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Abstract

Status epilepticus (SE) is a common neurological disorder with repeated convulsions that persist for 30 minutes
or longer in children and the elderly, leading to neuronal damage in the brain if it is not controlled. The lithium-
pilocarpine (Li-Pc) model of SE is the most suitable and frequently used method for pathophysiological changes
of SE.
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1. Introduction

Epilepsy is a neurological disease characterized by spontaneous seizures caused by focal or generalized
paroxysmal changes in neurological function by abnormal activity in the cortex. It affects approximately 1 % of
the world population. It is a common and serious neurological disorder. (Ahl et al.2016). The incidence of epilepsy
in childhood and elder ages was observed at the highest levels (Seino 2006, Ahl et al.2016, Alverez —Croda et al.
2016, Scorza FA, et al.2009). Epilepsy affects around 50-70 million people in the world and 20-30% of them have
seizures that cannot be controlled with every day anti-epileptic drugs (Marangoz 1997, Akpinar 2014).

Although many studies have been done on this subject, the underlying mechanism of epilepsy is still unclear.
Since the etiology of epilepsy varies, it may arise due to a brain infection, trauma, ischemia, tumor,
neurodegenerative disease or genetic disposition (Ahl et al.2016, Scorza FA, et al.2009, Abad RS-C etal. 2007,
Tian Q, et al.2016). Epilepsy is a serious neurologic disease and there are a lot of numbers type of seizures. We
are especially interested in status epilepticus. the status epilepticus is a special type of epilepsy which is
characterized by a lasting seizure 30 minutes. Status epilepticus is a type of epilepsy which is threatening of life
and regarded emergency with considerable mortality and morbidity. Although there is a controversy about the
duration of seizures in the status epilepticus among researchers, status epilepticus is a disease characterized by a
single seizure activity lasting 30 minutes or longer. (Akpinar 2014, Su J et al.2015, Maytal 1989, Tatl et al 2005,
Shinnar et al.1992). SE is a disease that must be diagnosed and treated quickly both because of being life-
threatening and causing serious neurological damage (Alverez —Croda et al. 2016, Shinnar et al 1992).

In the brain of people with epilepsy, CA1 and CA3 neurons and maybe CA2, CA4 neurons in the hippocampal
region, are considered to be “pacemaker” centers. Especially, some part of the hippocampal area (such as the CA1,
CA3 areas, and dentate gyrus) is the most vulnerable region to neuronal damage produced by lithium-pilocarpine.
It was detected that it is especially neurodegeneration in the CA1 and CA3 areas (Alverez —Croda et al. 2016
Zaidel et al .1993,Ahmad M 2013). These areas in the hippocampus are the areas that play the most active role in
learning (Ahmad M 2013, Vorhess et al.2006,McCormick et al.2003). Therefore, researchers have concentrated
on these areas of the hippocampal slices. Thus, damages that occur in these areas after epileptic seizures affect
learning negatively (Alverez —Croda et al. 2016, Zaidel et al .1993, Ahmad 2013, Alaa et al.2018).

Propolis is a resinous substance that is obtained from honey bees. It is known that it has anti-microbial, anti-
oxidative, antiviral, antifungal and anti-tumoral properties. Propolis contains polyphenol (flavonoids, phenolic
acids, and other esters) terpenes, a number of chemical components. Through the studies, it has been shown that
propolis which has anti-oxidant properties, protects the brain from various neuron based diseases (Khalil ML
2006,Scorcin Jm 2016,Farooqui et al 2012). These findings suggest that propolis may have a significant impact
on the prevention and treatment of SE.

Our aim in this study is to detect how status epilepticus, which is more common in older ages and in childhood,
affects spatial memory and whether propolis, which has important functional and regulatory effects, has a
therapeutic or protective influence on spatial memory in the epileptic process.

2. Materials and Methods
In this study, 12-week old 50 Sprague-Dawley female rats of 200-300 grams were used. The rats were divided into
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5 groups:

The experimental animals were kept at 21 £ 1 °C temperature and were subjected to 12-hour light / dark
cycles. The rats were expected to get used to each other and the environment in 3 days. The rats were fed ad
libitum. The experiment was conducted in accordance with the recommendations of the ethics committee of Inonii
University.

2.1. Preparation of propolis
The Propolis used in the present study was collected from hives located in the rural of Anatolia and prepared to
according to Alves de Lima et.al (2005). Dissolved substances were put into volumetric glass flasks and kept in
the refrigerator at +4 °C.

Animal of the experimental groups (second, third and fourth) was administered 0.012 mg//kg the extract of
propolis each day.

2.2. Induction of Status epilepticus by lithium and pilocarpine

All experimental groups of animals, except the control group, received lithium chloride (3 mg/kg, i.p. Alfa-Aesar
Germany ) 24 h before the administration of pilocarpine, and plus except control group, all experimental groups
of animals were administered 30 m/kg pilocarpine dose i.p (Alfa-Aesar -Germany Li LY et al 2013). Behavioral
assessment of seizure was evaluated according to the Racine scale, the animals were considered to have progressed
on to SE when stage V was observed. video record was used to for behavioral assessment for first hours after
pilocarpine injection. the scoring was based on the Racine Scale as described by Racine with following stages:
(0), no abnormality; (1), mouth and facial movement,(2), head nodding; (3), Forelimb clonus; (4), Rearing ;
(5),Rearing and following.(Druga et al 2003, Costa —Ferro et al . 2014). Diazepam (25mg/kg) i.p.) was
administered 30 min after the onset of SE, to block seizure(Qashu et al. 2010).

2.3. Experimental groups
The following experimental groups were studied;

Group 1: (n10) Control group

Group 2 (n10) Propolis extract, 0.012 g / kg + (after 1 week) + lithium 125 mg / kg i.p (after 24 hours) +
pilocarpine 25mg / kg i.p

Group 3 (n = 10) Lithium + pilocarpine diazepam (5 mg / kg) + propolis extract

Group 4 (n = 10) Lithium + pilocarpine + propolis extract

Group 5 (n = 10) Lithium + pilocarpine (epileptic group)
The rats were anesthetized with intraperitoneal ketamine (90mg/kg) and Xylazine (10mg/kg) and the end of the
procedures animals were sacrificed .Emre et al.2009).

2.4. Morris water maze
The Morris water maze was developed in 1984 by Richard G Morris for the evaluation of visual-spatial learning
in animals. It also has been used to assess the cognitive function of the variety of epilepsy models in the animals.
It is a circle pool and size of it may change according to animals used to in the experimental. It was filled with
clear tap water (22 £ 1 °C ) before starting the experiment. the platform which stainless steel, was placed 2 cm
below water level and the water was made opaque by the nontoxic paint the addition which prevented visualization
of the platform (Mixol- Diebold GmbH- Germany).the surface is covered with a cloth to make it easier for animals
to hold onto the platform. Four points on the rim of the tank were designated north, south, east and .west. Thus
dividing the pool into four quadrants. some geometric shapes were attached to the walls of the room so that the
experiment animals could learn the poles of the Morris water maze (Vorhees et al.2006, Morris 1984).
Experimental animals were subjected to four trials a day for 5 days, and a platform is taught in an invisible
pool (Vorhees et al.2006, Morris 1984). Their performances in 4 days enable us to evaluate the working memories
of the subjects. The platform is removed from the pool for recall test on the 5th day and reference memory is
evaluated by recording the time the subject spends in the quadrant where the platform is located (Vorhees et
al.2006, Morris R 1984)

2.5. The period for adjusting the rats to the Morris water maze

To monitor, record and analyze the movements of the rats in the maze, a computerized video camera system
(Ethovision, Noldus) was used. The paths on the first 4 days of the learning process of a rat in the Morris water
maze and on the 5™ day probe-test are shown in Figurel.
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5™ day (Probe-test)

Figure 1. The paths on the first 4 days of the learning process of a rat in the Morris water maze and on the 5th
day probe-test.

2.6. Morris water maze spatial memory test data of the test groups after SE

While giving Lithium-pilocarpine to the experiment groups and monitoring the status epilepticus seizures in rats,
the Morris water maze learning test, which was performed on the same day before the experiment, was performed
after creating the experimental models. Except for the control group, each rat was allowed to swim for 4 times
from 4 different quadrants in the Morris water maze. The time the rats spent in the quadrant, their time reach to
the platform and their distance to the platform were measured and recorded by a video camera system in Figure 2.
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Figure 2. The path of an epileptic rat in a Morris water maze.
After all the processes, aqueous propolis extract was given every day via oral gavage to the 3rd and (the) 4th

groups for amonth. The extract was strictly administered at the same hours each day. This operation was performed

on only two groups and was monitored with the aim of determining the protective or therapeutic efficacy of

propolis with respect to time as well as determining the differences with respect to the other groups within this

time.

2.7. Morris water maze test data for the experimental groups which were given propolis

After giving propolis via oral gavage for 1 month to the 3rd and 4th experimental groups, the Morris water maze
test was performed once again, in order to determine the changes that occurred in the learning and memory of
these groups. Images were recorded by a video camera system in Figure 3.

0 —

Before Propolis After Propolis
Figure 3. Comparison of propolis given period with seizures.

2.8. Histological Assessment

The hippocampus tissues gained at the end of the experiment were identified in 10% formaldehyde. The tissues
were washed in tap water and eventually, they were embedded in paraffin blocks after the dehydration and
polishing processes.

4-5 pum thick sections were taken from the paraffin blocks. Deparaffinization and rehydration processes were
performed. Then, hematoxylin-eosin (HE) staining method was applied to the sections (Suvarna et al 2012).
Stained preparations were analyzed by a Leica DFC-280 research microscope.

A Leica Q Win image analysis system of 40 X amplification was used to evaluate the degenerative changes
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in neurons and neuron loss in the hippocampus pyramidal layer (in the cytoplasm and nucleus) for each of the
preparations. According to this; the degree of damage was scored as; 0: solid, 1: mild, 2: moderate, 3: severe.
(Brywe,et al 2005, Sharma et al. 2008).

2.9. Statistical analysis

Statistical analysis was performed using SPSS 12.0 for Windows software. The Data were expressed as the mean
+ standard error. The quantitative data related to these variables do not show the normal distribution and were
tested by the Shapiro-Wilk normality test (p <0.05).

For the comparison of data between the groups that were subjected to the Morris water maze test, the Mann-
Whitney U test was used. It was considered statistically significant (p <0.05). Histological findings for the
evaluation of statistical analysis were performed with SPSS statistical software (SPSS for Windows version 17).
All data were expressed as arithmetic mean = SD. Mann-Whitney U test was used for comparisons between groups.
It was considered to be significant (p <0.05).

3. Results

3.1. Morris water maze test results before the experiment

Before applying the experimental protocol, the rats were trained for four days and during this protocol, the time
the rats in all groups spent in the quadrant and the distance to reach the platform were measured.

In the Morris water maze test exercises, the time they spent in the quadrant for all the groups is shown in
Table 1. Although the time of stay in the quadrant was short for all groups on the first day, it was established that
there is a significant increase in the time of stay in the quadrant on the 2nd, 3" and 4% days(p <0.05). It was
detected that the time that rats spend in Southwestern quadrant (SW), where the platform is, increases on the 2nd,
3rd, and 4th days (p<0.05).

When results for all groups from probe-trial test, where the quadrant was removed, were compared with the
results of the first 4-days, it was found out that the time to reach the platform on 5th day decreases and, the time
spent in the quadrant increases as compared to the other days (p <0.05).

Table 1.The time spent in the quadrants before Morris water maze for all groups (mean =+ standard error)

Days Northwest (NW) Northeast Southwest Southeast
(NE) (SW) (SE)

1s t day 1.9340.16 2.43£0.17 2.72+0.14 3.65+0.12

2nd, 3rd, and 4th| 2.56+0.083 3.07+0.37 4.63+0.16 2.46+0.06

days

5th day 6.26+0.33 5.24+0.26 6.32+0.28 5.44+0.31

Table 2. The paths before Morris water maze test exercises and 5th day of probe trial tests for all groups (mean +
standard error *p<0.05).

The path took for target quadrants
Days (cm)
1s t day 1572.09+51.55
2nd, 3rd and 4th days 855.6+£26.9*
5th day 245.9+16.85%*

3.2. Evaluation of results of the Morris water maze test after the experiment
After the test protocols applied, the results received from the Morris water maze test were compared for all groups.
In the test, the time spent by the rats in each quadrant, the latency to reach the platform and the paths to reach the
platform were evaluated separately.

The time spent in the Morris water maze test quadrants by the control group, the epileptic and propolis group
is shown in Table 3. Time of stay in the quadrant of the rats in the epileptic group (Group 5) was found out to be
significantly shorter than the other groups. (¥p <0.05).
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Table 3. The time spent by the control group, having SE and propolis group in quadrants (mean + standard error).

Northwest | Northeast Southwest Southeast
Groups (n=8) ANW) (NE) SW) (SE)
Control 5.25+0.14 6.60+£0.121 | 6.80+0.132 | 5.65+0.16
Propolis+lithium+pilocarpine 2.32+1.71%% | 1.0740.36** | 2.19+0.89** | 1.24+0.12%%*
Lithium+pilocarpine+diazepam+propolis 3.23+0.59 3.12+0.34 3.49+0.52 2.52+0.61
Lithium+pilocarpine +propolis 3.1+0.61 3.21+0.41 4.42+0.12 2.23+0.32
Lithium+pilocarpine (epileptic group) 0.31£0.08* | 0.42+0.15* | 0.2+0.12* 0.41£0.16*
Table 4. The time spent in the quadrant by the SE and propolis groups (mean + standard error)
Quadrants Northwest Northeast Southwest Southeast
NW) (NE) (W) (SE)
All groups after SE 2.60+0.133 2.65+£0.16 1.80+0,13 2.25+0.14
Propolis groups 3.12+0,16 3.41+0.18 3.54+0,23* 3.20+£0.51*

Diazepam was injected to the rats in order to stop the seizure activity, ( Group 3 ) and then, propolis was
given by oral gavage. But the seizure activity wasn’t stopped in group 4 and propolis was given by oral gavage
directly. These two groups were compared in terms of the time of stay in the quadrants. There was no statistically
significant difference between them. (p>0.05). When the 3rd and 4th groups were compared with the 2nd group
in terms of the time of stay in quadrants, the time of stay of the 2nd group was significantly lower than the 3rd
and 4th groups and significantly longer than the epileptic group (5th group) (¥ p <0.05). (Table 4). As shown in
Table 5, the latency time to reach the platform and distance covered in the platform for the 3rd and 4th groups
were found to be significantly shorter than for group 2 (* p <0.05).

Table 5. The latency time to reach the platform and distance covered in the platform of SE and propolis groups
(mean + standard error).

All groups after SE IPropolis groups

Latency to reach 34.84£3.76 30.5+£2.66*

the platform (sec)

Distance  covered in  the [37719.5£2160.91 35033.7£1897.9*
latform(cm)

3.3. Histologic Results

In the sections of the control group, neurons located in the pyramidal layer were observed to have normal
morphology. These neurons have round, large and euchromatic nuclei. Since the cytoplasm is painted in bright
colors, it could not be clearly distinguished from the boundaries of neuronal cell bodies in Figure 4, A.

The decrease in neuronal density and neuronal degenerative changes were observed in the G5 group. It was
observed that many of neurons in this group underwent necrosis.

Necrotic neurons, cytoplasm with shrunken and increased acidophility were distinguished by dark-colored
pyknotic nuclei in Figure 4, B and C.

Necrotic neurons were rarely observed in G2, G3 and G4 groups in Figure 4, D, E, and F. Necrotic neurons
were seen the most distinctly in the G2 group. The least neurodegenerative changes were detected in the G4 group.
On the other hand, histopathological scores in the propolis group were found as significantly decreased when
compared to the G5 group, (p<0.05).
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Figure 4. (Control Group); The histological appearance of normal pyramidal neurons observed (arrows), B (G5
Group); Necrotic neurons, cytoplasm with shrunken and increased acidophility and distinguished by dark colored
pyknotic nuclei (arrows), C (G5 Group); reduction in neuronal density (asterisk), D (G2); is observed to persist
necrotic neurons (arrows), E (G3 Group) and F (G4 Group); necrotic neuronal density (thick arrows) decreases.
H-E X40.

Tablo 6. Histopathological score of groups.
Kontrol GS G2 G3 G4

a. Statistically, a significant increase when compared to the control group (p <0.05).
b. Statistically, significant decrease when compared to the G5 group (p <0.05). c.
Statistically, significant decrease when compared to G2 (p <0.05).
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4. Discussion

The Effects of propolis on learning and spatial memory

According to the results of this study, it was determined that propolis reduced the oxidative stress which increased
the production of reactive oxygen species but it also increased the protective mechanism of the neuronal cells,
which is sensitive to the harmful effects of lithium-pilocarpine.

After experimental SE model was created, the Morris Water Maze test protocols were applied to rats of the
experimental groups. The results of all the groups were compared. The time of stay of the rats in the quadrant was
found to be significantly shorter in the epileptic group (Group 5) (* p <0.05) when compared to control group and
the groups that were given propolis (3' and 4" groups). On the other hand, the path and the time spent to reach
the platform was statistically significantly longer in group 5 than the other groups.

This result was consistent with the histological score because lithium-pilocarpine induced serious damage to
the hippocampus, especially in the CA1 and CA3 areas of the epileptic group. table. 6. Therefore, the rats in the
epileptic (group 5) traveled a longer path to arrive at the platform than the other group, because there were several
neuronal losses in group 5.

Differences in the findings of the study groups recorded from both Morris water maze and histological scores
showed that propolis has therapeutic effects against the harmful effects of lithium-pilocarpine.

Status epilepticus (SE), due to seizure activity longer than 30 mins, is known for its negative impacts on
neuronal and psychosocial development during childhood and older age (Akpinar 2014,Su et al. 2015 Maytal et
al.1989,Tath et al 2005,Shinnar et al 1992). This situation brings along the learning disability. Many studies on
epilepsy have shown that neuronal losses have occurred especially in the CA1, CA3 regions of the hippocampus,
the dentate gyrus, and the amygdale that have led to disorders of learning and memory (Zaidel et al 1993Costra-
Ferro et al.2014,Bertram 2009, Miiller et al.2009).

Propolis has been used in medicine in different parts of the world for a long time. It is a resinous substance
that is obtained from honey bees; it is a substance known to have anti-microbial, anti-oxidant, antifungal, antiviral
and anti-tumoral properties. In studies, especially considering the antioxidant properties of propolis, it has been
shown that it protects the brain against a variety of diseases of neuronal origin such as MS and Alzheimer's (Khali
2006,Scorcin 2016,Farooqui et al.2012,Inokuchi et al.2006,Ni et al. 2017). It makes us think that propolis may
have an effect so as to heal the damages of SE on learning and spatial memory and it may also have protective
effects against SE.

Many studies have been done on the effect mechanism of propolis. However, the effect mechanism of propolis
has not yet been completely understood because the chemical composition of propolis contains 300 different
substances such as flavonoids and phenolic acids. Therefore, the protective effect of propolis can be obtained
through different mechanisms. For example, free oxygen radicals can be removed from the environment or the
production of free oxygen radicals may be reduced, etc.( Khali 2006,Scorcin 2016,Farooqui et al.2012,Emre et al
2009, Inokuchi et al.2006,Ni et al. 2017, Bankova et al 2018,Pasupuleti et al 2017).

Although there are many studies about propolis’ effects on epilepsy, not all of them include its effects on
learning and memory regarding people with SE. In our study, rats in all groups were compared after creating SE
experimental models and control groups by using the Morris water maze and the changes that have occurred in
spatial memory were evaluated. Our findings support the reported findings on literature (Khalil 2006,Farooqui et
al.2012, Inokuchi et al.2006,Ni et al. 2017). In addition, we evaluated whether propolis was effective on the
damages that occur after epileptic seizures on the neurons in the CA1l and CA3 sections of the hippocampus or
not.

In the Morris water maze test exercises, the time spent in the quadrant of all groups is shown in Table 1. On
the first day, while the time spent in the quadrant was short for all the groups, it was seen that there was a significant
increase in the time of stay in the quadrant on the 2nd, 3rd and 4th days (p <0.05). It was also detected that the rats
spent more time on the 2nd, 3rd, and 4th days in the southwestern (SW) quadrant, where the platform is located
(p <0.05).

When the results of all groups from probe-trial memory test when the platform was removed on the 5th day,
were compared with the results of the first 4-days of training period, it was found out that the path to reach the
platform was shorter and the time spent on the target quadrant was longer on the 5th day, (p <0.05).Table 1. The
difference between the findings at this stage of the study reflects between the working memory and the reference
memory which obtained via training.

After the creation of the experimental model of SE, Morris water maze test was performed for all the groups
of rats and compared in terms of the time spent in the quadrant. The time spent was significantly longer in the
control group and propolis treated group (3rd and 4th group) than in group 5 (epileptic group) . Table. three, four
and five respectively. On the other hand, the path to reach the platform and the time is taken to reach the platform
was significantly longer in the fifth group than in the other groups. Table. four and five. It is possibly because of
the damage created by pilocarpine on certain areas in the hippocampus. As noted in the histological sections,
another finding which supports this situation is the decrease in epileptic Sth group cytoplasm of neurons,
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acidophilic and pyknotic nucleus which were distinguished by necrotic neurons and neuronal density in the
hippocampus (Figure 1 C). Our results show similarities to the results of the other researcher (Alverez —Croda et
al 2016, Scorza et al 2009 ,Ahmad 2013, Contreras-Garcia et al.2018 ).

According to the results of the 3™ and 4™ groups which were treated with propolis for a month after SE
seizures and the 2" group which was given propolis before the experiment, propolis was detected as being effective
on learning and memory. According to the results of the Morris water maze test, the time spent in quadrants for
the 3" and 4™ groups were found to be longer than for group 2 and the path and time spent to reach the platform
were found to be shorter.table. three and four. The damages that occurred in the hippocampus due to lithium and
pilocarpine disappeared in groups (3rd and 4th groups), which were given propolis after an epileptic seizure.
Necrotic neurons (Figure 1 D) were monitored in group 2 most obviously, the least neurodegenerative changes
were detected in Group 4 (Figure 1 F). It may be considered that propolis has a reducing effect on
neurodegenerative changes after seizure activities especially in the hippocampus because of the chemical
components it has, such as polyphenols, terpenoids, steroids, amino acids (Ahmad 2013,Khalil 2006, Farooqui et
al 2012 Inokuchi et al 2006,Ni et al 2017). However, neurodegenerative changes in hippocampus do not improve
significantly in the 2nd group which was given propolis before the experiment when compared to the 3rd and 4th
groups. It reveals that propolis has a higher therapeutic efficiency after the seizure rather than protective effects.

According to the epileptic group (Group 5), the time spent in the target quadrant was found to be longer for
the rats in the experimental group 2(Table three). Our results show parallelism with the results in the literature in
terms of the time spent to reach the platform and the time of stay in the quadrant for both the control group and all
the other groups (Ahmad 2013, Miiller et al.2009, Faure et al. 2013). On the other hand, according to epileptic
group 5, the histopathological scores in the propolis group were found to be significantly reduced (Figure 1 E and
F). Possibly, it is thought to be related to the damage created by lithium and pilocarpine in the hippocampus. Also.
the density of neurons decreased in the hippocampus. Additionally, neurodegenerative changes in neurons of group
2 in histological sections were observed to decrease statistically significantly when compared to the 5 group. This
shows that propolis definitely has a protective efficiency before seizures.

5. Conclusion

According to our results, neuronal damage caused by lithium + pilocarpine was repaired by propolis. This is
probably achieved by scavenging free radical or reducing the production of free radicals that cause damage to the
neuronal cells around them. Our study reveals that if propolis is used as an antiepileptic drug or with an
antiepileptic agent, it can be useful in the treatment of SE and can reverse neurological damage. We also want to
study the effect of propolis on the different type of epilepsy and different aged of people with epilepsy disease.
Therefore, the future research will concentrate to explain on the effect mechanism of propolis.
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