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ABSTRACT
Background and Aims: Anatolian propolis, which is rich in phenolic compounds, may offer neuroprotective benefits due to
its anti-inflammatory and antioxidant properties. This study explored how Anatolian propolis affects the frequency of absence
seizures and anxiety levels in rats with genetic absence epilepsy from Strasbourg (GAERS).
Methods: Adult male GAERS were orally administered Anatolian propolis samples at concentrations of 15% (120 mg/kg/day)
and 30% (180 mg/kg/day), whereas the control group received an equivalent volume of tap water by oral gavage for 35 days.
A 3-h EEG was recorded 9.00 and 12.00 a.m after 35 days of sub-chronic administration. The effects of Anatolian propolis on
spike-and-wave discharge (SWD) duration, number, and mean duration of each SWDs were evaluated and compared with the
control group. The elevated plus maze test was then performed to measure the anxiety level of GAERS rats. Finally, brains were
isolated, and interleukin-1 beta (IL-1β) levels were measured in freshly frozen isolated brains using an ELISA method.
Results: Oral administration of Anatolian propolis (180 mg/kg/day) significantly reduced the number of SWDs and decreased
IL-1β levels in the brain tissue of adult GAERS after 35 days of sub-chronic administration (p<0.05). Propolis treatment did not
alter anxiety levels in terms of time spent in the closed and open arms.
Conclusion: This study represents an initial exploration of the effects of Anatolian propolis on absence seizures in GAERS. Our
findings indicate that Anatolian propolis could offer therapeutic advantages by reducing the levels of the brain’s pro-inflammatory
cytokine IL-1β in GAERS, potentially mitigating absence seizures. However, additional research is necessary to understand the
potential mechanisms driving this benefit.
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INTRODUCTION

Childhood absence epilepsy is a form of genetic generalised
epilepsy characterised by bilateral synchronous spike-and-
wave discharges (SWDs) at a frequency of 3–4 Hz on EEG,
along with behavioural arrest and rhythmic eyelid movements
(Crunelli & Leresche, 2002; Hirsch et al., 2022). Approxi-
mately 40% of children with absence epilepsy may also have be-
havioral and cognitive problems (Masur et al., 2013). Currently,
the treatment of choice for absence epilepsy alone is ethosux-
imide (Shorvon, 2011), which is one of the oldest anti-absence
drugs that was introduced into clinical practise in 1958 (Zim-
merman & Burgemeister, 1958). Gastrointestinal side effects
(nausea, vomiting, anorexia, and diarrhea) occur in 4%–29%
of patients receiving ethosuximide (Shorvon, 2011). More than
50 years after its induction, ethosuximide still represents the op-

timal initial empirical monotherapy for absence epilepsy, and
no new antiseizure drug has proven significant efficacy against
typical absences (Vrielynck, 2013; Brigo, Igwe, & Lattanzi,
2019). Valproic acid and lamotrigine are effective in numerous
patients, but they tend to elicit more adverse effects in compar-
ison to ethosuximide (Kessler & McGinnis, 2019). Therefore,
there is a need for more effective and better-tolerated treat-
ments for absence epilepsy and related comorbidities (Löscher
& Schmidt, 2011).

Propolis is a bee product with antibacterial, antioxidant, anti-
inflammatory, and neuroprotective activities(Zulhendri, Perera,
& Tandean, 2021). Bees produce it using a combination of
beeswax and saliva to protect their hives. In general, propolis
contains flavonoids, phenolic compounds, and terpenoids, al-
though its exact chemical composition varies depending on the
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plant species native to the region where it is produced. Propo-
lis exerts anti-inflammatory effects via mechanisms such as
the inhibition of cyclooxygenase and prostaglandin synthesis,
scavenging of free radicals, immunosuppressive activity, and
reduction of inflammatory cytokine levels (Braakhuis, 2019;
Zullkiflee, Taha, & Usman, 2022). Anatolian propolis com-
position differs from that of other propolis samples and has
a high concentration of phenolic compounds, such as caf-
feic acid phenethyl ester (CAPE). CAPE, known for its anti-
inflammatory and antioxidant properties, contributes to the neu-
roprotective potential of Anatolian propolis (Altuntaş, Güzel,
& Özçelik, 2023). Preclinical studies testing the effect of bee
products on experimental epilepsy models showed that propolis
significantly decreased the frequency of seizures and reduced
excitability (Kwon et al., 2004; Swamy, Suhaili, Sirajudeen,
Mustapha, & Govindasamy, 2014). The effect of propolis on
absence seizures has not been evaluated. In this study, for the
first time, we aimed to investigate the possible effect of Ana-
tolian propolis on absence seizures, anxiety levels, and brain
pro-inflammatory cytokine interleukin-1β (IL-1β) levels in ge-
netic absence epilepsy rats from strasbourg (GAERS), a thor-
oughly validated and commonly used rat model of genetic gen-
eralised epilepsy (Danober, Deransart, Depaulis, Vergnes, &
Marescaux, 1998). Adult GAERS rats display SWDs on EEG
that closely resemble absence seizures observed in patients
with childhood absence epilepsy. Furthermore, their pharma-
cological response aligns with medications commonly used in
clinical practice. Additionally, they exhibit pronounced anxiety-
and depression like behaviours (Jones et al., 2008), which are
commonly observed comorbidities in patients with epilepsy
(Ott et al., 2003). Considering these characteristics, this model
is an appropriate epilepsy model to investigate the effects of
Anatolian propolis on spontaneous SWDs and anxiety levels.

MATERIALS AND METHODS

Drugs and chemicals

Anatolian propolis 15% and 30% were obtained as a gift from
SBS Scientific Bio Solutions Co., Türkiye. BEE’O UP com-
mercially available propolis preparations in standardized doses
containing 15% or 30% pure Anatolian propolis extract were
used. Extract analyses were already performed at the SBS Sci-
entific Bio Solutions R&D centre, as shown in Table 1.

Animals and Experimental design

Male GAERS rats (n=22) weighing 250–300 g and aged 4-5
months were obtained from Mehmet Ali Aydınlar University,
Animal Research and Application Centre (ACU-DEHAM).

All animals were maintained under standard laboratory con-
ditions, with a 12/12 h light/dark cycle, 21±2°C, 45%–65%
relative humidity, and free access to food and water. All pro-

cedures were carried out in the Experimental Animal Care
and Research Unit of Istanbul University Faculty of Pharmacy
(EDEHAB), according to approval by the Animal Ethics Com-
mittee of Istanbul University (2022/06) conforming with the
EU Directive 2010/63/EU for animal experiments of the Istan-
bul University Local Ethics Committee of Animal Experiments
(HADYEK).

Anatolian propolis at concentrations of 15% and 30%
(BEE’O UP 15% Soluble Propolis Drops and BEE’O UP 30%
Propolis Drops, SBS Scientific Bio Solutions Inc.) were ad-
ministered orally for 35 days (Table 1). Adult GAERS rats were
orally administered Anatolian propolis at a concentration of
15%, at a dose of 120 mg/kg (n=8), and at a concentration of
30% and at a dose of 180 mg/kg (n=6), based on previous studies
that demonstrated the efficacy and safety of these concentra-
tions in various experimental models (Oršolić & Bašić, 2003;
Zingue et al., 2017; Gocmez et al., 2019; El Adaouia Taleb,
Djebli, Chenini, Sahin, & Kolayli, 2020; Guler, Bilir, Kocak,
Atas, & Samanci, 2022). The control group (n=8) received the
same volume of tap water (Figure 1). EEG recordings were
performed to evaluate the effect of Anatolian propolis on ab-
sence seizures. Subsequently, the rats underwent the elevated
plus maze test to determine their anxiety levels. At the end
of the protocol, the brains were isolated for pro-inflammatory
cytokine; IL-1β measurements.

Stereotaxic surgery

EEG recording electrodes were implanted into the animals
using stereotaxic surgery under ketamine/xylazine anaesthe-
sia (100 mg/kg; 10 mg/kg; i.p.). Before surgery, carprofen (5
mg/kg) was administered subcutaneously for analgesia. The
animals’ levels of consciousness and anaesthesia depth were
evaluated by pinching their hind paws. Cortical screw elec-
trodes were implanted bilaterally into the frontal-parietal cor-
tices for EEG recording. A reference cortical screw electrode
was placed on the cerebellum. The EEG screw electrodes were
soldered to the microconnectors, which were then fixed to the
skull bone with cold acrylic cement. After the surgical proce-
dure, the animals were placed in individual cages and allowed
to recover for 1 week.

EEG recordings and analysis

After the recovery period, the animals were placed in plexiglass
cages, and 3 h EEG recordings were recorded between 09:00
and 12:00 a.m. (ADI Instruments, Power Lab). EEG signals
were amplified using a BioAmp ML 136 amplifier and filtered at
bandpass settings of 1–40 Hz. These signals were then recorded
and analyzed utilizing the Chart v.7 program (PowerLab8S ADI
Instruments, Oxfordshire, UK). The cumulative SWD duration,
number of SWDs, and mean duration of SWDs were evaluated
after 35 days of oral Anatolian propolis administration.
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Table 1. LC-MS/MS analysis of the phenolic substances in 15% and 30% Propolis drop soluble in water.
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Tables:

Table 1. LC-MS/MS analysis of the phenolic substances in 15% and 30% Propolis drop soluble in
water.

Phenolic compounds 15 %
Propolis

30 %
Propolis

Unit

p-Hydroxybenzoic acid 161,4 196,2 mg/L
Epicatechin 225,7 431,5 mg/L
Caffeic acid 858,7 1613,2 mg/L
p-Coumaric acid 392,6 669,4 mg/L
Ferulic acid 743,1 1938,7 mg/L
Resveratrol 32,5 63,9 mg/L
Luteolin 20,1 58,9 mg/L
Quercetin 123,6 249,4 mg/L
t-Cinnamic acid 58,2 186,3 mg/L
Apigenin 343 686,3 mg/L
Hesperetin 284,6 563,8 mg/L
Rhamnetin 374,2 592,8 mg/L
Chrysin 4416 8404,7 mg/L
Pinocembrin 790,3 1714 mg/L
Caffeic acid phenethyl ester (CAPE) 8152,5 11365 mg/L

LC-MS/MS: Liquid chromatography with tandem mass spectrometry.
Adapted from https://www.beeo.com.tr/analizlerimiz#fancybox-grup-84)

Figure Legends:

Figure 1. Experimental timeline. Adult GAERS rats were orally administered Anatolian propolis
at a concentration of 15%, at a dose of 120 mg/kg (n=8), and at a concentration of 30% at a dose

Figure 1. Experimental timeline. Adult GAERS rats were orally administered Anatolian propolis at a concentration of 15%, at a dose of 120 mg/kg (n=8), and at
a concentration of 30% at a dose of 180 mg/kg (n=6). The control group (n=8) received the same volume of tap water. On the 28th day after the administration
started, rats were implanted with EEG electrodes stereotaxically. After 7 days of recovery on the 36th day, EEG recordings were performed to evaluate the effect
of Anatolian propolis on absence seizures. Subsequently, on day 37, rats underwent the elevated plus maze behavioral test to determine their anxiety levels. At the
end of the protocol, rats were perfused and then brains were isolated for pro-inflammatory cytokine IL-1β measurements with ELISA metod.

Elevated plus maze test

The anxiety levels of the GAERS rats were measured using the
elevated plus maze test. Adult male GAERS rats were placed on
a platform that was 50 cm above the ground and consisted of two
open arms (50 cm×10 cm), two closed arms (50 cm×10 cm×50
cm), and a central area (10cm×10cm) that connected the four
arms. The rats were placed in the central area facing an open

arm. Measurements of arm exploration (including duration and
frequency of entries on open and closed arms and time spent in
open and closed arms) were recorded and scored manually by
a blind observer over 5 min (300 sec) (Hu et al., 2017; Mehta,
Parashar, & Udayabanu, 2017; Słupski, Trocha, & Rutkowska,
2017). Using these measures, animal anxiety was estimated as
an experimental outcome.
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Measurement of proinflammatory cytokine (IL-1β) levels
in brain tissue

At the end of the behavioural experiments, rats were deeply
anaesthetised with ketamine/xylazine anaesthesia (100 mg/kg;
10 mg/kg; i.p.) and transcardially perfused with 0.1 M phos-
phate buffered saline (PBS). The brains of the rats were isolated
and stored at -80 °C until the IL-1β measurements. For IL-1β
measurements, brains were weighed and then homogenised in
PBS (tissue weight (g): PBS (mL) volume = 1:9) with Omni
Bead Ruptor®. The homogenates were then centrifuged for 10
mins 5000 x g at 4 °C to obtain the supernatant. IL-1β mea-
surement in brain supernatant samples was performed using
the ELISA method. To determine the dilution ratio that cor-
responds to the range of optical density (OD) values of the
standards provided in the kit, a test was performed with dif-
ferent dilutions of one sample from each group. Based on the
appropriate dilution ratio determined from the test, all samples
were diluted with the sample diluent provided in the kit and
processed according to kit instructions. All samples, standards,
and blanks were studied in duplicate, and the average of two
values was used for calculations. Diagnostic Automation, Inc.’s
DA’R800 spectrometer and KC Junior software were used to
determine the optical density values.

Statistical analysis

All data are given as the mean ± standard error of the mean
(SEM). In all experiments, “n” represents the number of
GAERS rats. One-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison test was used for the statis-
tical analysis of the effect of propolis on SWDs (cumulative
duration, number, and mean duration), IL-1β levels by ELISA,
and anxiety scores. Statistical analysis was performed using
Graphpad Prism version 9.0.1 program. *p<0.05 was consid-
ered statistically significant.

RESULTS

The effect of Anatolian propolis on SWDs

Cumulative SWD duration in the 15% (n=8) and 30% propolis
(n=6) groups did not differ from that in the control (n=8) group
(p>0.05; Figure 2A). Anatolian propolis administration had
a significant treatment effect on the number of SWDs (F (2,
21) = 3.922; P=0.039; Figure 2B). The number of SWDs in the
30% Anatolian propolis group (147.8 ± 15.80) was significantly
lower than that in the control (206.4 ± 14.08) group, as revealed
by Tukey’s multiple comparison test (P=0.039, Figure 2B).
No significant change was observed in the mean duration of
individual SWDs when comparing the propolis groups with
the control group (p>0.05, Figure 2C).

Figure 2. The effect of Anatolian propolis on absence seizures (SWDs). Effect
of treatment with Anatolian propolis (15% and 30%) on cumulative SWD
duration (A), number of SWDs (B), mean duration of individual SWD (C).
*p<0.05, One-way analysis of variance, Tukey post-test. Data were expressed
as mean±SEM.

Effect of Anatolian propolis on IL-1β levels

To evaluate whether Anatolian propolis administration affected
neuroinflammation in GAERS, we measured IL-1β levels in
brain tissue using ELISA. Anatolian propolis administration
had a significant treatment effect on IL-1β levels (F (2, 21)
= 3.341; P=0.048; Figure 3). Anatolian propolis at 30% con-
centration significantly reduced IL-1β levels (184.3 ± 15.15)
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compared with the control (265.1 ± 33.04) group (P=0.034;
Figure 3), as revealed by Tukey’s multiple comparison test.
Anatolian propolis at a 15% concentration also reduced IL-1β
levels, but this change did not achieve statistical significance
(p>0.05; Figure 3).

Figure 3. The effect of Anatolian propolis on IL-1β levels. Effect of treatment
with Anatolian propolis (%15 and %30) on brain IL-1β Levels in GAERS, *
p<0.05, One-way analysis of variance, Tukey post-test. Data were expressed as
mean±SEM.

Effect of Anatolian propolis on anxiety levels

After propolis administration, we compared the effect of propo-
lis on the time spent in the open and closed arms to estimate
the anxiety level of GAERS rats. No significant change was
observed in the time spent in the closed and open arms in
the propolis groups compared with the control (Figure 4A-B,
p>0.05).

DISCUSSION

In the present study, oral administration of 30% Anatolian
propolis (180 mg/kg/day) reduced the number of SWDs by
decreasing brain pro-inflammatory cytokine; IL-1β levels in
GAERS after 35 days of sub-chronic administration. However,
propolis treatment did not change the anxiety levels in terms
of the time spent in the closed and open arms. This is the first
study to demonstrate the effect of Anatolian propolis on SWDs
and brain IL-1β levels in GAERS.

Limited data have demonstrated that propolis significantly at-
tenuates seizures in temporal lobe epilepsy rat models (Kwon et
al., 2004). This effect has been attributed to the neuroprotective
and anti-inflammatory effects of propolis (Kwon et al., 2004;
Mannaa, El-Shamy, El-Shaikh, & El-Kassaby, 2011; Kulkarni,
Vaidya, Narula, & Sharma, 2021; Zulhendri et al., 2021). Our
results also confirmed these findings, suggesting that the ef-
fect of propolis on absence seizures in the GAERS model may

Figure 4. The effect of Anatolian propolis on anxiety levels. Effect of treatment
with Anatolian propolis (%15 and %30) on time spent in closed (A) and open
(B) arms. One-way analysis of variance, Tukey post-test. Data were expressed
as mean±SEM.

be associated with its anti-inflammatory properties, potentially
mediated by a decrease in the pro-inflammatory cytokine IL-
1β.

Considering that the exact substance in propolis that is re-
sponsible for this effect has not yet been identified, CAPE is
a possible candidate (Kulkarni et al., 2021). Anatolian propo-
lis composition differs from other propolis samples and boasts
an exceptionally rich content of phenolic constituents, notably
CAPE, which is renowned for its neuroprotective potential due
to its anti-inflammatory and antioxidant properties (Altuntaş et
al., 2023). The anti-inflammatory and antioxidant properties of
Anatolian propolis containing high levels of CAPE might play
a significant role in attenuating absence seizures in GAERS.
Further studies investigating the specific role of CAPE in ab-
sence seizures might provide better insight into the involvement
of neuroinflammation in absence epilepsy.

The increase in the expression of the pro-inflammatory cy-
tokine IL-1β was shown to be linked to the onset of absence
seizures in GAERS. In rat models of genetic absence epilepsy,
there was an observed tendency for the expression of IL-1β to
increase before the onset of seizures. (Akin et al., 2011). Our
data showing the reduced IL-1β levels in Anatolian propolis-
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treated GAERS demonstrate that blocking IL-1β biosynthesis
as a specific anti-inflammatory approach that may be helpful for
managing absence epilepsy. Research further supports this by
showing that in the GAERS model, a specific anti-inflammatory
approach suppressed the progression of absence seizures and
comorbid depressive-like symptoms. This approach involved
blocking the IL-6 signaling pathway using tocilizumab, a mon-
oclonal antibody targeting the IL-6 receptor (Leo et al., 2020).
In line with previous studies, levels of IL-6 and IL-8 in the CSF
fluid were found to be linked with childhood absence epilepsy in
humans (Billiau et al., 2007), and valproic acid treatment lowers
plasma levels of IL-6 in children with tonic-clonic generalised
seizures (Steinborn et al., 2014). Addressing pro-inflammatory
cytokines and chemokine could offer a promising avenue for
developing targeted anti-epileptogenic therapies aimed at man-
aging non-convulsive epilepsy and related neuropsychiatric co-
morbidities.

There are studies showing the anxiolytic effects of propolis
(Reis et al., 2014; Da Silveira et al., 2016) in experimental ani-
mals. In the present study, however, anxiety levels did not differ
between the propolis administration and tap water-treated con-
trol groups. This finding could be attributed to variations in the
experimental setup for measuring anxiety levels or the duration
of propolis treatment. Longer treatment protocols with propolis
extract or CAPE may reveal promising effects on anxiety levels
in GAERS.

As confirmed by our findings, previous studies have largely
demonstrated the beneficial effects of bee products, such as
propolis, on various health conditions, including their antioxi-
dant, anti-inflammatory, and neuroprotective properties. How-
ever, emerging evidence shows that not all bee products exert
beneficial effects. For instance, Kuru et al. (2014) explored
the effect of toxic honey, specifically grayanotoxin-containing
honey, in genetic absence epilepsy rat model (Kuru et al., 2014).
Bees that feed on the nectar of certain Rhododendron species
produce this type of honey, also known as "mad honey." The
intracerebroventricular administration of toxic honey led to gen-
eralised seizures in both GAERS and non-epileptic Wistar rats.
This finding is particularly intriguing because it highlights the
dualistic nature of bee products, in which certain types can
intensify rather than alleviate seizure activity. Our study un-
derscores the importance of considering the specific type and
source of bee products when evaluating their neurological ef-
fects. It also emphasises the need for rigorous chemical char-
acterisation and standardisation of bee products used in experi-
mental settings. Thus, although the therapeutic potential of bee
products is promising, it is crucial to recognise and account
for the variability in their chemical composition and biological
effects.

CONCLUSION

Overall, Anatolian propolis (30%) treatment reduced pro-
inflammatory cytokine (IL-1β) levels in GAERS but did not
modify anxiety levels. The potential effects of Anatolian propo-
lis in absence seizure and anxiety have not been evaluated in
GAERS, and thus, this study constitutes original findings on
this promising relationship with the anti-inflammatory effect
of Anatolian propolis and absence seizure in epilepsy. On the
other hand, addressing some limitations in the current study
may provide a better understanding of the anti-inflammatory
effects of Anatolian propolis. We suggest that measurement
of plasma IL-1β levels along with brain sample measurements
may be more supportive of the correlation between the systemic
and local anti-inflammatory effects of Anatolian propolis treat-
ment. Further investigation to understand the neuroprotective
effect of Anatolian propolis in relation with absence seizure
will be an intriguing research target in favour of epilepsy and
its associated neuropsychiatric comorbidities.
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