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Introduction: Low immunity causes the body to become more easily infected, resulting in 
inflammation. If the immune system is functioning properly, this inflammation will end in 
healing. The immune system has a protective role in the body, and its anti-inflammatory role 
is vital. During trauma, the initial immune response is marked by inflammation. The use of 
date-seed extract, although not steeped date seeds, has been studied as an anti-inflammatory   
agent. This study is aimed at demonstrating the anti-inflammatory effect of steeped date seeds 
(Phoenix dactylifera L.) in rats with CCl4-induced inflammation.
Methods: This experiment included a pre- and post-test with control group design. Male Wistar 
rats (approximately 2–3 months of age, ranging in weight from 150 to 200 g) were assigned to 
the following groups: negative control (NC), positive control (PC), T1 treatment dose 1 g/kg, T3 
treatment dose 3 g/kg, T5 treatment dose 5 g/kg, and healthy control (HC). Groups 1–5 were 
subjected to CCl4 induction at a single dose of 2 mL/kg before treatment. The levels of tumor 
necrosis factor (TNF-α), glutathione (GSH), and gamma interferon (IFN-γ) were compared in 
groups using one-way analysis of variance (ANOVA), followed by a least significant difference 
(LSD) post hoc test for comparisons between means. 
Results: Levels of tumor necrosis factor (TNF-α), GSH, and IFN-γ were significantly different 
among the HC and treatment groups after CCl4 induction. After 14 days of steeped date-seed 
treatment, TNF-α decreased, but GSH and IFN-γ levels increased significantly (P = 0.001). 
Conclusion: Administration of steeped date seeds at a dose of 5 g/kg can increase GSH and IFN-γ, 
and decrease TNF-α, the strongest inflammatory marker in CCl4-induced rats. The findings of 
this study indicate that date-seed supplementation can support body immunity by regulating pro-
inflammatory mediators.
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A B S T R A C T

Introduction
The human body is particularly vulnerable to external 
antigen exposure from viruses, bacteria, and fungi 
(infectious diseases), as well as from abnormal growths 
such as tumors, and degenerating cells. Degenerative 
diseases and exposure to microorganisms can suppress 
immunity. Dietary habits, such as fast food consumption, 
can also trigger a decline in the immune system. Fast 
foods contain many free radicals, and increased free 
radicals in the body can damage lipids, proteins and DNA 
(1–3). Moreover, free radicals from toxic compounds such 
as carbon tetrachloride (CCl4) can decrease the body’s 

immune system ability (4,5). Although the body has a 
complex immune defense system, sometimes it is unable 
to deal with certain toxins. 

Some infectious diseases can be prevented by enhancing 
the body’s immune system and reducing exposure to 
toxic compounds. These efforts may include a local 
immunostimulant. Various efforts have been made to 
improve the response of the body’s immune system; e.g., 
the use of immunostimulant drugs. However, these efforts 
have been ineffective because many chemical compounds 
in drugs cause side effects, while many medicines also have 
immunosuppressive effects. Therefore, herbal therapy 
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is considered as a solution for this issue, particularly the 
use of date seeds. Date seeds contain many phenolic and 
antioxidant compounds that are believed to stimulate 
the body’s immune system (6). The chlorogenic acid, 
pelargonin and ferulic acid found in dates can significantly 
reduce the number of immunoglobulin E (IgE) cells in the 
allergic response (2).

The consumption of dates in Indonesia, the largest 
Muslim country in the world, is very high; however, date 
seeds are usually thrown away. Date seeds contain many 
active compounds in the form of antioxidants, such 
as phenolics, which may reduce free-radical levels by 
virtue of their anti-inflammatory and immunostimulant 
activities (7,8). The phenolic content of date seeds 
includes protocatechuic acid, p-hydroxybenzoic, gallic 
acid, vanillic acid, caffeine acid, p-coumaric acid, 
m-coumaric, and o-coumaric (9). The content of phenolic 
acid as antioxidant reduces free radicals induced by both 
cancer and anti-cancer treatment. In addition, date seeds 
contain quercetin, which can increase the synthesis of 
T and B lymphocytes (10,11). A date-seed diet has been 
found to improve the performance and response as well as 
antioxidant status of the immune system in broiler chickens 
(12). However, the use of steeped date seeds for improving 
one’s health status has not been studied. Flavonoids in 
steeped dates increase antioxidant levels (13,14) and 
improve lipid profiles (15). The essential compounds in 
date seeds are thought to function as immunostimulants 
that enhance the body’s immune system, though the exact 
mechanism of this immunostimulation is unclear. Tumor 
necrosis factor (TNF-α), glutathione (GSH), and gamma 
interferon (IFN-γ) are required for antigen binding in the 
inflammatory reaction. Therefore, the present study was 
conducted with the aim of evaluating the effect of steeped 
date seeds on the immune system of rats. 

Materials and Methods
Preparation of steeped date seeds
Deglet nour (Phoenix dactylifera L.) dates were purchased 
from the Purwokerto Market. Date seeds were separated 
from the fruit, washed with tap water, drained, and then 
dried for one day in direct sunlight. The dried date seeds 
were then roasted, chopped using a blender, and filtered 
until only a fine powder remained.

Experimental animals
Male Wistar rats, approximately 2–3 months of age and 
ranging in weight from 150 to 200 g, were used in the 
experiment. The rats were acclimated for one week and 
placed in separate cages according to their experimental 
group. All animals had free access to food and water 
(ad libitum) and a 12/12-hour (light/dark) cycle was 
maintained. All animal experiments were performed 
based on standardized protocols for experimental animal 
studies. 

Study design
This study had a laboratory experimental design with 
pre- and post-tests and a control group. Thirty rats were 
assigned to the following groups (with five rats per group): 
negative control (NC), positive control (PC), T1 treatment 
dose 1 g/kg, T3 treatment dose 3 g/kg, T5 treatment dose 
5 g/kg, and healthy control (HC). Before treatment, all 
groups (except for the HC group) received a single dose of 
CCl4. As much as 1 g of CCl4 is diluted with 5 mL of olive 
oil and then given to the rats at 2 mL/kg. The steeped date-
seed treatment was administered for 14 days. A total of 
14 g (for T1), 42 g (for T3) and 70 g (for T5) of powdered 
date palm seeds were mixed with 42 mL of hot water and 
allowed to settle overnight. This mixture was then filtered, 
and 3 mL of the filtered mixture was administered to 
each rat every day for 14 days. The PC group received 
dexamethasone 0.5 mg/kg. GSH, TNF-α, and IFN-γ, 
were examined by enzyme-linked immunosorbent assay 
(ELISA) kits (BT Laboratories, Shanghai) according to the 
manufacturer’s protocols, using an ELISA Reader machine 
(Labotrone, Germany). 

Statistical analysis
Normally distributed data was analyzed using ANOVA 
followed by least significant difference (LSD) post hoc 
test for comparison among mean values with a significant 
level of 5%.

Results 
This study is the first to use steeped date seeds as an 
anti-inflammatory agent. CCl4, an oxidant, could induce 
inflammation in experimental animals. Following CCl4 
induction, GSH levels decreased (Figure 1). ANOVA 
revealed significant differences in GSH levels between the 
CCl4-induced and HC groups (P < 0.001). After 14 days 
of steeped date-seed treatment, GSH levels significantly 
increased (P < 0.000). The results of the post hoc analysis 
showed that the T5 treatment group (5 g/kg dose) had 
the highest GSH level, similar to the GSH level in the HC 
group (Table 1); i.e., steeped date seeds could restore GSH 
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Figure 1. Glutathione (GSH) levels before and after administration of 
steeped date seeds. The values are the means ± standard deviation (SD). 
NC: negative control, PC: positive control, T1–T5: groups treated with 
steeped date seeds, HC: healthy control.
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in the body to almost normal levels.
Chemical mediators, such as IFN-γ, decreased in 

experimental animals after CCl4-induction (Figure 2), 
while IFN-γ levels differed significantly between the CCl4-
induced groups and the HC group (P < 0.001). The levels 
of IFN-γ significantly increased after the administration 
of steeped date seeds in the treatment group (P < 0.001). 
Moreover, the LSD post-hoc test results showed that, 
compared to other groups, the T5 treatment group had 
the highest IFN-γ level (Table 2).

The TNF-α level in CCl4-induced experimental animals 
was significantly higher than that of the HC group, and 
there was a significant difference between the levels in the 
induced and HC groups (Figure 3). The results showed a 
significant change in TNF-α level after the administration 
of steeped date seeds (P < 0.001); i.e., after the steeped 
date-seed treatment, TNF-α levels significantly decreased. 

The results of the LSD post hoc test showed that a dosage 
of 5 g/kg steeped date seeds was optimal and resulted in 
the lowest level of TNF-α (Table 3).
 
Discussion
Pro-inflammatory cytokines exhibit changes after 
exposure to free radicals. As a source of free radicals, 
CCl4 is a hepatotoxic compound that causes lipid 
peroxidation resulting in tissue damage and inflammation. 
Inflammation is a dynamic process that involves pro-
inflammatory cytokines, such as TNF-α, interleukin-
1β (IL-1β), IL-6 and vascular endothelial growth factor, 
which plays a leading role in the said process (3). The 
need for antioxidants, such as GSH, increases during 
free radical exposure, resulting in a low GSH level in the 
body after CCl4 exposure. GSH is synthesized from amino 
acids; presumably because date seeds contain various 

Figure 2. IFN-γ levels before and after administration of steeped date 
seeds. The values are the means ± standard deviation (SD). NC: negative 
control, PC: positive control, T1–T5: groups treated with steeped date 
seeds, HC: healthy control.

Figure 3. TNF-α levels before and after administration of steeped date 
seeds. The values are the means ± standard deviation (SD). NC: negative 
control, PC: positive control, T1–T5: groups treated with steeped date 
seeds, HC: healthy control.

Table 1. Post-hoc test results of glutathione levels after date-seed treatment

Groups NC PC T1 T3 T5 HC
NC - 0.001** 0.001** 0.001** 0.001** 0.001**
PC 0.001** - 0.026* 0.635 0.001** 0.001**
T1 0.001** 0.026* - 0.072 0.001** 0.001**
T3 0.001** 0.635 0.072 - 0.001** 0.001**
T5 0.001** 0.001** 0.000** 0.001** - 0.029*

NC: negative control, PC: positive control, T1–T5: groups treated with steeped date seeds, HC: healthy control. 
Levels of GSH are significantly different between treatment groups and HC after administration of steeped date seeds. *P < 0.05, **P < 0.01.
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Table 2. Post-hoc test results of IFN-γ levels after date-seed treatment

Groups NC PC T1 T3 T5 HC

NC - 0.001** 0.001** 0.001** 0.001** 0.001**
PC 0.001** - 0.001 0.305 0.002* 0.009*

T1 0.001** 0.001** - 0.001** 0.001** 0.001**

T3 0.001** 0.305 0.001** - 0.001** 0.001*

T5 0.001** 0.002* 0.001** 0.001** - 0.506
HC 0.001** 0.009* 0.001** 0.001* 0.506 -

NC: negative control, PC: positive control, T1–T5: groups treated with steeped date seeds, HC: healthy control. 
Levels of IFN-γ are significantly different between treatment groups and HC after administration of steeped date seeds. *P < 0.05, **P < 0.01.
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types of amino acids (4,5), administering steeped date 
seeds increases GSH levels.

Reduced GSH plays an important role in various 
biological processes, such as oxidation reduction, 
transport, protein synthesis, catabolism, and metabolism. 
High levels of free radicals in the body require a large 
number of antioxidants to combat them. The results 
of this study are consistent with previous research, 
demonstrating that steeped date seeds can improve GSH 
peroxidase in premenopausal women (14).

The initial immune response to inflammation induced 
by CCl4 is characterized by a decrease in IFN-γ production. 
Decreased IFN-γ depresses macrophage function, 
allowing the inflammatory process to continue. Several 
studies have shown that date seeds can significantly 
stimulate IFN-γ and cell mRNA expression and improve 
the Th1 immune response (16). These effects have been 
related to the polyphenol and polysaccharide content in 
date seeds. Administering date palm extract for seven days 
can increase antibody titers and plaque-forming cells. The 
phenolic and flavonoid components of date seeds may 
also act as anti-inflammatory inhibitors of cyclooxygenase 
(COX2) enzymes. Animal studies have shown that 
dates have potential protective effects via modulation 
of cytokine expression (17). Other findings suggest that 
dates also play a role in reducing leg swelling and plasma 
fibrinogen (18).

IFN-γ has immuno-regulator activity and plays a role in 
the differentiation of B cells and macrophage activation. 
IFN-γ has also an antiviral activity. Increased immune 
activity leads to higher IFN-γ production and increased 
antigen-presenting cell function via class II molecular 
induction. IFN-γ is produced by activated T cells as well as 
natural killer (NK) cells. Treatment with steeped date seeds 
stimulates T cells, increasing the production of IFN-γ, 
which suggests favorable cellular immune responses. The 
results of this study indicate that steeped date seeds can 
induce macrophages to produce IFN-γ.

The dominant components in date seeds are 
polysaccharides, such as pectin, β-glucan and 
polyphenols. Pectin plays an important role in immuno-
modulatory effects, including protecting against bacterial 
streptococcus infections and upregulating IL-1β and 

IFN-γ. β-glucan has been found to protect against bacterial 
and protozoan infections in experimental animals (16). 
Palm water can also act to increase CD4 + T cells in mice. 
CD4+ is a marker of the surface antigen of T lymphocyte 
cells; thus, increasing CD4 + T cells leads to an increase 
in lymphocyte cells. CD4 + stimulates Th2 activation, 
while Th2, in turn, stimulates B lymphocyte cells to 
produce antibodies in the form of immunoglobulin. 
Cytotoxic T (Tc) cells activate IFN-γ, and IFN-γ activates 
macrophages, increasing respiratory burs and resulting in 
increased bactericidal activity. CD8+ T cells activate Tc 
and serve as a Tc cell surface marker.

Lymphocytes proliferate and differentiate into T 
cells and B cells, both of which play a role in specific 
immune responses. Macrophages perform pathogenic 
phagocytosis and play a role in nonspecific immune 
responses. Chemical mediators (cytokines) help control 
immune responses, such as the IFN-γ produced by T cells, 
which activate macrophages and NK cells. IFN-γ and 
other cytokines play an important role in the activation 
of cellular immunity. Moreover, IFN-γ increases human 
leukocyte antigen (HLA) expression on the surface of 
virus-infected cells, allowing HLA with a viral antigen 
on the cell surface to be recognized by Tc cells, leading 
to cell lysis. IFN-γ can also promote attacks against viral, 
bacterial and parasitic infections, as well as inhibit cell 
division and cell differentiation. The results of this study 
are in line with other studies, demonstrating that steeped 
date seeds can improve IFN-γ levels (12).

Date seeds can boost the immune system because 
they contain many active substances. For example, 
date seeds contain various phenolic compounds, such 
as ferulic acid, p-coumaric, quercetin, isorhamnetin 
heterosides, p-hydroxybenzoic and caffeoylshikimic 
acids, catechin and epicatechin flavanols (19,20), 
tannins, and carbohydrates. Date seeds also contain 
certain antioxidants and antioxidant enzymes, such as 
polyphenol oxidase, antioxidant vitamins, alkaloids, 
steroids, flavonoids, and oleic acid (21,22). These 
components are excellent anti-inflammatories. Moreover, 
phenols have antiseptic properties. The protein content in 
palm kernels is quite high, accounting for two-thirds of 
the flesh (23). Date seeds contain abundant amounts of 

Table 3. Post-hoc test results of TNF-α levels after date-seed treatment

Groups NC PC T1 T3 T5 HC

NC - 0.001** 0.001** 0.001** 0.001** 0.001**
PC 0.001** - 0.492 0.414 0.001* 0.001**

T1 0.001** 0.492 - 0.139 0.001** 0.001**

T3 0.001** 0.414 0.139 - 0.008* 0.001*

T5 0.001** 0.001* 0.001** 0.008* - 0.265
HC 0.001** 0.001** 0.001** 0.001* 0.265 -

NC: negative control, PC: positive control, T1–T5: groups treated with steeped date seeds, HC: healthy control. 
Comparison between groups (LSD test). *P < 0.05, **P < 0.01.
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fiber (73.1 g/100 g), phenolics (3942 mg/100 g), fat (9.0 
g/100 g), protein (5.1 g/100 g), and antioxidants (24). 
Moreover, date seeds contain many phenolic compounds 
and natural dietary fiber sources, as well as anti-oxidants 
(25), which contribute their anti-inflammatory activities 
to the date palm. Phenolic compounds are believed to 
inhibit inflammation through mechanisms that inhibit 
leukocyte migration and also reduce serum lysozyme 
levels, nitric oxide (NO), prostaglandin E2 (PGE2) and 
malondialdehyde (26).

Compared to raw date seeds, roasted date seeds have 
a higher flavonoid content. Roasted date seed flavonoids 
contain rutin (2.2 mg/gm), gallic acid (0.1 mg/gm), and 
quercetin (0.52 mg/gm), while raw date seeds contain 
rutin (0.4 mg/gm), gallic acid (0.1 mg/gm), and quercetin 
(0.9 mg/gm) (27). Flavonoids can inhibit lipoxygenase 
activity, PGE2 synthesis, COX2, NO production, and 
TNF-α-mediated monocyte adhesion, which suppresses 
pro-inflammatory gene expression (26). Date seeds 
also contain high levels of vitamins E and C. The anti-
inflammatory effect of Phoenix dactylifera is related 
to its unsaturated fatty acids, antioxidant compounds 
(vitamins E and C) and phenolic compounds (28). Date-
seed extract can decrease inflammation in pancreatic beta 
cells, increase the production of insulin (29) and decrease 
the proliferation of pancreatic cancer cells, superoxide-
dependent iron release and DNA damage (30). 

Conclusion
CCl4 induction decreases GSH and IFN-γ while increases 
the TNF-α. Administration of steeped date seeds increases 
GSH and IFN-γ, but decreases TNF-α. The findings of this 
study are important regarding the potential for the use 
of steeped date seeds as anti-inflammatory compounds. 
This research will help future researchers to explain the 
mechanism of action behind the anti-inflammatory effect 
of the steeped date seed.
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