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Abstract 

Aims: This study aimed to comparatively evaluate the immunomodulatory, antioxidant, and anti-inflammatory properties of 
two Algerian date (Phoenix dactylifera L.) varieties: Degla and Homayra. 
Methods: Acute toxicity was assessed using the up-and-down method. The immunomodulatory effect was evaluated via the 
carbon clearance test in mice. Antioxidant activity was measured by quantifying hepatic glutathione (GSH) levels. Anti-
inflammatory activity was determined using the formalin-induced paw edema model. 
Results: Both date varieties showed no signs of toxicity or mortality at 2000 mg/kg. Significant enhancement of phagocytic 
activity was observed in treated mice (P = 0.011). The carbon elimination speed was considerably increased at 100 mg/kg for 
Degla (0.0733±0.031) and at 150 mg/kg for Homayra (0.076±0.019) compared to the NaCl control (0.029±0.012). 
Antioxidant activity, indicated by GSH levels, was highest at 100 mg/kg (Degla) and 150 mg/kg (Homayra) (P = 0.000). 
Notable anti-inflammatory effects were demonstrated by a significant reduction in paw edema after one week of treatment (P 
= 0.000). 
Conclusion: The findings indicate that the Degla and Homayra varieties of Phoenix dactylifera exhibit notable 
immunostimulant, free radical–scavenging, and inflammation-reducing activities, highlighting their potential as candidates 
for the formulation of natural therapeutic remedies. 

Keywords: inflammation, GSH, Immune-modulatory, date fruit, Toxicity. 

                                                 
* Corresponding author. e-mail: h.kehili@centre-univ-mila.dz  . 

1. Introduction 

Since ancient times, people have utilized plants as 
medicine, and this practice continues now. Originally, 
plants with therapeutic properties were discovered by trial 
and error, whether for the purpose of curing ailments or 
just feeling better. Through generations, the application of 
these herbs has been refined to the point where it is today 
recognized as traditional medicine in numerous 
circumstances (Salmerón-Manzano et al., 2020). By acting 
as immunomodulatory agents and modifying the immune 
system, medicinal plants have a significant impact on 
preventing a variety of diseases and harmful microbes in 
humans. Plant-based immunomodulatory agents, low-
molecular-weight substances like terpenes, phenols, 
alkaloids, and other nitrogen-containing chemicals, and 
high-molecular-weight substances like lectins and 
polysaccharides are commonly employed to modify the 
immune system (Parbat et al., 2021). These organic 
compounds serve a range of biological purposes and are 
created via secondary metabolism. Among several of these 
roles, antioxidant and anti-inflammatory qualities are 
particularly prominent (Nunes et al., 2020).  

Inflammation takes place when the body reacts to 
infection and damaging external stimuli. Acute 
inflammation typically goes away on its own and aids in 
the immune system's reaction to damage. On the other 
hand, prolonged inflammation led to the overproduction of 
inflammatory factors, which in turn triggered the 
cardiovascular system and other inflammatory disorders, 
such as gouty arthritis, cancer, and chronic gastritis. These 
inflammatory factors included nitric oxide (NO), tumor 
necrosis factor α (TNF-α), and cyclooxygenase 2 (COX-2). 
Diclofenac, aspirin, and ibuprofen are currently the anti-
inflammatory medications that are prescribed the most 
frequently; however, they are frequently associated with 
side effects and allergic reactions (Lu et al., 2022). 

Usually referred to as the date palm, Phoenix 
dactylifera L. is a significant plant in North Africa and 
Southwest Asia. Since the 20th century, date fruit 
production has grown dramatically on a global scale; in 
2020, it is predicted to reach a value of fourteen billion US 
dollar (Alkhoori et al., 2022).With about 930 thousand 
tons and more than 900 varieties of dates produced 
annually, Algeria is the third-largest date producer 
worldwide. Algeria is a large country that grows several 
different types of dates, such as mech degla, delget nour, 
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and degla beida (Chergui et al., 2021). Phoenix dactylifera 
is a monocotyledonous plant and part of the Arecaceae 
family. Its species name, phoenix, is derived from the 
Greek word for purple, while dactylifera translates to 
"finger-bearing." (Oluyele et al., 2021). In Algeria, date 
fruit is widely recognized for its numerous traditional 
medicinal applications, particularly for nursing mothers 
who utilize it to increase milk production, treating hair loss 
and anemia, and speeding up the broken bones healing 
process. Date fruit is used in traditional medicine all across 
the world to treat a variety of ailments, such as 
neurological diseases, and memory issues (Sedighi-
Khavidak et al., 2022). Fresh and dried dates are an 
integral part of Algerian diets, consumed in a variety of 
ways, and play an important role in culinary art. Dates are 
especially important during Ramadan as they are used for 
breaking the fast, which aligns with religious traditions 
(Bouguedoura et al., 2015). Dates palms serve as an 
important component of oasis agro-ecosystems, as they 
help form a microclimate that allows different crops and 
fruit trees, cereals, and vegetables to thrive. The shade 
provided by the canopy of date palms protects the soil 
from evaporation and increases the temperature of the soil 
that nurtures the crops planted underneath. This stratified 
plantation pattern maximizes the use of land in these arid 
regions and is efficient enough for sustainability. 
Furthermore, date palm cultivation in extreme conditions 
encourages sustainable agriculture, desertification combat, 
and hence creates prospects for the rural economies. 
Indeed, date palms play an important role in the 
preservation of the environment since they are resilient 
enough to survive desert conditions (Alotaibi et al., 2023; 
Dhawi and Aleidan, 2024). 

In addition to its nutritional and socioeconomic 
significance, Phoenix dactylifera L. has been the focus of 
numerous scientific investigations highlighting its diverse 
medicinal properties. Several studies have demonstrated 
that different parts of the plant—particularly the fruit—
exhibit significant antioxidant, anti-inflammatory, 
antimicrobial, hepatoprotective, and immunomodulatory 
activities (Al-Snafi and Thuwaini, 2023; Mostafa, 2024; 
Ahmed and Ali Boutlelis, 2024). Despite these findings, 
there remains a lack of comparative studies on the 
bioactivity of specific local varieties, particularly in 
Algeria, where different ecotypes like Degla and Homayra 
are traditionally used but scientifically underexplored. 

To address this gap, the objective of the present study 
was to comparatively evaluate (in vivo and in vitro) the 
immunomodulatory, antioxidant, and anti-inflammatory 
effects of the Algerian Phoenix dactylifera L. varieties, 
Degla and Homayra. 

2. Materials & methods 

2.1. Plant material 

Date fruits (Phoenix dactylifera) of the degla and 
homayra varieties were picked during the ripening stage 
from Biskra and Adrar, respectively, to make a date syrup, 
or "Roub" as it is known in the Algerian local culture. The 
plant materials used in this study were authenticated as 
local varieties based on their morphological characteristics 
and geographical origin. These varieties are well known 

and widely cultivated in their respective regions, and their 
identification was confirmed by local agricultural experts.  

2.2. Roub’s Preparations  

The Roub, traditional Algerian date syrup, was 
prepared using an Algerian conventional method. First, 3 
Kg of dates (for each variety) were washed. Then, a large 
container half-filled with water (twice the dates weight) 
was warmed to a medium heat (55–65 °C) and left to boil 
for approximately 90 minutes. Once softened, the fruits 
were crushed, with the seeds detached, to create a smooth 
mush, which was then filtered to extract the maximum 
amount of juice. The extracted juice underwent another 
heating process at around 65 °C to vaporize extra water, 
decreasing it to about 1000 g of a dense liquid similar to 
syrup. Finally, the date’s syrup (Roub) was left to reach 
room temperature before being kept in a sanitized glass 
container and reserved in a heated, dim place for 
preservation. 

Three doses for each variety (D1DG (100 mg/kg), 
D2DG (150 mg/kg), and D3DG (200 mg/kg) for the degla 
variety, and D1HM (50 mg/kg), D2HM (150 mg/kg), and 
D3DHM (200 mg/kg) for the homayra variety) were 
utilized in this investigation, and they were made by 
dissolving the Roub in 10 ml of sodium chloride (NaCl 
0.9%). 

2.3. Animal husbandry 

In this study, adult Mus musculus mice weighing 
between 20 and 30 g and aged between 60 and 75 days 
were used. The mice were obtained from the central 
pharmacy of Algeria and housed in polyacrylic cages in 
regular conditions, which included a cooled room with a 
12-hour light and dark cycle. Before the testing started, the 
animals spent a week acclimating and had unrestricted 
access to food and drink in the form of dry pellets.  

2.4. Ethics statement 

The technique for carrying out the animal exploration 
was based on the research project code (F00920140076), 
which was acquired from the Ministry of Higher Education 
and Scientific Research in Algeria. The studies were 
conducted in accordance with the OECD's ethical rules and 
principles for overseeing and monitoring animal research 
(OECD Test No. 420, 2002). All efforts were taken to 
minimize pain to the animal during experimentation. 

2.5. Up and down test 

The acute toxicity assessment was conducted using the 
"Up-and-Down" method, also known as the acute toxicity 
test (Ezeh et al., 2021). Five healthy adult male mice were 
each administered a high dose of 2000 mg/kg of Roub 
(from each variety). The mice were weighed the night 
before treatment, deprived of food, but allowed free access 
to water. Roub was then administered orally to each 
mouse. The first mouse received a dose of 2000 mg/kg and 
was closely observed during the first 60 minutes, then 
monitored every hour for the next three hours, and 
intermittently over the following two days for clinical 
symptoms and mortality. Observations included signs such 
as unusual aggression, drowsiness, abnormal vocalization, 
restlessness, and lethargy. If the first mouse survived, four 
additional mice were given the same maximum dose at 
two-day intervals. After two weeks of careful observation, 
the mice were released, and the total number of fatalities 
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was recorded. If at least three mice survived, the median 
lethal dose (LD50) was considered to be greater than the 
maximum dose tested. 

2.6. Phagocytic activity 

Phagocytic activity was assessed by measuring the rate 
at which the mononuclear phagocyte system cleared 
carbon from the bloodstream, using a carbon clearance test 
(Slimani et al., 2020). This activity is quantified by three 
indices: the phagocytic index (K), which reflects the 
overall function of the mononuclear phagocyte system in 
its interaction with the blood; the corrected phagocytic 
index (α), which evaluates this activity relative to the 

combined weight of the animal’s liver and spleen; and the 
half-life period (T½), representing the time required for the 
phagocytic system to eliminate carbon from the blood. 

The mice were divided into seven groups, as shown in 
Table 1. Three groups received different doses of Phoenix 
dactylifera (degla variety): D1DG (100 mg/kg), D2DG 
(150 mg/kg), and D3DG (200 mg/kg). Another three 
groups received corresponding doses of Phoenix 
dactylifera (homayra variety): D1HM (100 mg/kg), D2HM 
(150 mg/kg), and D3HM (200 mg/kg). The control group 
received 0.5 ml/mouse of 0.9% NaCl solution. 

Table 1. Animal grouping in the phagocytic activity test 

Phoenix dactylifera varieties Control group 

Degla variety Homayra variety 
0.5 ml/mouse of 
NaCl (0.9%) D1DG  D2DG  D3DG  D1HM  D2HM D3HM  

100 mg/kg 150 mg/kg 200 mg/kg 100 mg/kg 150 mg/kg 200 mg/kg 

PD1/PD2: Photographic Densities measured at 5 minutes and 15 minutes, correspondingly. 

K: Phagocytic index.

The medication was administered via intraperitoneal 
injection (i.p.). Two days after the injection, each mouse 
received an injection of an antigenic solution (0.1 ml per 
10 g of body weight) through the tail vein. The antigenic 
solution was composed of carbon ink (3 ml), 3% gelatin 
solution (4 ml), and saline (4 ml). Blood samples 
(approximately 15 drops) were collected at five and fifteen 
minutes after the antigenic solution was administered, and 
each sample was lysed in four milliliters of 0.1% Na₂CO₃ 
solution. The photometric density (PD) was then measured 
at 675 nm. 

The parameters for evaluating phagocytosis efficiency 
were calculated using the following equations: 

 

 

2.7. Hepatic GSH test  

By measuring hepatic glutathione (GSH) 
spectrophotometrically with the DTNB (5,5-dithio-bis-
(acide 2-nitrobenzoïque) reagent (Vuolo et al., 2022), the 
anti-oxidant impact was evaluated. 

2.8. Formalin-induced paw edema test 

The formalin-induced paw edema test in mice was 
performed to evaluate the anti-inflammatory effects of 
Phoenix dactylifera Roub in vivo. The progression of 
inflammation was monitored by measuring paw edema 
with a digital caliper. After a one-week acclimatization 
period, the mice were divided into five groups: 
• Negative Control (C-): Received only flour treatment. 
• Positive Control (C+): Treated with 2% formalin (0.05 

ml). 
• DG Group: Administered 100 mg/kg of Phoenix 

dactylifera (Degla variety). 
• HM Group: Administered 150 mg/kg of Phoenix 

dactylifera (Homayra variety). 

• DEC Group: Received 10 mg/kg of Diclofenac sodium 
(50 mg). 
All treatments were given orally for seven consecutive 

days.  
2.9. Histological study of the mice inflamed paw 

The histological examination of the inflamed mouse 
paw was performed according to the hematoxylin and 
eosin staining protocol described by Fischer et al., (2008). 

2.10. Statistical data analysis 

Tukey’s multiple comparison test and one-way 
ANOVA were used to analyze differences between groups 
during the dietary treatments (IBM SPSS version 20). P-
values less than 0.05 were considered statistically 
significant. 

3. Results 

3.1. Up and down test 

The results offered in Table 2 show that, in the acute 
toxicity test, administering a 2000 mg/kg dose of both 
Phoenix dactylifera varieties did not result in any deaths or 
apparent marks of toxicity. Five adult male mice received 
the same Roub orally at this dose and were monitored for 
two weeks. By the end of the observation period, all five 
mice survived.   
Table 2. Toxic effect of Phoenix dactylifera varieties 

Limit dose 
Signs of toxicity 
(2 weeks) 

Signs of mortality 
(2 weeks) 

Number of mice 
survived during 
(2 weeks) 

DG HM DG HM  DG HM DG HM 

2000 mg/kg No toxicity No mortality all mice 

DG: degla variety; HM: homayra variety 
3.2. The Phoenix dactylifera immunomodulatory activity 

3.2.1. Phagocytic index K 

In Figure 1, the results indicate a statistically important 
difference in the (K) values between the experimental 
groups (P = 0.011). Furthermore, the findings indicate that 
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Phoenix dactylifera at the D2HM and D1DG has the 
highest K (K D2HM = 0.076 ± 0.019, K D1DG= 0.073 ± 
0.031) compared to the control (K NaCl = 0.029 ± 0.012) 
and the other treated groups D1HM (K = 0.06 ± 0.025), 
D3HM (K = 0.048 ± 0.0148), D2DG (K = 0.053 ± 0.016), 
D3DG (K = 0.041 ± 0.013). 

 
Figure 1. Impact of different Phoenix dactylifera varieties on (K). 

Data are Mean ± Standard Deviation (n=5), with 
significant deviations from the NaCl group as *P<0.05, 
**P<0.01, ***P<0.001 
NaCl: Control; D1DG D2DG D3DG: (100, 150, 200) 
mg/kg of P. dactylifera (degla variety); D1HM, D2HM, 
D3HM: (100, 150, 200/kg) mg/kg of P. dactylifera 
(homayra variety) 

3.2.2. Carbon clearance time (T½) 

Findings in Figure 2 expose a highly significant 
reduction in carbon clearance period among the groups (P 
= 0.002). In addition to that, the results show that the 
carbon clearance was quicker in the group treated with 
D2HM (T½ = 9.788 ± 2.596 min) and D1DG (T½ = 
10.517 min ± 3.23) compared to the other treated groups: 
D3HM (T½ = 16.652 ± 4.946 min); D1HM (t½ = 13.586 ± 
4.964 min); D2DG (T½ = 14.006 min ± 3.7); D3DG (T½ = 
18.43 min ± 6.24), and the control NaCl (T½ = 27.179 min 
± 12.05). 

 
Figure 2. Impact of different Phoenix dactylifera varieties on the 
(T½) 

Data are Mean ± Standard Deviation (n=5), with significant 
deviations from the NaCl group as *P<0.05, **P<0.01, 
***P<0.001 
NaCl: Control; D1DG D2DG D3DG: (100, 150, 200) mg/kg of P. 
dactylifera (degla variety); D1HM, D2HM, D3HM: (100, 150, 
200/kg) mg/kg of P. dactylifera (homayra variety) 

3.2.3. Corrected phagocytic index 

The findings presented in Figure 3 reveal a statistically 
significant dissimilarity (P = 0.000) among the treated 
groups. The corrected phagocytic index α of the groups 
treated with the homayra variety (D1HM = 6.126 ± 0.616; 
D2HM = 7.172 ±0.731; D3HM = 6.128 ±0.418; P = 0.000) 
was considerably greater than that of the degla variety 
(D1DG = 4.406 ± 0.65; D2DG = 3.518 ± 0.66); D3DG 
(3.107± 1.23) P = 0.016. 

 
Figure 3. Impact of different Phoenix dactylifera varieties on α. 
Data are Mean ± Standard Deviation (n=5), with significant 
deviations from the NaCl group as *P<0.05, **P<0.01, 
***P<0.001 
NaCl: Control; D1DG D2DG D3DG: (100, 150, 200) mg/kg of P. 
dactylifera (degla variety); D1HM, D2HM, D3HM: (100, 150, 
200/kg) mg/kg of P. dactylifera (homayra variety) 

3.3. The Phoenix dactylifera antioxidant activity 

Figure 4 results demonstrate that there is a significant 
difference (P = 0.000) in the glutathione values between 
the treated groups with both varieties of Phoenix 
dactylifera. Glutathione values were significantly higher in 
the groups treated with the homayra variety (D2HM = 1.57 
nmol/mg ± 0.128; D1HM = 1.652 nmol/mg ± 0.386; 
D3HM = 1.83 nmol/mg ± 0.088; P = 0.000) than the NaCl 
group (0.000235 nmol/mg ± 9.5154E-05) and the groups 
treated with the degla variety (D1DG = 0.039 nmol/mg ± 
0.003; D2DG = 0.0160 nmol/mg ± 0,001; D3DG = 0.0010 
nmol/mg ± 0.0006) P = 0.035. 

 
Figure 4. Impact of different Phoenix dactylifera varieties on 
hepatic glutathione. 
Data are Mean ± Standard Deviation (n=5), with 
significant deviations from the NaCl group as *P<0.05, 
**P<0.01, ***P<0.001 
NaCl: Control; D1DG D2DG D3DG: (100, 150, 200) 
mg/kg of P. dactylifera (degla variety); D1HM, D2HM, 
D3HM: (100, 150, 200/kg) mg/kg of P. dactylifera 
(homayra variety) 
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3.4. The Phoenix dactylifera anti-inflammatory activity  

Results in Figure 5 demonstrate a greatly significant 
dissimilarities in edema size among the groups over the 
seven-day experiment (P = 0.000). This reduction in 
edema size was evident from the difference in diameters 
between inflamed and non-inflamed paws treated with 
both Phoenix dactylifera varieties (HM and DG) as well as 
Diclofenac (DEC). Moreover, a substantial decrease in 
edema size was observed in the HM, DG, and DEC groups 
from the fourth day of inflammation until the seventh day, 
when it reached its lowest level: 

DG: Day 4 (3.34 mm ± 0.281), Day 7 (3.245 mm ± 
0.310), P = 0.035 

HM: Day 4 (3.52 mm ± 0.157), Day 7 (3.29 mm ± 
0.235), P = 0.000 

DEC: Day 4 (3.02 mm ± 0.164), Day 7 (2.74 mm ± 
0.065), P = 0.000 

Conversely, the C+ group exhibited significantly larger 
edema compared to the control and other treated groups: 
C+: Day 4 (4.35 mm ± 0.42), Day 7 (3.76 mm ± 0.58), P = 
0.000. 

These findings suggest that treatment with Phoenix 
dactylifera varieties and Diclofenac effectively reduced 
edema size over time. 

Figure 5: Impact of different Phoenix dactylifera varieties 
on the edema size. 
Data are Mean ± Standard Deviation (n=5), with 
significant deviations from the NaCl group as *P<0.05, 
**P<0.01, ***P<0.001 
C-: Negative Control; C+: Positive Control; DG: 100 
mg/kg of P. dactylifera Degla variety; 
HM: 150 mg/kg of P. dactylifera Homayra variety; DEC: 
10 mg/kg of Diclofenac sodium (50 mg). 

3.5.  The histology study 

Figures 6A and 6B illustrate cellular desquamation of 
the synovial membrane and paw degeneration in the (C+) 
group, which received a subplantar injection of formalin. 
In contrast, the normal (C-) group exhibited an intact paw 
structure, with clearly visible joint components, including 
calcified cartilage, spongy bone, and hyaline cartilage. 

Figures 6C and 6D display histological sections of the 
joint paw treated with Phoenix dactylifera (Degla and 
Homayra varieties). These sections revealed intact articular 
cartilage with a preserved articular surface. Similarly, the 
Diclofenac sodium-treated group showed intact hyaline 
cartilage with no signs of erosion on the articular surface 
(Figure 6E). 
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4. Discussion 

Therapeutic plants and their derivatives have been 
found to influence both humoral and innate responses by 
engaging with the immunoregulatory cascade and 
modifying immune cell multiplication, phagocytic activity, 
toxicity function, and the expression of cytokines, cellular 
co-receptors, and immunoglobulins (Alanazi et al., 2023, 
Shen et al., 2023). The study aimed to comparatively 
evaluate the immunomodulatory, antioxidant, and anti-

inflammatory properties of Algerian date (Phoenix 
dactylifera) varieties, degla and homayra. 

To assess the impact of date Roub on the mononuclear 
phagocyte system (a network of cells specialized in 
phagocytosis), a test for carbon elimination was executed. 
Upon the direct injection of carbon elements (the ink) into 
the systemic circulation, macrophages and other 
phagocytic cells initiate the process of clearing carbon 
from the blood. 

The doses of Phoenix dactylifera varieties used in the 
treatment groups influenced the immune system by 

Figure 6A: Histological section of a mouse paw following 
seven days of inflammation in the C+ group, stained with 
H&E (X100). 

ACD: Articular Cartilage Degenerated  

 
 

 
 

Figure 6B: Histological section of a mouse paw following 
seven days of inflammation in the (C-) group stained with 
H&E (X100). 

AC: Articular Cartilage; CC: Calcified Cartilage; SB: 
Spongy Bone. 

 
 
 

Figure 6E: Histological section of a mouse paw 
following seven days of inflammation in the (DEC) 
group stained with H&E (X100). 

CJ: Cavity of the Joint; JS: Joint Surface; VB: 
Vascularized Bone 

 
 
 

Figure 6C: Histological section of a mouse paw following 
seven days of inflammation in the (DG) group stained with 
H&E (X100). 

IC: Intact cartilage; SM: Synovial Membrane; 

VB: Vascularized Bone 

 

Figure 6D: Histological section of a mouse paw following 
seven days of inflammation in the (HM) group stained with 
H&E (X100). 

PAC: Preserved Articular Cartilage; IAS: Intact Articular 
Surface; JC: Joint’s Cavity. 

 

D 

PAC 

 
 

CJ 

JS 
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stimulating the phagocytic system to accelerate carbon 
clearance from the blood and affecting liver GSH levels. 
The most significant effect was observed at 100 mg/kg for 
the Degla variety and 150 mg/kg for the Homayra variety. 
These findings show similarities with those of Oriade et al. 
(2021) who reported that the immunological responses of 
the groups fed with 0.5 and 2.0% date revealed noticeably 
higher levels of antibody and phagocytic activity, 
respectively. Furthermore, the results agree with the study 
of Merza Mahmood et al. (2016) The study examined the 
immunomodulatory effects of date fruit water extract in 
mice, revealing an increase in the amount of IFN-γ, CD4 
(cluster of differentiation), CD49b, IL-12, and CD11b cells 
compared to normal after treatment. Moreover, Ahmad 
Mohd Zain et al. (2022) highlight the date palm's many 
health advantages, including how it strengthened the 
immune system during the COVID-19 epidemic. 

Substances that can activate the immune system's 
innate or adaptive arms are known as immunostimulants. 
Pharmaceutical companies release a lot of synthetic 
immunostimulants, but they have a lot of adverse effects 
(Alhazmi et al., 2021, Wang et al., 2024). On the other 
hand, As a result of containing components such as 
polysaccharides, lectins, saponins, and flavonoids, among 
others, certain plant products are thought to strengthen the 
body's innate defense against infection. While some of 
these merely engage the immune system's cellular 
components, others promote both humoral and cell 
mediated immunity (Santiago et al., 2021). 

The results also show that, the Roub of Phoenix 
dactylifera (degla and homayra varieties) is capable of 
improving antioxidant activity by increasing hepatic GSH 
levels. These results show some similarities with the 
results of Saryono et al. (2019). The study revealed that 
when 5 g/kg of steeped date seeds are administered, TNF-α 
is decreased while GSH and IFN-γ are increased. In 
addition to that, the results also agree with those of 
Roshankhah et al. (2020) who indicated that by 
strengthening the liver's antioxidant defenses, Middle 
Eastern Phoenix dactylifera can lessen the negative 
structural alterations and oxidative stress caused by 
mercury in the testis. According to Gad El-Hak et al. 
(2022), date palm extracts, such as methanolic date flesh 
extract, can ameliorate hepatic injury induced by toxins 
like cisplatin and help to restore GSH levels, reduce 
oxidative stress, and decrease inflammatory biomarkers in 
the liver. 

Results from the last section of the study demonstrated 
that from the second day until the end of the test, Phoenix 
dactylifera (degla and homayra varieties) greatly decreased 
formaldehyde-induced edema. The test results may be 
attributed to the influence of Phoenix dactylifera on the 
release of inflammatory mediators and its potential to act 
correspondingly to non-steroidal anti-inflammatory drugs 
in both phases of inflammation. The results agree with 
Saryono et al. (2019) who reported that Phoenix 
dactylifera seeds have anti-inflammatory and 
immunostimulant properties. As an anti-inflammatory 
effect, date seed inhibits the formation of edema and IFN-γ 
and suppresses inflammatory cytokines like IL-6, IL-1, 
and TNF-α . The study of Bouhlali et al. (2020) suggested 
that Phoenix dactylifera seed extracts mediate anti-
inflammatory properties through the stabilization of 
lysosomal membranes, prevention of protein denaturation, 

and inhibition of fibrinogen formation and C-reactive 
protein. 

It should be noted that many plants' biological effects, 
including their ability to reduce inflammation and arthritis, 
have been linked to their triterpene or flavonoid 
concentrations. Furthermore, it has been shown that a 
number of flavonoids, including luteolin, quercetin, and 
rutin, as well as biflavonoids and triterpenoids, including 
ursolic acid, exhibit notable anti-nociceptive and/or anti-
inflammatory properties (Kaushik et al., 2021, Sivasakthi 
et al., 2021). From that point of view, Phoenix dactylifera 
is known for its exceptional nutritional and functional 
properties, being abundant in tannins, phenolics, flavonols, 
and flavonoids (Chenini et al., 2021, Harkat et al., 2022), 
proteins, lipids, fibers, vitamins, minerals (Alahyane et al., 
2021, Shahab Uddin and Nuri, 2021), simple 
carbohydrates, primarily glucose, fructose and other 
secondary metabolites (Bano et al., 2022). 

5. Conclusion 

The present synthetic drug-based therapy method for 
diseases including diabetes, cancer, and rheumatoid 
arthritis is costly. Date fruit preparations from Algeria are 
a cheap and useful treatment. This study demonstrated the 
beneficial effects of Phoenix dactylifera (homayra and 
degla varieties) on the management of diseases due to its 
anti-inflammatory properties, anti-oxidant, and 
immunostimulation qualities, which inspire hope for a 
novel therapeutic approach. Despite the promising results 
obtained in this study, several limitations should be 
acknowledged. First, the investigation was limited to acute 
in vivo models, and long-term or chronic effects of the 
extracts were not assessed. Second, while the study 
demonstrated significant immunomodulatory, antioxidant, 
and anti-inflammatory activities, the underlying molecular 
mechanisms and specific bioactive constituents 
responsible for these effects were not explored. 
Additionally, the evaluation was conducted solely in 
animal models, which may not fully replicate the 
complexity of human biological responses. Therefore, 
further studies are recommended to isolate and 
characterize the active phytochemicals in these date 
varieties, examine their molecular targets and pathways, 
and assess their efficacy and safety in chronic disease 
models. Ultimately, clinical trials will be essential to 
validate their therapeutic potential in humans. 
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