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Abstract

Ceratonia siliqua pods have been extensively utilized in traditional medicine in Algeria
and the Mediterranean region due to their therapeutic properties. The aim of this research was
to assess the in vivo anti-inflammatory efficacy of Ceratonia siliqua L pods and validate their
traditional use through oral administration. Two acute inflammation models and an analgesia
test were employed to evaluate the anti-inflammatory potential of the prepared solution. The
xylene-induced ear edema test demonstrated that the carob solution significantly reduced or
even prevented edema with oral administration. This anti-inflammatory effect was notably
superior to that of common anti-inflammatory drugs like aspirin. Additionally, peritonitis
induced in rats by intraperitoneal injection of A-carrageenan (1%) revealed that oral
administration of the carob solution led to an 83% reduction in leukocyte recruitment in the
peritoneal cavity, a result comparable to the 85% reduction induced by salicylic acid at the same
dose. However, the tail immersion test did not yield significant results due to handling issues,
as the rats were too agitated to tolerate the immersion of their tails in hot water. Consequently,
the findings of this study support the significant anti-inflammatory properties of ceratonia
siligua pods macerated with a hydromethanolic solution, affirming their traditional use in

Algerian medicine.
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Résumé

Les gousses de caroube (Ceratonia siliqua) ont été largement utilisées dans la médecine

traditionnelle en Algérie et dans la région méditerranéenne en raison de leurs propriétés



thérapeutiques. Le but de cette recherche était d’évaluer 1’efficacité anti-inflammatoire
in vivo des gousses de Ceratonia siliqua L et de valider leur utilisation traditionnelle par
administration orale. Deux mod¢les d'inflammation aigué et un test d’analgésie ont été utilisés
pour évaluer le potentiel anti-inflammatoire de 1’extrait préparée. Le test d'cedéme auriculaire
induit par le xylene a démontré que la solution de caroube réduisait de maniere significative
voire empéchait I'eedéme avec une administration orale. Cet effet anti-inflammatoire était
nettement supérieur a celui des médicaments anti-inflammatoires courants comme I'aspirine.
De plus, la péritonite induite chez les rats par injection intrapéritonéale de A-carraghénane (1
%) a révélé que I’administration orale de la solution de caroube entrainait une réduction de 83
% du recrutement des leucocytes dans la cavité péritoneale, un résultat comparable a la
réduction de 85 % induite par I'acide salicylique a laméme dose. Cependant, le test d'immersion
de la queue n'a pas donné de résultats significatifs en raison de problémes de manipulation, les
rats étant trop agités pour tolérer I’immersion de leur queue dans 1'eau chaude. Par conséquent,
les résultats de cette étude soutiennent les importantes propriétés anti-inflammatoires des
gousses de Ceratonia siliqua macérées avec une solution hydrométhanolique, confirmant leur

utilisation traditionnelle dans la médecine algérienne.
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Introduction

The inflammatory response is a crucial system in the body, activated in reaction to
damage, infection, or irritants. When tissues are damaged, immune cells release signaling
molecules, such as cytokines and prostaglandins, which cause blood vessels to widen and
become more permeable. This allows immune cells to reach the affected area, starting the
healing process but also causing typical symptoms like redness, swelling, heat, and pain.

Medication nonsteroidal anti-inflammatory medicines (NSAIDs), works by blocking
enzymes involved in prostaglandin production, in order to effectively control inflammation,
reduce pain and swelling. In more severe cases, corticosteroids are used to suppress the immune
system and alleviate inflammation. However, this medication is not devoid of sid effects which
can be very harmful. In fact, now, several studies are searching for natural products with
therapeutic effects and less more sid effects than pharmacological molecules.

The carob tree and its fruits are rich in bioactive substances known for their anti-
inflammatory and antioxidant properties, such as flavonoids and polyphenols. These substances
have been extensively studied for their potential to alleviate inflammation and promote overall
health by reducing the risk of chronic diseases associated with inflammation. Essentially,
natural sources such as the carob tree offer many ways to fight inflammation through their
beneficial chemicals, whereas medicines attack inflammation directly. These substances can
improve general health and well-being when included in the diet.

The purpose of this study is to evaluate the anti-inflammatory activities of carob fruit using
inflammation models in rats, such as xylene-induced ear edema and carrageenan-induced

peritonitis.
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Inflammatory



1. Inflammatory reactions

Inflammation, whether acute or chronic, is a complex biological response of vascular tissues to
harmful stimuli, such as damaged cells, pathogens, or chemical/physical irritants. Its main purpose
is to serve as a defense mechanism, eliminating the harmful stimuli and initiating tissue healing
(Moubtakir et al., 2024).

Inflammatory processes are commonly observed in various degenerative disorders, including
cancer, rheumatoid arthritis, polymyalgia, rheumatic shoulder, gouty arthritis, asthma, tendonitis,
heart disease, and inflammatory bowel disease (Moubtakir et al., 2024).

The presence of inflammation can be identified through five key manifestations: rubor, which
manifests as redness; calor, which is associated with heightened heat; tumor, which signifies
swelling; dolor, which refers to pain; and functio laesa, which indicates a compromised function
(Zhang, 2022).

2. Types of Inflammatory Responses

Inflammation can be categorized into three distinct types depending on the duration of
the response to the injurious stimulus : acute inflammation, which manifests promptly following
injury and persists for a short period of time; chronic inflammation, which can extend for
months or even years if acute inflammation does not resolve ; and subacute inflammation,
which represents a transitional phase between acute and chronic inflammation lasting from 2 to
6 weeks (Hannoodee, 2020).

2.1. Acute inflammation

Acute inflammation is an immediate, adaptive response triggered by various harmful
stimuli, such as infection and tissue damage. This response, although generally beneficial and
protective against infectious organisms like mycobacterium tuberculosis, protozoa, fungi, and
parasites, can turn harmful if left unregulated, as observed in septic shock. The inflammatory
pathway involves a series of events comprising inducers, sensors, mediators, and effectors
(Hannoodee, 2020).

In the presence of inducers, such as infectious organisms or non-infectious stimuli like
foreign bodies and signals from damaged tissues or necrotic cells, the inflammatory process is
initiated. This initiation then triggers the activation of specialized molecules known as sensors.
These sensors, in turn, stimulate the mediators, which are endogenous chemicals. The mediators

have the ability to induce pain, activate or inhibit the inflammatory process and tissue repair,



as well as activate the effectors, which are the tissues and cells involved in the process.
Depending on the specific type of stimuli, these components can work together to generate a
wide range of pathways in the inflammatory process. The primary objective of this process is
to restore homeostasis, regardless of the underlying cause (Hannoodee, 2020).
2.2. Chronic inflammation

Chronic inflammation arises when the initial stimulus persists or when the resolution
process is disrupted, leading to a condition characterized by mild inflammation. Chronic
inflammatory ailments, such as atherosclerosis, diabetes mellitus, nonalcoholic fatty liver
disease (NAFLD), and autoimmune disorders, are significant contributors to global mortality
.The prevalence of systemic chronic inflammation rises with advancing age . It is characterized
by a persistent low-grade inflammation and can be attributed to various factors, including
chronic infections, lifestyle and environmental factors, lack of physical activity, dysbiosis in
the microbiome, dietary choices, psychological stress, and exposure to toxins (Herrero-Cervera,
2022)
3. The mechanism of the inflammatory process

The trafficking of immune cells to secondary lymphoid organs and their subsequent
infiltration into peripheral tissues are vital processes for immune surveillance and the initiation
of inflammatory reactions. Circulating leukocytes interact with vascular endothelial cells
through specific adhesion molecules, cytokines, and chemoattractants, allowing for their

migration into tissues (figure 01) (Angiari, 2015).

3.1. Vasodilation and Increased Permeability: The dilation of blood vessels promotes an
increase in blood flow to the affected area, leading to redness and elevated heat. The
heightened permeability allows for the passage of plasma proteins and leukocytes into

the tissue, ultimately causing swelling (edema) (Kumar et al., 2017).

3.2. Leukocyte Infiltration: In the immune system's rapid response to injury or infection,
neutrophils take on the role of the first responders. These highly mobile white blood
cells swiftly migrate to the site of injury or infection, sensing the presence of harmful
microbes. Following their lead, macrophages and other leukocytes also migrate to the
affected site, working in tandem to combat the invading pathogens and eliminate any
debris that may hinder the healing process. This orchestrated immune response is

essential in maintaining the body's integrity and ensuring a swift recovery (Kumar et al.,
2017).



3.3. Phagocytosis and Destruction: Through phagocytosis, neutrophils and
macrophages actively participate in engulfing and digesting pathogens and cellular

debris, which is vital for resolving inflammation (Kumar et al., 2017).

3.4. Tissue Repair: As the inflammatory process diminishes, fibroblasts initiate the
synthesis of collagen in order to facilitate the repair of injured tissue. Additionally,
angiogenesis takes place, leading to the formation of fresh blood vessels, which

ultimately reinstates the normal functioning of the affected area (Kumar et al., 2017).
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Figure 1

Key events involved in the inflammatory phase of wound healing. DAMP, damage-associated
molecular patterns; PAMP, pathogen-associated molecular patterns; IL, interleukin; TNF,
tumor necrosis factor (Yuanyuan et Xiang, 2022).

4. Inflammatory Cells & Mediators:

Our physiology is a complex system of cells and mediators that works to protect us
from harm, but occasionally this system can malfunction and cause chronic inflammation. It is
essential to comprehend these processes in order to improve therapy techniques and
treatments. (Figure 02).



4.1. Inflammatory cells

Table 1: the different inflammatory response cells and their functions

Inflammatory cells

role

Super power

Macrophages
(Gordon, 2003)

These versatile cells are like
the cleanup crew of
inflammation. They engulf
and digest debris, pathogens,
and dead cells. Macrophages
also play a crucial role in

tissue repair and remodeling.

Phagocytosis (devouring

invaders like Pac-Man).

Neutrophils
(Nathan, 2006)

The first responders!
Neutrophils rapidly migrate
to the site of injury or
infection. They release
antimicrobial molecules,
such as reactive oxygen
species (ROS) and
antimicrobial peptides, to

combat invaders.

fast arrival and antimicrobial

arsenal.

Lymphocytes
T Cells
(Abbas et Lichtman, 2017)

Central orchestrators of the
immune response. T cells

come in various flavors:

Helper T cells (Th): They
help activate other immune
cells and regulate the
immune system.

Cytotoxic T cells (Tc):
Assassins that directly Kill

infected or abnormal cells.

Regulatory T cells (Treg):
Keep the immune system in

check.

Coordinating the immune

symphony.




B Cells
(Abbas et Lichtman, 2017)

B cells produce antibodies
(immunoglobulins) that
specifically recognize and
neutralize pathogens. When
activated, B cells
differentiate into plasma
cells, which churn out
copious amounts of

antibodies.

Crafting personalized
missiles (antibodies) against

invaders.

Platelets
(Galli et Tsai, 2010)

They promote clotting and
release pro-inflammatory

factors.

a crucial role in stopping
bleeding by forming clots at

the site of injury.

Mast Cells
(Galli et Tsai, 2010)

Stationed in tissues, mast
cells act as sentinels. When
activated by allergens or
injury, they release
histamine, leukotrienes, and
other inflammatory
mediators. This triggers
vasodilation, increased
vascular permeability, and

smooth muscle contraction.

Setting off the alarm bells
(and itching).

4.2. Inflammatory Mediators

Table 2: the different inflammatory response mediators and their functions

Inflammatory Mediators

Role

Super power

Cytokines
(LAbdulkhaleq, 2018)

Signaling proteins that
regulate immune responses.
Examples include
interleukins (ILs),
interferons (IFNs), and

Shouting instructions to
immune cells.



https://pubmed.ncbi.nlm.nih.gov/?term=Abdulkhaleq%20LA%5BAuthor%5D

tumor necrosis factor (TNF).
They can amplify or dampen
inflammation.

Chemokines
(Gencer, 2021)

Think of them as cellular
GPS. Chemokines guide
immune cells to the right
location. They help recruit
neutrophils, monocytes, and
lymphocytes to the inflamed
site.

Navigating immune traffic.

Prostaglandins
(Serhan.et Levy, 2018)

Derived from arachidonic
acid, prostaglandins
(especially PGE2) promote
inflammation, vasodilation,
and pain. Nonsteroidal anti-
inflammatory drugs
(NSAIDs) target these
pathways.

Igniting the fire (and
sometimes
headache).

causing a

Leukotrienes
(Serhan.et Levy, 2018)

Also arachidonic acid
derivatives, leukotrienes
contribute to allergic
reactions, asthma, and
prolonged inflammation.

Making airways constrict

(not great for asthmatics).

Histamine
(Serhan.et Levy, 2018)

Released by mast cells,
histamine causes blood
vessels to dilate and become
leaky. It’s responsible for
the redness and swelling
seen in inflammation.

Turning capillaries into
leaky sieves.

Bradykinin
(Belowska-Bien, 2017)

when released in the local
area, are believed to play a
role in inducing pain,
vasodilation, and heightened
vascular permeability.
Additionally, they are
thought to contribute to the
local upregulation of
prostaglandin synthesis.

Allowing immune cells to
reach the affected area.

Complement System
(Giang, 2018)

It includes C3a and C5a,

which mediate
anaphylatoxins and
chemotaxis.

Pathogens by forming
membrane attack complexes.

Complement Proteins
(Ricklin, 2010)

Enhance immune responses
by tagging invaders for
destruction. They also
participate in opsonization

Coating pathogens like
“Wanted” posters.




and membrane attack
complex formation.
Oxygen- and Nitrogen- These reactive molecules Dual-edged sword—Dboth
Derived Free Radicals (such as superoxide and healing and destructive.
(Ricklin, 2010) nitric oxide) can damage
tissues but also help fight
infections.
Serotonin Not just for mood—it is Tightening blood vessels
(Herr, 2017) involved in blood clotting, and affecting mood
vasoconstriction, and (sometimes simultaneously).
inflammation.

5. Anti-Inflammatory Medications

Anti-inflammatory medications, also recognized as inflammatory inhibitors, are
administered to decrease inflammation in the body. These drugs are capable of easing pain,
swelling, and various symptoms related to inflammatory ailments such as arthritis, autoimmune

diseases, and injuries. (Smith, Johnson et al., 2022)

5.1. Nonsteroidal anti-inflammatory drugs (NSAIDs) : Non-steroidal anti-
inflammatory drugs (NSAIDs), encompassing both conventional non-selective NSAIDs
(Diflunisal ,Etodolac, Fenoprofen, Flurbiprofen, Ibuprofen ,Indomethacin Ketoprofen,
Ketorolac, Mefenamic acid, Meloxicam, Nabumetone, Naproxen, Oxaprozin, Piroxicam,
Sulindac and Tolmetin) and the selective cyclooxygenase (COX)-2 inhibitors
(Celecoxib, , Diclofenac) are extensively employed due to their notable anti-

inflammatory and analgesic properties (Ghlichloo, 2019).

5.1.1. Mechanism of action
As depicted in Figure 2, non-steroidal anti-inflammatory drugs (NSAIDs) function by

obstructing the activity of cyclo-oxygenase (Cox), thereby impeding the production of
prostaglandins from arachidonic acid. Simultaneously, a portion of the arachidonic acid
cascade proceeds along the lipo-oxygenase pathway. Additionally, migration, aggregation, and
the functions of neutrophils and macrophages are also hindered. Two distinct Cox iso-enzymes,
namely Cox-1 and Cox-2, have been identified, with the latter potentially having sub-classes.
Cox-2 is excessively expressed in localized inflammation, and the resulting prostaglandin
synthesis supports the progression of the inflammatory process. Conventional NSAIDs inhibit
both iso-forms, effectively diminishing the inflammatory response, but also compromising

gastric protection and interfering with renal function. To mitigate these adverse effects,



selective Cox-2 inhibitors have been introduced, particularly targeting the gastric complications
(Ziltener, 2010).
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Figure 02: The arachidonic acid cascade (Ziltener, 2010).
5.1.2. Side effects

The gastric mucosa, renal system, cardiovascular system, hepatic system, and
hematologic system are all susceptible to the well-established adverse effects of
NSAIDs (Ghlichloo, 2019).

5.2. Corticosteroids

Corticosteroids, also known as CSs, are a group of steroid hormones that are
synthesized and released by the adrenal glands in response to the adrenocorticotropic
hormone (ACTH) secreted by the pituitary gland. These hormones are under the
regulation of the corticotropin-releasing hormone (CRH) produced by the hypothalamus
(Hodgens, 2023).

Glucocorticoids, a class of medications that closely resemble the naturally
occurring hormone cortisol in humans, exhibit a range of pharmacological properties
such as anti-inflammatory, immunosuppressive, and vasoconstrictive effects ( Arpan,
2020).



5.2.1. Mechanism of action

Glucocorticoids, also known as corticosteroids, exert inhibitory effects on
various immune responses, making them highly effective in managing acute disease
manifestations of inflammatory and autoimmune disorders.

The mechanisms underlying the action of glucocorticoids include their binding
to the glucocorticoid receptor (GR), a ligand-induced transcription factor. The
transcriptional response to glucocorticoids can vary depending on the expression levels
of GR cofactors and the chromatin landscapes present in different cell types.
Additionally, glucocorticoids inhibit the production of prostaglandins and leukotrienes
by inducing the expression of annexin Al through GR-dependent pathways. Annexin
Al, in turn, inhibits the activity of phospholipase A2 (PLA2), which is involved in the
synthesis of these inflammatory mediators. Furthermore, it has been observed that high
levels of cortisol, a type of glucocorticoid, during fear learning can enhance memory
consolidation, potentially affecting the CAL region of the hippocampal formation.
(Chatham et Jordan, 2017)

5.2.2. Side Effects
Prolonged usage can result in various adverse effects, such as the development

of acne, weight gain, bruising, mood disorders like depression, elevated blood pressure,
diabetes, osteoporosis, cataracts, glaucoma, and liver damage. Furthermore, injected
corticosteroids may induce temporary side effects approximately the injection site,
including skin thinning, loss of skin color, and intense pain, commonly referred to as
post-injection flare. Additional symptoms that may manifest include facial flushing,

insomnia, and elevated blood sugar levels. (Grennan et Sheila, 2019)



Chapter 2
Ceratonia siliqua L.



1. The plant of research: Ceratonia siliqua L.

The carob tree, scientifically identified as Ceratonia silique, has a long history of
cultivation in the Mediterranean region spanning thousands of years, the carob tree
is known for its resilience in arid environments, making it a vital resource in regions
with limited water availability (Martins-Lougéo, 2024).

The tree's fruit, known as the carob pod, has served as both a food source and a unit
of weight called the carat, originating from the Greek term *"keration’ meaning "fruit

of the carob tree (Martins-Lougéo, 2024).
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Figure 3:Tree, fruits and seeds of carob (Ceratonia siliqua L.) (Photo taken in Morocco by
Boulli, A : Laboratory EVAR)

Ceratonia siliqgua is a member of the pea family, Fabaceae, and the subfamily
Caesalpinioideae. This classification is based on the tree's morphological and genetic

characteristics.



- Kingdom: Plantae

- Division: Magnoliophyta

- Class: Magnoliopsida

- Order: Fabales

- Family: Fabaceae

- Subfamily: Caesalpinioideae
- Genus: Ceratonia

- Species: C. silique

(Dahmani et Elaouni, 2023)

2. Chemical composition of ceratonia siliqua

Table 03: the chemical composition of carob seeds and their percentage (Fidan,
Stankov et al., 2020).

The chemical composition Percentage

The lipid o Oleic acid (45.0%), linoleic acid
(32.4%), and palmitic acid (16.6%).

The primary tocopherol (vitamin E) y-tocopherol (53.1%).
The sterol fraction [-sitosterol

(74.2%) and stigmasterol.(12.8%)
Protein (25.7%).
Monosaccharides Mannose and galactose.

The galactomannan Swelling properties (30.1 ml per g

@)

sample). and oil-holding capacity (27.9
g/g sample).




polyphenolic content 1.76 mg Gallic acid equivalent/g dry

weight.
flavonoids content 0.30 mg quercetin equivalents/g dry
weight.
Antioxidant potential (copper reduction 15.71 mM Trolox® equivalent/g dry
assay) weight.
Macroelements o Calcium (Ca) and Magnesium

(Mg) are predominant minerals.

3. The pharmacological properties of carob

In Mediterranean folk medicine, carob pods have been traditionally employed for
their protective and preventive properties against digestive, bacterial, and
inflammatory infections. However, it is important to note that while carob pods show
promising properties, further research is necessary to comprehensively comprehend
their effects and potential therapeutic applications. In fact, several studies has already
reported considerable pharmacological properties. (Ben Othmen, 2021)

3.1. Antioxidant Activity: Carob pods possess bioactive compounds that possess
antiradical properties, aiding in the neutralization of detrimental free radicals within the
body. These antioxidants play a significant role in promoting overall health and have
the potential to safeguard against oxidative stress (Ben Othmen, 2021)

3.2. Immunostimulant Effects: The immunostimulant properties of aqueous and
ethanolic extracts derived from carob pods were reported by studies that suggests that
carob pods may have the ability to support and enhance the immune system (Ben
Othmen, 2021)

3.3. Antibacterial Activity: The ethanolic extract of carob pods exhibited
bactericidal activity against a range of bacteria.  Notably, Photobacterium damselae

was found to be sensitive to the extracts of carob pods, while Vibrio harveyi and Vibrio


https://link.springer.com/article/10.1007/s13197-020-04274-z
https://link.springer.com/article/10.1007/s13197-020-04274-z

anguillarum displayed resistance. This highlights the potential of carob pod extracts in
combating bacterial infections (Ben Othmen, 2021)

3.4. Mineral Content: Carob pods are considered a valuable source of essential
minerals such as calcium, magnesium, and iron. These minerals are crucial for

maintaining optimal health and functioning of the body (Ben Othmen, 2021).



Materials and
methods



Materials and methods

1. Materials
1.1. Study animals

This study is conducted on male Wistar albino rats weighing between 210 and 270g, there
animals were purchased were kept to acclimate under laboratory condition for two weeks and
were given standard rodent diet and water ad libitum. The animals were randomly selected for
different experimental groups (5-6 animals /group). All procedures were carried out in

accordance with the European union guidelines for animals experimentation.

Figure 4: Rats in their cages (original 2024 photos).

1.2. Plant material

This study aimed to assess the therapeutic potential of Ceratonia siliqua, popularly
known as carob, by investigating its anti-inflammatory properties. The carob pods were
procured from the Tamanert forest in COLLO,SKIKDA over the period from October to

December, and were stored under optimal conditions, away from moisture and light.



Figure 5: carob pods and carob powder (original 2024 photos).
1.3. Work solutions

The solutions applied in this examination are prepared in the subsequent manner:

- Solution prepare by dilution of the extract

- The peritoneal lavage solution is composed of sterile 0.9% NaCl.

- Pure xylene solution

- Turk solution is concocted by mixing 1 ml of gentian violet with 1 ml of acetic acid, and
then adjusting the volume to 100 ml with distilled water.

- A 1% A-carrageenan solution is formulated in sterile 0.9% NaCl.

- Aspirin

2.  Methods

2.1. Extraction method

The extraction method was performed based on the protocol provided by Laghari (2013),
with slight modifications.

a. Hydroalcoholic extraction (Solid-liquid extraction)

To initiate the maceration process, 200 grams of crushed plant material were placed
in a beaker containing a hydro-alcoholic solution composed of 70% methanol and 30%
distilled water (figure 6 a). The macerate was then left undisturbed in a dark

environment for a period of 72 hours at a temperature of 25°C. Following this, the



extract underwent filtration using a wattman paper filter (figure 6 b) and was
subsequently evaporated in a BUCHI rotary evaporator under reduced pressure,
maintaining a temperature of 45°C (figure 7).

a b

Figure 6: a; carob maceration. b; carob vacuum filtration (original 2024 photos).



Figure 7: Carob evaporation by BUCHI rotary evaporator (Original photos 2024).
2.2 In vivo study of the anti-inflammatory activity of the prepared

solution

In this investigation, we explored the anti-inflammatory properties of Carob through
different experimental inflammation models induced in rats, including Xylene induced ear
edema , the tail immersion test and carrageenan inducing peritonitis.

2.2.1 Ear edema induced by Xylene

The xylene-induced ear edema test is an experimental procedure used in biomedical
research to evaluate the inflammatory response and the efficacy of anti-inflammatory agents.
This test involves applying xylene, a chemical irritant, to the ear of a rat to induce localized
swelling or edema. The degree of swelling is then measured and used to assess the effectiveness
of anti-inflammatory compounds or treatments. For this experiment, the extract of carob was
administered to the rats orally at a dose of 400 mg/kg. This was done one hour prior to the

induction of inflammation. Inflammation was induced by applying 60 pl of pure xylene to both



the inner and outer surfaces of the right and left ears of each rat. The right ear served as the
control for comparison. In this study, 3 groups of 6 rats each were formed as follows:
CONTROL GROUP: the rats receive 60 plof Xylene without add any substance.
TEST GROUP: The rats receive 2ml of solution of Carob by oral route, one hour before the
application of Xylene
REFERENCE GROUP: The rats receive 200mg/kg of Acid salicylic (anti-inflammatory of
reference) by oral route, one hour before the application of Xylene.

The thickness of the rats' right and left ears was measured with a digital caliper (figure
8) before the application of Xylene (t0) and then every 60 minutes for 4 hours (t1, t2, t3, t4)
after the Xylene was applied. An increase in ear thickness served as an indicator of

inflammation.

Figure 8: Ear edema test: force-feeding of a rats Measurement of ear thickness, b: c.
(Original photos 2024).

2.2.2 In vivo study of the analgesic’s activity

This study assessed the pain-relieving effects of Carob using the tail immersion
test in rats, according to the protocol by Arselan (2015). The procedure involved
immersing the end of the rats’ tails (about 2cm) in water heated to 55°C (figure 9). The

initial reaction time (t0) was recorded before any substance was applied, then every 30



minutes for two hours, and once again, three hours after the substances were
administered. 3 groups of 6 rats each were formed as follows:

Witness group: the measurement of latency time occurs before any treatment is given
to the rats.

Group test: a 400mg/kg oral dose of the Carob solution is given one hour before the
first immersion.

Group of reference: Oral administration of 1ml of salicylic acid (200mg/kg) one hour

before the first immersion.

Figure 9: Tail immersion test photos (original 2024 photos).

2.2.3 The induction of peritonitis in rats by carrageenan

The method of including peritonitis in rats is commonly used to simulate inflammation
in the peritoneal cavity. In this study, the protocol described by Prekar (2015) has been used,
injecting 0,2 ml of carrageenan solution into the rat’s peritoneal cavities to induce peritonitis.
Rats were then divided into treatment and control groups to assess Carob’s potential in
including peritoneal inflammation
(+) control group: the rats receive the injection of carrageenan without any other substance
(-) control group: By injection, the rats receive the NaCL 0.9% sterile without any other
substance



Test group: Administration of 2ml of carob solution (400mg/kg) orally one hour before
inducing peritonitis.
Reference group: administration of 2ml of salicylic acid (200mg/kg) orally one hour before
inducing peritonitis.

Waiting four hours before the injection carrageenan the rats were sacrificed by
chloroform asphyxiation. The peritoneal cavity was then promptly opened then we put the
physiological water which collected with a micropipette (figure 10). This sample were stained
with Turk’s solution and counted on a Malassez slid to determine the number of neutrophils
present.

The number or the neutrophils can determine with this law
Nbr=N*F*1000*V
Nbr: the Number of the neutrophils.
N: number of neutrophils per field of view.
F: factor of dilution.

V: volume of fluid aspirated from the peritoneal cavity.

Figure 10: Peritonitis test photos (original photos.2024)

3. Statistical study

The in vivo results are presented as an arithmetic mean (M) of the n values obtained *
mean deviation (SEM) [M + SEM], n=6. The Student's T-test is used to assess the significance
of the effects of the different substances tested in vivo and the differences are considered
significant for p<0.05: (*), p<0.01: (**)
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Results and discussion
1. Results

This study assessed the anti-inflammatory properties of Carob plant extract and validates
its efficacy as a potential therapeutic treatment. The evaluation of Carob extract involves three
distinct methods: the induction of ear edema using Xylene, the in vivo examination of analgesic
activity through immersion of rats' tails, and the induction of peritonitis in rats using A-

carrageenan.

1.1. The effects of Carob in ear edema induced by Xylene

Redness, heat, swelling, and pain are the characteristic symptoms of acute
inflammation induced by Xylene. To quantify xylene-induced cutaneous inflammation,
measuring edema is an effective approach. The thickness of each rat's ear is assessed
using a digital caliper. Initially, the ear thickness in the positive control group is
approximately 0.4 mm. Following the application of xylene, the ear edema reaches its
peak at approximately 0.65 £ 0.68mm after one hour. The swelling slightly increases,
reaching 0.68 + 0.7 mm after two hours. Subsequently, the edema begins to decrease,
measuring 0.60 = 0.63mm by the third hour.

The rats treated with Carob exhibited a slight elevation in ear swelling, which
eventually subsided to its baseline of 0.4 mm. The efficacy of Carob in inhibiting edema

progression closely mirrored that of salicylic acid.
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Figure 11: Evolution of ear thickness following the appearance of xylene-induced edema After
oral application of the solution of Ceratonia siliqua L pods as a function of time, the results are
presented on average +SEM for n=6;**: p<0.01;*: p<0.05 compared to Control +.

1.2. The effect of Carob on A- carrageenan-induced peritonitis

This study investigates the potential anti-inflammatory effects of Carob extract in a rat
model of acute inflammation induced by A-carrageenan. The leukocyte counts in the peritoneal
cavity were measured four hours post-induction. In the negative control group, which received
an intraperitoneal injection of sterile 0.9% NaCl, the leukocyte count in the peritoneal lavage
fluid remained low, not exceeding 2 x 10 6+ 0.4 leukocytes per rat (figurel4). In contrast, the
positive control group showed a significantly higher number of neutrophils in the peritoneal
fluid, approximately 89 x10° neutrophils. Oral administration of Carob solution resulted in a
significant reduction in peritonitis development in rats, with 15 x 10+ 0.5 leukocytes (p<0.01)
(figure 12). Moreover, the number of neutrophils in the peritoneal cavity of these treated rats
decreased by approximately 83% (figure 12), indicating the high efficacy of Carob extract,
which exhibited a similar level of effectiveness as Aspirin, the reference anti-inflammatory

agent used at the same dose, showing an 85% inhibition.



count x1Q¢ -
& 8 &

(o))
o

=

o

©40

)

>

(3]

220 * ¥ * %
0 + I . . - . -

control - control + carob aspirin

Figure 12: Effect of Ceratonia siliqua pods extract on the number of leukocytes
recruited in the peritoneal cavity after the injection of 0.2ml of 1% A carrageenan in rats
treated with 400mg/kg of Carob extract orally .the histogram represent the mean + SEM
for n=6 ;**: p<0.01 to Control+.

1.3. Evaluation of the activity analgesic of the Carob solution

To evaluate the analgesic properties of Carob, the tail immersion test was conducted. In
this test, the tails of rats were submerged in hot water, leading to an immediate withdrawal
reflex. The time taken for this reflex to occur was measured for each rat. However, the results
obtained from this experiment were inconclusive (figure 13). None of the substances tested,
including the standard anti-inflammatories, exhibited a significant reduction in the rats' reaction
time to the hot water stimulus. These findings suggest that the experimental conditions may
have influenced the outcomes obtained.
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Figure 13: Analgesic effect of ceratonia siliqua L pods by oral administration following
the tail immersion test. The results are presented as mean +SEM for n= 6.



2. Discussion

The present study was devoted to the evaluation of anti-inflammatory and the analgesic
activities of Ceratonia siliqua, a medicinal plant traditionally used in Algeria. To do this, we
used experimental in vivo models of inflammation, Xylene-induced ear edema, carrageennan-
induced peritonitis and the Tail flick test. The results unveiled the remarkable potential of
Ceratonia silique plant. The carob displayed an impressive efficacy, surpassing the
effectiveness of the anti-inflammatory drugs referenced in the study.

2.1. Effect of ceratonia silique L on A-carrageenan-induced peritonitis

The study aimed to evaluate the anti-inflammatory activity of the solution of the
hydromethanolic extract of a Ceratonia silique L pods, a remedy commonly used in traditional
Algerian medicine. Peritonitis was induced in rats through carrageenan injection to create a
model of acute inflammation, a standard technique employed to assess the anti-inflammatory
effects of various substances and molecules. A- Carrageenan, a sulfur polysaccharide, is
involved in the initiation of the inflammatory response through the participation of various
mediators. This process occurs in two phases, with the initial phase occurring within 0 to 2.5
hours after injection. This phase is characterized by the action of mediators like histamine,
serotonin, and bradykinin on vascular permeability. Later stages occur as a consequence of
excessive prostaglandin synthesis in tissues, facilitated by cyclooxygenase. This process can
persist for more than 5 hours following the administration of carrageenan (SENE, 2016). Our
analysis of the results demonstrates that the Ceratonia silique extract displays anti-
inflammatory effects that endure for the entire duration of the 4-hour test. This phenomenon
could be attributed to the presence of phenolic compounds, such as tannins, and terpenoids,
which may potentially exhibit antagonistic properties against histamine, serotonin, bradykinins,
and the biosynthesis of PG (Nour Yahfoufi 2018). Consequently, a disruption occurs in the
series of events in the waterfall of inflammatory mediators, leading to a decline in leukocyte
recruitment at the affected area (Atta 1998). As a result, only a minimal number of leukocytes
were recovered from the peritoneal cavity of rats treated with carob oral administration.

Additionally, the potency of the carob surpassed that of the anti-inflammatory reference.
2.2. Effect of Ceratonia silique L pods on xylene-induced ear edema

The presence of classic symptoms, such as redness, heat, swelling, and pain,
characterizes acute inflammation. These very symptoms are also observed in cases of
xylene-induced ear edema. Upon the application of xylene, the rats' ears exhibit a
reddish hue and undergo swelling. As a result, the measurement of edema proves to be

an excellent means of quantifying skin inflammation.



Xylene-induced ear edema is a commonly employed technique for investigating
the inflammatory process. The application of xylene locally triggers a rapid
inflammatory response, which is characterized by the dilation of blood vessels,
infiltration of polynuclear leukocytes into the tissues, elevation of IL-1[ levels, the
development of edema, and an increase in the activity of myeloperoxidase and PLA2
(Ravelo-Calzado, et al., 2011).

The enzymatic action of Phospholipase A2 (PLA2) leads to the hydrolysis of
membrane phospholipids into arachidonic acid (AA), which serves as a precursor for
the synthesis of prostaglandins (PG) and leukotrienes (LT), marking the initial stage of
the inflammatory response (José C. Zanini Jr. 1992). The anti-inflammatory effects of
Ceratonia silique pods, whether administered orally, may be linked to its abundance of
phenolic compounds. The effect observed can be attributed, at least in part, to the high
concentration of tannins found in Ceratonia siliqua pods. These tannins are believed to
play a crucial role in combating inflammation by either preventing or reducing the
manifestations of the inflammatory process. Their mechanism of action operates at
different levels (Nour Yahfoufi in 2018). The anti-inflammatory properties of Gallic
acid and its derivatives have been attributed to their ability to influence the synthesis
and/or production of inflammatory mediators such as TNF-o and IL-6 (Nour Yahfoufi
2018). Additionally, tannins have been shown to effectively inhibit PLA2, an enzyme
involved in the inhibition of PG and LT (Kim 2012). Moreover, the decline in ear edema
could be a result of the presence of antioxidant compounds such as anthocyanin. It is
worth noting that the reactive oxygen species produced by phagocytic cells in response
to inflammation and during AA metabolism may also trigger the activation of PLA2
(Athina Geronikaki 2007).

Our study results indicate that ceratonia siliqua pods is abundant in compounds
that possess robust anti-inflammatory properties, along with therapeutic and preventive
effects. This is supported by its capacity to hinder inflammation and markedly diminish
the incidence of ear edema, outperforming the standard pharmaceutical treatments

utilized.



2.3. Analgesic effect of ceratonia siliqua L pods

The test involving the immersion of the rat's tail in hot water did not yield
significant results under our current working conditions. However, previous findings
obtained using the same experimental approach demonstrated a highly significant
analgesic effect of the carob pods. This discrepancy may be attributed to the working
conditions, which could have potentially induced stress and agitation in the rats, despite
their immediate tail response upon immersion in the hot water container. Additionally,
similar outcomes were observed when employing reference anti-inflammatory drugs,
despite the utilization of a specialized device to maintain the rats in a stable position and
facilitate tail release during immersion. It is imperative to reevaluate and improve the

working conditions to ensure their sustainability and justify the continuation of this test.



Conclusion and Prospects

The primary objective of this study was to evaluate the anti-inflammatory effects of
Ceratonia siliqgua L, a plant commonly used in Algeria for its therapeutic attributes.
Experimental inflammation models, such as peritonitis induced by A-carrageenan and xylene-
induced ear edema, were implemented in rats. Additionally, tail immersion tests were
conducted to analyze the analgesic properties of the carob pods.

The findings derived from this investigation enable us to ascribe a remarkably potent
anti-inflammatory impact to Ceratonia siliqua pods, which is equally efficacious, if not more
so, compared to the standard anti-inflammatory agents. In fact, the extract of carob
hydromethanolic maceration, leads to a substantial decrease in edema, and in some cases, even
complete inhibition. It is worth noting that the carob solution, when administered orally,
exhibited a great inhibition of induced peritonitis in rats. However, the tail immersion test did
not yield conclusive results due to purely experimental reasons. The high concentration of
phenolic compounds and tannins in Ceratonia silique pods is highly likely to be responsible for
the observed properties. These findings serve as an initial step in investigating the anti-
inflammatory effects ceratonia silique pods. In order to fully elucidate and delve into the
activities proposed by the outcomes of this study, it is imperative to conduct supplementary and
more detailed tests. It would be of great interest to undertake research efforts to ascertain the

active constituents and unravel their mechanisms of action.
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