, the slides were placed into alcohol series (70%, 90%, 100% of absolute
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alcohol | and absolute alcohol 11), once for one minute, then the slides were placed into xylol for five minutes, mounted
with mounting medium DPX (Merck, Germany), and covered with a deck glass.

Immunohistochemistry staining

The preparation of immunohistopathological examinations was carried out according to the standards of the
Pathology Laboratory of Prof. Dr. Sardjito Hospital Indonesia. Paraffin blocks containing samples (back-skin mice) were
cut to 5 pm thick using a microtome, placed on a water bath, and affixed to a glass object overlaid with poly-L-lysine
(Sigma Chemical. Co., USA). Next, the slides were immersed in a solution of xylol I and xylol Il for ten minutes each
and then placed into alcohol series (absolute I, absolute 11, absolute 111, alcohol 90%, alcohol 80%, and alcohol 70%) for
five minutes each. Then, slides were immersed in 0.3% H202 in methanol for 30 min and washed with pH PBS. 7.2,
three times in 5 minutes. Rabbit polyclonal antibodies to COX-2, COX-1, and IL-6 (Biocare Medical, USA) diluted
1:200 was dripped to 100 pl to cover the tissue area to be stained and incubated at room temperature for an hour. After
incubation, the slides were washed with PBS three times for 5 min and then incubated with secondary antibodies (Starr
Trek Universal HRP Detection System, Biocare Medical, USA) for one hour at room temperature. After washing, slides
were incubated with DAB for two minutes at room temperature and then washed under running water. Counterstains
were performed by using HE for 10 seconds, followed by washing with running water. In the final stage, slides were
immersed in alcohol series (90% alcohol, absolute I, absolute 11) once for one minute. Then, the slides were placed into
xylol for five minutes, mounted using DPX mounting media (Merck, Germany), and covered with a deck glass.

Statistical analysis

Observations of the number of inflammatory cells were carried out using a binocular light microscope (Olympus
CX-23, Japan) with a magnification of 200x. Inflammatory cells in the dermis and subcutaneous areas were calculated
from five fields of view using Image Raster 3.7. The average number of inflammatory cells in the treatment group with
different percentages of carrageenan was then analyzed using One Way Anova and followed by the Tukey-HSD Test
(SPSS Statistics version 26, USA). The p-value less than 0.05 was considered statistically significant. The location of
COX-2, COX-1, and IL-6 expression was observed, and the number of inflammatory cells that expressed COX-2, COX-
1, and IL-6 was also calculated.

RESULTS

Histopathological examination and inflammatory cell count

Histopathological examination was carried out by taking a skin sample six hours after carrageenan injection for
examination under a microscope with hematoxylin-eosin staining. The histopathological pictures show that the group
injected with carrageenan at the level of 1-4% showed changes in the dermis and subcutaneous areas. The changes are in
the form of edema in the dermis area accompanied by infiltration of inflammatory cells that are increasingly visible
along with the increase of the carrageenan concentration (Figure 1), which were in accordance with research conducted
by Widyarini et al. (2023). The results of histopathological observation by HE staining in this study showed main
changes in the form of edema and inflammatory cell infiltration in the dermis and subcutaneous area (Figure 1). In
addition, the results of calculating the number of inflammatory cells in the dorsal skin of mice injected with 1-4%
carrageenan can be presented in Figure 2. Figure 2 shows that in normal skin or untreated mice, there were also
inflammatory cells were found only in mouse skin. Injections of 1% and 2% carrageenan showed no significant
difference in inflammatory cell counts (p > 0.05). However, injecting 4% carrageenan into the back skin of mice
increased the number of inflammatory cells more than the injection of 1% and 2% carrageenan (p < 0.05). Hence, the
higher concentration of carrageenin (4%) resulted in more severe tissue damage, and more inflammatory cells were
found.

Cyclooxygenase-2, Cyclooxygenase-1 and Interleukin-6

Immunohistochemistry analysis of the back skin of mice injected with 1-4% carrageenan showed an increase in
COX-2, COX-1, and IL-6 expression compared with the dorsal skin group without carrageenan treatment (Figures 3, 4,
5, 6, 7, and 8). Expression is characterized by the presence of brown staining in skin epithelial cells and inflammatory
cells. The results of this study only calculated the expression of COX-2, COX-1, and IL-6 by inflammatory cells found
in the dermis and subcutaneous areas. COX-2 expression on the back skin of mice after injection with carrageenan can
be seen in Figure 3. In Figure 3A (normal back skin), no COX-2 expression was found. COX-2 expression was found in
the dermis of the group that was given 1% and 2% carrageenin. Interestingly, the injection of carrageenin 4% showed
COX-2 expression not only in the dermis area but also in the subcutis area. Figure 4 shows the average number of
inflammatory cells expressing COX-2. The number of inflammatory cells expressing COX-2 increased along with the
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increase in carrageenin concentration (p < 0.05). Injection of 4% carrageenin showed COX-2 expression in more
inflammatory cells (approximately 30%) than those given 1% and 2% carrageenin (p < 0.05).

Figure 5 shows the expression of COX-1 on the back skin of mice injected with carrageenan. COX-1 expression is
found in normal skin (Figure 5A). There is an increase in COX-1 expression in inflammatory cells of approximately
60%, compared to expression in normal skin (p < 0.05, Figure 6). However, there was no significant difference in COX-
1 expression in the 1-4% carrageenin group. IL-6 expression in inflammatory cells and the number of IL-6-expressing
cells can be seen in Figures 7 and 8. Normal skin does not express IL-6. On the other hand, IL-6 expression increased in
the dermis area after 1-4% carrageenin injection (Figure 7). The number of inflammatory cells expressing IL-6 increased
in line with the increase in carrageenin concentration (Figure 8). Injection of carrageenin 1%, 2%, and 4% significantly
increased the number of inflammatory cells expressing 1L-6 with an optimal concentration of 4%.
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Figure 1. Microphotography of back-skin mice post-injection of 1-4% carrageenan. A: Mouse skin without carrageenan
treatment. B, C, and D: Mouse skin with carrageenan treatment at 1-4%. Area’s infiltration inflammatory cells of dermal (B,
C; black arrow) and areas infiltration inflammatory cells (neutrophile) of dermal and subcutaneous edema (D; black arrow). HE
staining, 200X magnification.
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Figure 2. The average number of inflammatory cells (neutrophils) in the back skin of mice injected with 1-4%
carrageenan. KN: Untreated mice skin. KN+1%, KN+2%, and KN+4%: Mice skin with carrageenan treatment 1-4%,
respectively.
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Figure 3. Microphotography expression of COX-2 in the back skin of mice post injection of 1-4% carrageenan. A:
Mouse skin without carrageenan treatment. B, C, and D: Mouse skin with carrageenan treatment at 1-4%. COX-2

expression was found in the dermal area (B, C, and D; black arrow) and in the right corner box-subcutaneous area (D; black arrow).
Anti-COX-2 antibody staining, 200x magnification.
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Figure 4. The average number of inflammatory cells in the back skin of mice injected with 1-4% carrageenan expressing
COX-2. KN: Untreated mice skin. KN+1%, KN+2%, and KN+4%: Mice skin with carrageenan treatment 1-4%.
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Flgure 5. Mlcrophotography of back-skln mice post injection of 1-4% carrageenan. A: Mouse skin without carrageenan
treatment. B, C, and D: Mouse skin with carrageenan treatment at 1-4%. COX-1 expression was found in the dermis area
(black arrow). Anti-COX-1 antibody staining, 200x magnification.
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Figure 6. The average number of inflammatory cells in the back skin of mice injected with 1-4% carrageenan expressing
COX-1. KN: Untreated mice skin. KN+1%, KN+2%, and KN+4%: Mice skin with carrageenan treatment 1-4%.
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Flgure 7. Mlcrophotography of back-skin mice bost |nject|0n of 1-4% carrageenan A: Mouse skin W|thout carrageenan
treatment. B, C, and D: Mouse skin with carrageenan treatment at 1-4%. IL-6 expression was found in the dermis area
(black arrow). Anti-1L-6 antibody staining, 200x magnification.
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Figure 8. The average number of inflammatory cells in the back skin of mice injected with 1-4% carrageenan expressing
IL-6. KN: Untreated mice skin. KN+1%, KN+2%, and KN+4%: Mice skin with carrageenan treatment 1-4%.

DISCUSSION

A previous study by Widyarini et al. (2023) demonstrated that injection with carrageenan concentrations of 1% and 2%
produced histopathological changes in the form of mild and moderate inflammation, which were observed as infiltration
of inflammatory cells in the dermis accompanied by edema in the dermis. Furthermore, severe dorsal skin inflammation
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of mice was observed in the 4% carrageenan injected group, demonstrating histopathological features in the form of
inflammatory cell infiltration in the dermis. Carrageenan can increase vascular permeability and result in edema (Zhang
et al., 2022) and panniculus accompanied by edema (Widyarini et al., 2023). A similar histopathological picture is shown
in Figure 1.

Figure 1 shows that the higher the concentration of carrageenan results in more severe skin tissue damage. The
studies performed by Szekalska et al. (2020) and Vysakh et al. (2020) reported the injection of carrageenan into the paws
of mice showed microscopic features in the form of acute edema, increased epidermal thickness, vasculitis, swelling, and
infiltration of inflammatory cells in the epidermis and dermis. Injection of different concentrations of carrageenan (1% to
4%) into the dorsal skin of mice revealed microscopic changes in the form of edema and infiltration of inflammatory
cells into the dermis and panniculus of varying severity but no microscopic features of hyperemia or vasculitis were
found (Figure 1). This is thought to be because the sampling of the back skin of mice in this study was carried out at the
sixth hour after carrageenan injection where the effect of carrageenan in the vascular phase has passed, so hyperemia and
vasculitis are not found on microscopic examination, as it has been reported by previous studies (Reanmongkol et al.,
2009; Ben Khedir et al., 2016; Szekalska et al., 2020).

Previous studies have only reported an association between carrageenan injection on the paws of the mouse (paw
edema model) and histopathological images of inflammatory responses (Zhang et al., 2013; Felhi et al., 2017). In this
study, quantification of the number of inflammatory cells was performed. The results showed that carrageenan injection
at concentrations increasing from 1% to 4% increased the average number of inflammatory cells (Figure 2). Increasing
concentrations of carrageenan result in an increased accumulation of inflammatory cells as a result of tissue damage
following carrageenan exposure. The increased carrageenan concentrations in this study were consistent with the
increased mean inflammatory cell counts (Figure 2) and the histopathological features of edema formation (Figure 1).
The results of this study are also consistent with previous studies indicating that some inflammatory cells and edema
were observed in the paw tissue of rats after carrageenan injection (Zhang et al., 2013).

Interleukins, such as IL-1, IL-6, IL-12, tumor TNF, interferon, cyclooxygenase, and inducible nitric oxide synthase,
are released during the inflammatory process. These cytokines play important roles in the initiation and amplification of
inflammatory responses (Calixto et al., 2004). It has been reported that carrageenan injections can trigger acute
inflammation due to the influence of various inflammatory mediators (Necas and Bartosikova, 2013). Histamine and
serotonin release immediately after induction and decrease after two hours, followed by the release of bradykinin and
prostaglandins, and persists in the third hour until the fifth hour after induction (Calixto et al., 2004; Halici et al., 2007).
The release of the abovementioned inflammatory mediators affected the increase in the number of inflammatory cells
and the expression of inflammatory mediators such as COX-2, COX-1, and IL-6, as well as the histopathological picture
in the form of edema in this study.

Injection of 1% carrageenan increased COX-2 expression after 3 hours, according to research conducted by
Carvalho et al. (2022). This study demonstrated that carrageenan injection with increased concentrations is in line with
the increased expression of COX-2, COX-1, and IL-6 in inflammatory cells. Injection of 4% carrageenan showed a
greater number of inflammatory cells expressing COX-2 compared to 1% and 2% carrageenan injections (Figure 4), and
this corresponds to the high intensity of COX-2 found in Figure 3D (in the dermal and subcutaneous areas). It is reported
that paw edema increased in accordance with the increase in carrageenin concentration (Silva et al., 2010). An increase
in inflammatory cells expressing COX-2 after injection of 1-4% carrageenan might be related to the formation of edema
and pain around inflammation. A study by Carvalho et al. (2022) reported that neutrophil-derived COX-2 plays an
important role in inflammatory pain mediation.

In this study, COX-1 expression is found in the dermis area of normal skin and skin injected with carrageenan.
Carrageenan injection at a concentration of 1%-4% increased COX-1 expression by approximately 60% compared to
normal skin but did not differ significantly between concentration groups (Figures 5 and 6). COX-1 expressed in the
untreated back skin indicates the homeostatic phase prior to inflammatory skin conditions, as previously mentioned by
Carvalho et al. (2022).

IL6 is a cytokine that is expressed by cells under stressful conditions such as inflammation, infection, and cancer
(Choy and Rose-John, 2017). Carrageenan injection (4%) showed an increase in IL-6 expression in the back skin of mice
compared to the carrageenan concentrations of 1% and 2%. IL-6 expression was found in inflammatory cells in the
dermal area (Figures 7 and 8). When compared to the expression of COX-2 and COX-1, IL-6 expression appeared to be
lower in this study. This is likely due to IL-6 being involved at the beginning of the inflammatory phase, so there is less
visible expression in skin tissue compared to COX-2 and COX-1 expressions. In the initial inflammatory phase, the 1L-6
concentration increased within 1.5 hours and continued to increase in the next 4 hours after carrageenan injection (Chou,
2003). Increased concentrations of IL-6 facilitate the recruitment of leukocytes and mediate the formation of edema and
pain, which are involved in the inflammatory response (Annamalai and Thangam, 2017). In this study, skin samples of
the back of mice were taken 6 hours after carrageenan injection in accordance with previous studies (Widyarini et al.,
2023). Six hours after injection, carrageenan initiates a cellular phase that will lead to the withdrawal of inflammatory
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cells toward the edematous area (Reanmongkol et al., 2009), corresponding to the results of inflammatory cell counts,
COX -2 and COX-1 expression in this study.

The results of this study show that an increase in carrageenan concentration affects the number of inflammatory
cells and the expression of COX-1, COX-2, and IL-6 in dorsal skin mice. Histopathological appearance of the skin due to
subcutaneous injection of carrageenan at various concentrations supports the result of inflammatory cell count and the
expressions of COX-1, COX-2, and IL-6. Thus, the back skin of mice could be used for carrageenin-induced acute
inflammation models. Moreover, the back skin area is quite easy and stable to measure and/or evaluate inflammatory
responses when the test material is topically applied.

CONCLUSION

Carrageenan injections in the back skin of mice showed significantly different amounts of inflammatory cells at
concentrations of 1%-4. Expression of inflammatory mediators was seen in the dermis and subcutaneous areas, where
COX-2 expression was indicated at the highest level compared to COX-1 and IL-6. Carrageenan induces inflammation
in back skin mice and can be used as a model of acute inflammation for evaluating testing material that will be given
topically. The results of this study suggest using carrageenin 2% to 4% as an acute skin inflammatory inducer based on
its activity in causing tissue damage, the number of inflammatory cells in the exposure area, and the expression of
inflammatory mediators COX-2, COX-1, and IL-6.
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