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Simple Summary: The aim of our study was to test the immunostimulating effect of a diet with
hemp extract on the resistance of the honey bee (Apis mellifera). The experiment compared the
effect of supplementation between the bees receiving the extract in the form of a mixture with
sugar syrup and on the strip with the extract, compared to the bees that had no contact with
substance. In order to determine this effect, the biochemical indicators were analyzed: the proteolytic
system (proteases, protease inhibitors, total protein concentration) responsible for the fight against
pathogens/parasites, biomarkers (ALT, AST, ALP), and the basic components of metabolism (glucose
and urea concentrations). Parameters were determined in the hemolymph of 2- and 7-day-old
workers. Hemp extracts caused an increase in the protein concentrations. Regardless of the method
of administration, proteases decreased. Protease inhibitors increased, except supplementation on
strips where the activity decreased. The biomarker activities increased in the control group and
workers feeding extract in syrup and decreased in workers supplemented with the extract on strips.
The results of the metabolic component were as follows: glucose and urea concentrations indicate
that the extract will not adversely affect metabolic changes in the insect’s organism. Hemp extract
improves the natural immunity of bees.

Abstract: In the study, we assessed the effect of hemp extract on activities of resistance parameters
and the metabolic compound concentration in adult workers” hemolymph. Bees were divided into
the following groups: (1) control group fed with mixture of sugar and water-glycerine solution,
(2) experimental group with pure sugar syrup and inside with cotton strips soaked with hemp
extract, (3) experimental group with a mixture of sugar syrup with hemp extract. Hemp extracts
caused an increase in the protein concentrations and reduced the protease activities regardless of
the administration method. The protease inhibitor activities were decreased only in the group that
received hemp extract on the strips. The biomarker activities (ALP, ALT, AST) increased from the
control group and workers feeding extract in syrup and decreased in workers supplemented with
the extract on strips. In young, 2-day-old workers, the glucose concentration was higher in the
groups feeding with the extract than in the control. Hemp extract influenced an increase in urea
concentrations in workers” hemolymph in comparison with the control. The hemp supplementation
positively influences the immune system of workers, and the appropriate method of administration
may be adapted to the health problems of bees.

Keywords: hemolymph; bees’ resistance; immunity of insect; hemp extract; supplementation of bees;
glucose; urea; proteolytic enzymes; biochemical pathway; pollinators; biochemistry

1. Introduction

Entomofauna is one of the most represented groups of living organisms on Earth,
and the same organisms are the most endangered. Some insect species have been in close
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relationships with humans for many centuries. One of these species is the honey bee
(Apis mellifera) [1]. It is estimated that insects contribute to the pollination of as much as
80% of plants that are food sources. Nowadays, this ecological service plays a key role
in providing enough food for the constantly growing human population [2]. For over a
dozen years, significant declines in the bee population have been recorded throughout
the world. In order to minimize these effects, beekeepers decide to use medicinal or
preventive substances to stimulate the bees” organism against possible dangers. Therefore,
the search for supplements/biostimulants/compounds that will strengthen bees” immunity
began. Many substances and compounds with a unique composition have been tested,
such as resveratrol, spirulina, vitamin C, caffeine, propolis, and dietary additives such as
yeast, soybean meal, and pollen substitutes [3-9]. Compounds of plant origin (resveratrol,
spirulina, caffeine) and the indicated dietary additives showed a positive effect on the
organism of bees, mainly by extending lifespan or in the case of studies conducted by
Strachecka [6], additionally stimulation of the activity of the proteolytic system and/or
stimulation of the activity of antioxidant enzymes which counteract the aging of the
organism was noted [3,4]. In the case of bees fed with spirulina, there was an increase in
physical values, i.e., weight or an increase in abdominal lipids and proteins e.g., in the
head part [4]. Supplementation with vitamin C increased the activity of the antioxidant
system, reducing losses after winter by up to 33% compared to control groups [5]. Other
dietary supplements usually led to an increase in protein concentration or extending
the lifespan [7,8]. One of such substances may be hemp extract, which, thanks to the
content of active substances from the cannabinoid group, is widely used in medicine
as an agent that affects the nervous system (epilepsy, multiple sclerosis) and has a high
antioxidant potential (supporting the regeneration of the body after exposure to degrading
factors) [10-12]. Hemp (Cannabis sativa) is the most known and widespread species of hemp
cultivated for various purposes and used in many industries and environmental protection.
The main active compounds include: cannabidiol, cannabichromene, cannabigerol, A9-
tetrahydrocannabinol, and cannabinol [12,13].

The extract is mainly used in cases of multiple sclerosis; drug-resistant epilepsy; pain
during cancer; phantom, post-traumatic, and chronic pains; and side effects of treatment
with chemotherapy/radiotherapy and Alzheimer’s diseases (Scheme 1) [10,11,14].
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Scheme 1. Use of cannabis extract. Hemp in various forms has been tested in the treatment of many neurological,

psychological, cancer, viral, and metabolic diseases [11,14-17].
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Its beneficial properties have been tested on other insects, e.g., Galleria mellonella [18].
Due to the above-mentioned properties, the extract may prove to be a good solution in solv-
ing problems with individual factors of the phenomenon of colony collapse disease—CCD.
Therefore, the aim of our research was to determine the influence of hemp extract on the ac-
tivities of the proteolytic system and enzymatic biomarkers as an element of bee resistance
and also their vitality [19-21]. The proteolytic system composed of proteases and their
inhibitors in the bee’s organism is responsible for inactivating pathogens by destroying
their proteins (proteases) or by inhibiting the activity of their proteolytic enzymes (protease
inhibitors) acting on immune proteins in insects. Their activity supports bees in their
fight against factors that have a negative impact on their health [22,23]. The biomarkers
selected for this experiment are intended to help characterize the supplement’s effect by
providing information on the level of damage and the severity of apoptosis in key immune
tissue cells such as the fat body and hemolymph. The severity of damage is especially
visible in older bees, whose tissues are subject to degradation and general inflammatory
changes [24,25]. Damage causes the activation and release of specific enzymes to the exter-
nal bee’s body environment, which is reflected in changes in the biochemical levels of the
hemolymph [25,26]. The tested glucose and urea concentrations provide with information
on the effect of the supplement on the metabolic changes of sugars (glucose concentration)
and proteins (urea concentration) [13]. Additionally, the evolution of beekeeping presents
scientists with new challenges. The expanding offer of medicinal substances and methods
of their administration forces scientists to carry out more extensive analyses. Therefore,
in the experiment we used two methods of administering the extract; the first method
consisted of fabric strips, often used in the treatment of varroosis disease, and the other
one using a 1:1 sugar syrup mixture with the test substance (hemp extract).

2. Materials and Methods
2.1. Cages Part

The experiment was carried out with 1-day-old worker bees (A. mellifera carnica; col-
lected from an apiary belonging to the University of Life Sciences in Lublin-51°13'31" N,
22°38/07"" E), which were prepared according to the method of Strachecka [27]. Bees were
settled into 30 wooden cages (40 bees/cage) with a volume of 576 cm® each (12 x 12 x 4 cm3,
length /height/width), with a sliding front window, air vents located on the side, and a
feeder (a syringe with a modified adaptor) on the top. Optimal conditions were guaranteed
in an air-conditioned chamber-constant temperature at 35 °C and 65% relative humidity.

The cages were divided into the following groups:

(1) control group fed with mixture of sugar and water-glycerine solution in a 1:1 ratio
ad libidum

(2) experimental group with 1:1 pure sugar syrup ad libidum and inside with cot-
ton strips soaked with 3 mL hemp extract (0.25 g pure hemp paste extract +3 mL
water-glycerine solution)

(3) experimental group with a mixture of sugar syrup 1:1 with hemp extract ad libidum
(500 mL water-glycerine solution with 4.38 g hemp paste extract)

The water-glycerine solution used in this examination is from Chempur, no. of
standards: BN-76/6193-12. The hemp extract was sourced from the manufacturer Melissa.

For each group, 10 randomly selected cages were allocated. In each of the three
groups, workers from cages were used for biochemical analyses (Scheme 2). The procedures
described below were started 2 days after start of worker feeding (1-day-old bees).
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Scheme 2. Scheme of collecting samples in experiment.

2.2. Analytical Part

In each of the groups, fresh hemolymph was taken (puncturing the venous sinus in the
insect abdomen into a glass capillary) twice from 10 living workers at age 2- and 7-day [25].
Hemolymph from each bee was separately placed in a sterile Eppendorf tube (hemolymph
from one bee = one Eppendorf tube) containing 200 pL of ice-cooled 0.6% NaCl. The
samples (3 groups x 2 sampling x 10 workers) were immediately refrigerated at —25 °C
for further biochemical analyses. For more details, refer to the Strachecka method [6,28].

The following biochemical analyses were performed in the hemolymph from individ-
ual samples:

(1) Total protein concentration was determined using the Lowry method, as modified by
Schacterle [29,30];
(2) Proteolytic system activity was determined as follows:

. activities of acidic, neutral, and alkaline proteases according to the Anson
method modified by Strachecka and in L.o$ [23,25,31,32];
. activities of natural inhibitors of acidic, neutral, and alkaline proteases accord-

ing to the Lin method [33];

(3) Activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP) using monotests from Cormay (Lublin, Poland) according
to the manufacturer’s procedure (methodological details in: File S1);

(4) Concentration of urea and glucose using monotests from Cormay (Lublin, Poland)
according to the manufacturer’s procedure (methodological details in: File S1).
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3. Statistical Analysis

The results were analyzed using Statistica formulas, version 13.3 (2017) for Windows,
StatSoft Inc., Tusla, OK, USA. The mixed-model two-way ANOVA followed by post hoc
Tukey HSD tests (p = 0.05) were used to compare the results for each basic immunity system
parameter (total protein concentration, protease activities, inhibitor protease activities,
biomarker activities, urea and glucose concentration) of honey bee workers depending
on the method of administration (strip and syringe) and the day (2 day and 7 day) of
supplementation with hemp extract.

4. Results

Protein concentrations increased with age of workers in all groups (Figure 1). Hemp
extracts caused an increase in the protein concentrations in the hemolymph of workers.
Higher values were always observed in the group that was administered it in the syrup.
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Figure 1. Protein concentrations in the 2- and 7-day-old workers” hemolymph after two methods of supplementation with
hemp extract: C—control (pure sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips (Two-Way ANOVA:
supplementation method: F; 59y = 62.085, p = 0.000; days of supplementation: F(; 59) = 2266.3, p = 0.000; supplementation

method*days of supplementation F(, 59) = 2.2833, p = 0.11089).

The protease activities as well as acidic and alkaline protease inhibitor activities
increased with age of workers (Figures 2 and 3). The extract reduced the protease activities
regardless of the administration method. The protease inhibitor activities were decreased
only in the group that received hemp extract on the strips. A greater effect of the extract
was observed after administration in syrup than in strips compared to the control.

The biomarker activities increased with age of workers in the control and in those
supplemented with the extract in syrup and decreased in workers supplemented with the
extract on strips (Figure 4). Activities of biomarkers were lower in the group with cannabis
on strips than other groups.

The glucose concentrations increased with age of workers in the control group, in
opposite to the two groups treated with the extract (Figure 5). In young, 2-day-old workers,
the glucose concentration was higher in the groups supplemented with the extract than in
the control. On the other hand, in 7-day-old workers, the opposite tendency was observed,
and the extract decreased the glucose concentration.

Urea concentration increased with age of workers in all groups (Figure 6). Hemp
extract influenced an increase in urea concentrations in workers” hemolymph in comparison
with the control group. The highest values were observed in workers supplemented with
hemp in syrup.
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Figure 2. Protease activities in the 2- and 7-day-old honey bees” hemolymph after two methods of supplementation with
hemp extract: C—control (pure sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips (Two-Way ANOVA:
Acidic Proteases: supplementation method: F; 59y = 87.226, p = 0.000; days of supplementation: F; 59y = 145.78, p = 0.000;
supplementation method*days of supplementation Fy59) = 7.8591, p = 0.00094, Neutral Proteases: supplementation
method: F; 59y - 74.315, p = 0.000; days of supplementation: F(; 59) = 1853.4, p = 0.000; supplementation method*days of
supplementation F; 59y = 1.3401, p = 0.26966, Alkaline Proteases: supplementation method: F(; 59) = 59,780, p = 0.000; days of
supplementation: F; 59) = 4008.1, p = 0.000; supplementation method*days of supplementation F(; 59) = 3.3549, p = 0.04169).
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Figure 3. Protease inhibitors activities in the 2- and 7-day-old honey bees” hemolymph after two methods of supplementation
with hemp extract: C—control (pure sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips. (Two-Way
ANOVA: Acidic Protease Inhibitors: supplementation method: F(;59) = 683.41, p = 0.000; days of supplementation:
F(1,509) = 1203.9, p = 0.000; supplementation method*days of supplementation F, 59y = 521.54, p = 0.000, Neutral Protease
Inhibitors: supplementation method: F,59) = 215.50, p = 0.000; days of supplementation: F;s9) = 184.30, p = 0.000;
supplementation method*days of supplementation F(, 59) = 124.00, p = 0.000, Alkaline Protease Inhibitors: supplementation
method: F(p 59y = 404.61, p = 0.000; days of supplementation: F(; 59y = 3251.9, p = 0.000; supplementation method*days of
supplementation F(; 59) = 98.237, p = 0.000).
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Figure 4. Biomarker activities in the 2- and 7-day-old honey bees” hemolymph after two methods of supplementation

with hemp extract: C—control (pure sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips. (Two-Way

ANOVA: ALT (alanine aminotransferase): supplementation method: F(; 59 = 163.68, p = 0.000; days of supplementation:

F1,50) = 321.14, p = 0.000; supplementation method*days of supplementation F, 59) = 205.18, p = 0,11089, AST (aspartate
aminotransferase): supplementation method: F(; 59y = 1180.7, p = 0.000; days of supplementation: F(y 59y = 719.49, p = 0.000;
supplementation method*days of supplementation F(, 59) = 206.94, p = 0.000, ALP (alkaline phosphatase): supplementation

method: Fp 59) = 204.58, p = 0.000; days of supplementation: F(; 59) = 185.72, p = 0.000; supplementation method*days of
supplementation F(, 59) = 87.550, p = 0.000).
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Figure 5. Glucose concentrations in the 2- and 7-day-old workers” hemolymph after two methods of supplementation with

hemp extract: C—control (pure sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips. (Two-Way ANOVA:

supplementation method: F, 59) = 494.15, p = 0.000; days of supplementation: F; 59y = 748.37, p = 0.000; supplementation

method*days of supplementation F(, 59) = 1639.0, p = 0.000).
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Figure 6. Urea concentrations in the 2- and 7-day-old workers” hemolymph after two methods of supplementation
with hemp extract (Two-Way ANOVA: supplementation method: F(; 59y = 23.004, p = 0.000; days of supplementation:
F1,59) = 11912.0, p = 0.000; supplementation method*days of supplementation F(, 59y = 15.560, p = 0.000). C—control (pure
sugar syrup), Csy-hemp extract in syrup, Cst-hemp extract on strips.

5. Discussion

The positive effect and wide use of hemp extract has been demonstrated in many pub-
lications which touched upon neurological, behavioral, and cancer issues [11,34]. Thanks
to the scientifically proven properties, we used an extract for bee supplementation in
this study. Earlier studies on greater wax moths suggested that giving the supplement
to insects living in the close environment of the honey bee will probably be safe also for
the pollinators themselves and, as in the experiment with moths, it will have an equally
satisfactory/positive effect.

We used two types of supplementation of hemp extracts in the experiment: (1) in sugar
syrup (given in syringes), which is the main method in many publications (we can compare
the effect of the type of supplementation with others already tested); and (2) with the use
of material strips, commonly used in beekeeping practice in the treatment of diseases, e.g.,
caused by Varroa destructor mites. We have decided on these two methods because of their
practical aspect in future use as well as in future beekeeping tests. Determining the effect of
the supplement depending on the method of administration is important in order to adapt
the best methods in the future to the problem of bee colonies. Statistical analysis showed
significant changes in the activity of immune parameters depending on the method of
administration, which will have an impact on the application of a given method and the
activity shown depending on the threats and needs of beekeepers.

The high concentration of total protein for groups fed with hemp extract may in-
dicate their increased production in the fat body, where most of the immune proteins
are synthesized. When the extract was fed, the active substances could be absorbed in
the digestive system and passed into the hemolymph and surrounding tissues such as
the fat body. Some of the active substances in cannabis have been shown to affect the
environment inside cells. For example, the aforementioned action, a positive effect of the
active substance CBD on the increase in the concentration and homeostasis of Ca2+ ions
was noted [35,36]. In immunogenic tissues (fat body, hemolymph), calcium-dependent
cellular phospholipases (cPLA2 — Ca + 2-dependent cytosolic phospholipase A2) play a
key role in the cellular immunity of insects (e.g., Lepidoptera) [37,38]. Calcium-dependent
phospholipases mediate the production of eicosanoids present in the fat body, which are
involved in both cellular and humoral immune responses [37]. The effect on humoral
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immunity may result in an increased production of immune proteins, which translates into
a higher total protein concentration reported in our experience. CBD can therefore have
an immunostimulating effect. A similar effect was obtained in the studies of Strachecka
concerning supplementation with coenzyme Q10 [28], which, similar to CBD, is defined
by the authors as a lipophilic antioxidant. In the work of the authors, the concentration of
calcium ions was measured, which confirms the potential process indicated by us. In order
to confirm this thesis, additional tests should be performed to confirm the concentration of
calcium ions in the hemolymph and the fat body of bees.

In addition, hemp extract on the strip could act as an external defensive shield, tightly
covering the surfaces of the bees’ body, making it difficult for pathogens to contact with
these cuticles. Thus, the substances contained in cannabis could stimulate protein synthesis
in the fat body and help seal the surfaces of the insect’s body, in addition to the action of
the proteolytic system (proteases and inhibitors presented on a cuticle) [39].

It turned out that the activity of proteases and their inhibitors decreased in the
hemolymph of workers who were subjected to hemp extract in experimental groups
as compared to the control group.

Alkaline proteases are mostly serine proteases that are involved in many physiological
processes in the bee organism; the most important of them is the activation of phenolox-
idase, which activates the chinones and tyrosine pathways, and through a number of
indirect processes, including the formation of Dopa leads to the activation of sclerotization
and melanization mechanisms, as a result of which the bee’s body surface is sealed. More-
over, as a result of melanization, pathogens are coated and locked in melanotic nodules
where they are degraded [40].

Our results are in line with the results of Strachecka [6,26], who observed a reduction
in the activities of acidic and alkaline proteases after administering curcumin and caffeine
to bees ad libitum. The bees, in the experiment with curcumin and caffeine, with similar
parameters, showed significantly higher survival than the bees not subjected to supple-
mentation [6,26]. This suggests that the obtained parameters reflect the positive effect on
the bee’s organism. A similar result was also obtained in the results of Strachecka on the
decrease in the activity of proteases after the use of coenzyme Q10 [28], which, according
to the authors’ assumption, also showed a positive effect on the organism of bees. The
positive effect of these supplementations can be compared to studies in which potentially
negative factors were used. The results of the study by Migdat [41] showed, that the E-field
at 50 Hz for 12 h caused an increase in the level of proteases compared to the control group.
The authors assumed that the effect of the E-field was negative, suggesting other studies in
which the effect of the pesticide bromfenvinphos was tested, after which increased activity
of proteases in the hemolymph was observed. In an experiment, Strachecka found that
bromfenvinphos significantly lowers the level of biochemical defense of honey bees [27].

The positive effect of the supplementation is confirmed by the above-mentioned
studies, in which the activity levels of the parameters in our research are the same as in
other tests with factors considered positive (curcumine, coenzyme Q10, caffeine), and
different compared to tests with negative factors (E- field, bromfenvimphos).

Lowering the activity of this type of proteases in our results may indicate the previ-
ously mentioned sealing of the insect cuticle, reducing the susceptibility to damage, and,
as a final result, the alkaline proteases did not need to be activated.

The activities of protease inhibitors in the extract-fed bees were significantly higher
than in the control group and the group that received the extract on the strips. This proves
the activation of proteolytic reactions, thus strengthening the bee’s organism, which makes
it better protected against pathogens. It is worth noting that the activities of the proteolytic
system increase with the age of workers, which is consistent with the results obtained by
Strachecka [26,28]. Lo$ [25] also showed that the activities of proteases and their inhibitors
usually increase with the age of workers until about 20-25 days of their life, and then
decrease. Bees treated with biostimulants have lower protease inhibitor activities. Protease
inhibitors act directly on proteases secreted by pathogens, preventing them from entering
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body cavities and inhibiting their development. Acid protease inhibitors are directed
primarily against pathogenic fungi, basic against bacteria and viruses, and neutral against
other agents [19,42]. Based on these studies, it can be concluded that the extract on the
strips actually sealed the first immune barriers and limited the penetration of pathogenic
factors through these barriers; therefore, the body had no need to respond to the appearance
of foreign proteins by producing appropriate enzymes. In the case of the extract in syrup,
the bee’s organism strengthened the internal immune mechanisms after being absorbed
from the intestine and distributed by the hemolymph throughout the body.

Activities of biomarkers: ALT, AST, ASP were in most cases higher in the bees fed
with the hemp extract in the syrup and lower for the bees in group with extract on the
strip, compared to the activity in the control bees. Biomarkers determine the functioning,
viability, and susceptibility to damage of fat body cells, which is called the “invertebrate
liver”. One of the most important biomarkers is the level of ALT. ALT is an intracellular
enzyme. Increasing its concentration is often caused by damage to cells that play the
role of the liver in insects, i.e., the fat body cells. The lowering of the ALT value on the
7th day of supplementation in both experimental groups proves the potential protection
of cells against damage in relation to the body without supplementation. In the case of
supplementation on the strips, we observe a reduction in the value of other biomarkers,
such as AST, ASP, due to the previously mentioned sealing of the insect cuticle and the
creation of an external protective barrier. In the case of supplementation of the extract
in syrup, the increased parameters of biomarkers may result from the consumption of a
non-standard substance to which the enzymes are not originally adapted and may cause
deviations from the norm. In order to determine the further influence of hemp extract on
these parameters, their height should be examined in the future in bees older than 7 days.
Additionally, the increased activity in relation to the control group should not be negatively
considered. The research of Sokol indicates that biomarkers in bees may show the opposite
tendency towards mammalian organisms, e.g., have decreased activity during infection
with V. destructor [43].

CBD (cannabidiol), a substance responsible for sedative effects, has the ability to act
intracellularly on mitochondria and nuclear receptors due to cannabidiol lipophilic nature.
Hemp extract with syrup may turn out to be more energetic thanks to the influence of
active substances on cellular organelles, i.e., mitochondria (the aforementioned effect of
CBD), which would result in lower consumption of the syrup and next in lower glucose
concentration [35]. In addition, hemp extract, depending on the base (e.g., fat in oils and
pastes), may cause changes and a slowdown of sugar metabolism due to the content of
fats that digest slower, and as a result the supplied sugar could be metabolized by the
body for a longer time [44]. This may be a factor in reducing the glucose concentration in
our study. Confirmation of the positive effect of a lower consumption of enriched syrup
may be the fact that higher food intake usually occurs in the case of infections, e.g., with
microsporidia of Nosema spp., where the energy economy is disturbed, and oxidative stress
and thermoregulation disorders are undoubtedly a negative effect. Bees suffering from
nosemosis consume huge amounts of food [45,46]. This symptom is the opposite reaction
to the results obtained in our supplementation.

The increase in urea concentrates in the case of the administration of cannabis in syrup
may be related to the increased supply of protein and lipids in the diet of experimental
bees compared to control bees, whose main food was sugar. Therefore, we can also observe
a slight increase in urea concentration in relation to the control for supplementation with
strips due to less direct exposure of bees to the extract compared to administration in syrup.
Our results in this case are opposite to the results obtained by Strachecka [26,28]. Coenzyme
and curcumin had a lower effect on the level of urea in the bees” hemolymph, causing an
increase in uric acid during the tests. Both substances contain ketone groups which may
suggest that the indicated trends are specific for these compounds. Digestion of hemp
extract having a different chemical structure compared to the supplementation above may
take place in a different way, the effect of which was visible in the increased concentration
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of urea, and maybe lowered in the case of uric acid. To confirm this, studies should be
carried out on the concentration of uric acid in supplementation with hemp extract.

6. Conclusions

The hemp supplementation positively influences the immune system of the honey
bee, and the appropriate method of administration may be adapted to the health problems
of bees. Sealing physiological and anatomical barriers may help in the future with large
parasites, such as V. destructor, and stimulating the organism from the inside may be helpful
in the case of pathogens easily penetrating into organisms such as Nosema spp. or also
microorganisms, such as bacteria, viruses, and fungi.
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Author Contributions: Idea, implementation of analyses, the scheme of conducting the experiment,
conceptualization, methodology, writing—first draft preparation, P.S.; idea, methodology, review,
and editing, A.S.; assistance in carrying out research, L.W. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was financed from the funds allocated to the implementation of research
within the Doctoral School on University of Life Sciences in Lublin.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to that the studies included invertebrates.

Data Availability Statement: The datasets and materials for this study results that have been used,
analyzed and presented in this manuscript are not publicly available. Available on University of Life
Sciences in Lublin. At the justified request of the interested party, they may be made available by the
respective author.

Acknowledgments: We thank Aleksandra Splitt (The National Institute of Horticultural Research,
Apiculture Division in Pulawy, Institute of Nature Conservation, Polish Academy of Sciences) for
help in preparing the experiment.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Mizrahi, A; Lensky, Y. Bee Products; Springer: New York, NY, USA, 2013.

2. Aizen, M.A; Harder, L.D. The Global Stock of Domesticated Honey Bees Is Growing Slower Than Agricultural Demand for
Pollination. Curr. Biol. 2009, 19, 915-918. [CrossRef] [PubMed]

3. Rascoén, B.; Hubbard, B.P; Sinclair, D.A.; Amdam, G.V. The lifespan extension effects of resveratrol are conserved in the honey bee
and may be driven by a mechanism related to caloric restriction. Aging 2012, 4, 499-508. [CrossRef]

4.  Ricigliano, V.A.; Simone-Finstrom, M. Nutritional and prebiotic efficacy of the microalga Arthrospira platensis (spirulina) in honey
bees. Apidologie 2020, 51, 898-910. [CrossRef]

5. Farjan, M.; Dmitryjuk, M.; Lipiiski, Z.; Biernat-Lopieniska, E.; Zéttowska, K. Supplementation of the honey bee diet with vitamin
C: The effect on the antioxidative system of Apis mellifera carnica brood at different stages. J. Apic. Res. 2012, 51, 263-270. [CrossRef]

6.  Strachecka, A.; Krauze, M.; Olszewski, K.; Borsuk, G.; Paleolog, J.; Merska, M.; Chobotow, J.; Bajda, M.; Grzywnowicz, K.
Unexpectedly strong effect of caffeine on the vitality of western honeybees (Apis mellifera). Biochem 2014, 79, 1192-1201.
[CrossRef] [PubMed]

7. Van der Steen, J. Effect of a home-made pollen substitute on honey bee colony development. . Apic. Res. 2007, 46, 114-119. [CrossRef]

8.  Kaznowski, A.; Szymas, B.; Jazdzinska, E.; Kazimierczak, M.; Paetz, H.; Mokracka, J. The effects of probiotic supplementation on the
content of intestinal microflora and chemical composition of worker honey bees (Apis mellifera). ]. Apic. Res. 2005, 44, 10-14. [CrossRef]

9.  Suwannapong, G.; Maksong, S.; Phainchajoen, M.; Benbow, M.E.; Mayack, C. Survival and health improvement of Nosema infected Apis
florea (Hymenoptera: Apidae) bees after treatment with propolis extract. J. Asia. Pac. Entomol. 2018, 21, 437-444. [CrossRef]

10. Benson, M.J.; Abelev, S.V.; Connor, S.J.; Corte, C.J.; Martin, L.J.; Gold, L.K.; Suraev, A.S.; McGregor, 1.S. Medicinal cannabis for
inflammatory bowel disease: A survey of perspectives, experiences, and current use in australian patients. Crohn’s Colitis 360
2020, 2. [CrossRef]

11. Reithmeier, D.; Tang-Wai, R,; Seifert, B.; Lyon, A.W.; Alcorn, J.; Acton, B.; Corley, S.; Prosser-Loose, E.; Mousseau, D.D.; Lim, H.J.

The protocol for the Cannabidiol in children with refractory epileptic encephalopathy (CARE-E) study: A phase 1 dosage
escalation study. BMC Pediatrics 2018, 18, 221. [CrossRef]


https://www.mdpi.com/article/10.3390/ani11082190/s1
https://www.mdpi.com/article/10.3390/ani11082190/s1
http://doi.org/10.1016/j.cub.2009.03.071
http://www.ncbi.nlm.nih.gov/pubmed/19427214
http://doi.org/10.18632/aging.100474
http://doi.org/10.1007/s13592-020-00770-5
http://doi.org/10.3896/IBRA.1.51.3.07
http://doi.org/10.1134/S0006297914110066
http://www.ncbi.nlm.nih.gov/pubmed/25540004
http://doi.org/10.1080/00218839.2007.11101377
http://doi.org/10.1080/00218839.2005.11101139
http://doi.org/10.1016/j.aspen.2018.02.006
http://doi.org/10.1093/crocol/otaa015
http://doi.org/10.1186/s12887-018-1191-y

Animals 2021, 11, 2190 12 of 13

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

Samarut, E.; Nixon, ], Kundap, U.P; Drapeau, P; Ellis, L.D. Single and synergistic effects of cannabidiol and 5-9-
tetrahydrocannabinol on zebrafish models of neuro-hyperactivity. Front. Pharmacol. 2019, 10, 226. [CrossRef]

Hazekamp, A.; Simons, R.; Peltenburg-Looman, A.; Sengers, M.; Van Zweden, R.; Verpoorte, R. Preparative isolation of cannabinoids
from Cannabis sativa by centrifugal partition chromatography. J. Lig. Chromatogr. Relat. Technol. 2004, 27, 2421-2439. [CrossRef]

Amin, M.R; Ali, D.W. Pharmacology of Medical Cannabis. In Advances in Experimental Medicine and Biology; Springer: New York,
NY, USA, 2019; Volume 1162, pp. 151-165.

Lopez, H.L.; Cesareo, K.R.; Raub, B.; Kedia, A.W.; Sandrock, J.E.; Kerksick, C.M.; Ziegenfuss, T.N. Effects of Hemp Extract
on Markers of Wellness, Stress Resilience, Recovery and Clinical Biomarkers of Safety in Overweight, But Otherwise Healthy
Subjects. J. Diet. Suppl. 2020, 17, 561-586. [CrossRef] [PubMed]

Di Giacomo, V.; Recinella, L.; Chiavaroli, A.; Orlando, G.; Cataldi, A.; Rapino, M.; Di Valerio, V.; Politi, M.; Antolini, M.D.;
Acquaviva, A. Metabolomic profile and antioxidant/anti-inflammatory effects of industrial hemp water extract in fibroblasts,
keratinocytes and isolated mouse skin specimens. Antioxidants 2021, 10, 44. [CrossRef] [PubMed]

Mabou Tagne, A.; Fotio, Y.; Lin, L.; Squire, E.; Ahmed, F; Rashid, T.I.; Karimian Azari, E.; Piomelli, D. Palmitoylethanolamide
and hemp oil extract exert synergistic anti-nociceptive effects in mouse models of acute and chronic pain. Pharmacol. Res. 2021,
167, 105545. [CrossRef] [PubMed]

Marini, E.; Magi, G.; Ferretti, G.; Bacchetti, T.; Giuliani, A.; Pugnaloni, A.; Rippo, M.R.; Facinelli, B. Attenuation of Listeria
monocytogenes virulence by Cannabis sativa L. Essential oil. Front. Cell. Infect. Microbiol. 2018, 8. [CrossRef] [PubMed]

Evans, ].D.; Aronstein, K.; Chen, Y.P; Hetru, C.; Imler, J.L.; Jiang, H.; Kanost, M.; Thompson, G .J.; Zou, Z.; Hultmark, D. Inmune
pathways and defence mechanisms in honey bees Apis mellifera. Insect Mol. Biol. 2006, 15, 645-656. [CrossRef]

Strachecka, A.; Los, A.; Filipczuk, J.; Schulz, M. Individual and social immune mechanisms of the honey bee. Med. Weter. 2018, 74, 426-433.
Wilde, J.; Fraczek, R.J.; Siuda, M.; Bak, B.; Hatjina, F.; Miszczak, A. The influence of sublethal doses of imidacloprid on protein
content and proteolytic activity in honey bees (Apis mellifera L.). ]. Apic. Res. 2016, 55, 212-220. [CrossRef]

Immunobiologia Pszczoty Miodnej, Zdzistaw Gliniski, Jan Jarosz. Available online: https://vetbooks.pl/p/7/421/
immunobiologia-pszczoly-miodnej-pszczelarstwo-hodowla-zwierzat. html (accessed on 2 July 2021).

Strachecka, A.; Demetraki-Paleolog, J. System proteolityczny powierzchni ciata apis mellifera w zachowaniu zdrowotnosci rodzin
pszczelich. Kosmos 2011, 60, 43-51.

Aw, D.; Silva, A.B.; Palmer, D.B. Inmunosenescence: Emerging challenges for an ageing population. Immunology 2007, 120,
435-446. [CrossRef] [PubMed]

Los, A.; Strachecka, A. Fast and cost-effective biochemical spectrophotometric analysis of solution of insect “blood” and body
surface elution. Sensors 2018, 18, 1494. [CrossRef] [PubMed]

Strachecka, A.; Olszewski, K.; Paleolog, ]J. Curcumin stimulates biochemical mechanisms of Apis mellifera resistance and extends
the apian life-span. J. Apic. Sci. 2015, 59, 129-141. [CrossRef]

Strachecka, A.; Olszewski, K.; Paleolog, J. Varroa treatment with bromfenvinphos markedly suppresses honeybee biochemical
defence levels. Entomol. Exp. Appl. 2016, 160, 57-71. [CrossRef]

Strachecka, A.; Olszewski, K.; Paleolog, J.; Borsuk, G.; Bajda, M.; Krauze, M.; Merska, M.; Chobotow, J. Coenzyme Q10 treatments
influence the lifespan and key biochemical resistance systems in the honeybee, Apis mellifera. Arch. Insect Biochem. Physiol. 2014,
86, 165-179. [CrossRef]

Schacterle, G.; Pollack, R. A Simplified Method for the Quantitative Assay of Small Amounts of Proteins in Biologic Material.
Anal. Biochem. 1973, 51, 654-655. [CrossRef]

Waterborg, ]. H. The Lowry Method for Protein Quantitation. In The Protein Protocols Handbook; Humana Press: Totowa, NJ, USA,
2009; pp- 7-10.

Anson, M.L. The Estimation Of Pepsin, Trypsin, Papain, And Cathepsin With Hemoglobin. |. Gen. Physiol. 1938, 22, 79-89. [CrossRef]
Strachecka Aneta, G.M.M. Influence of Environmental Pollution on the Protective Proteolytic Barrier of the Honey Bee Apis
mellifera mellifera. Polish ]. Environ. Stud. 2010, 19, 855-859.

Lin, ].; Lee, L.S.; Frey, ].; Slonczewski, ].L.; Foster, ].W. Comparative analysis of extreme acid survival in Salmonella typhimurium,
Shigella flexneri, and Escherichia coli. J. Bacteriol. 1995, 177, 4097-4104. [CrossRef]

Abdel-Salam, O.; Sleem, A.; Youness, E.; Morsy, F. Preventive effects of cannabis on neurotoxic and hepatotoxic activities of
malathion in rat. Asian Pac. |. Trop. Med. 2018, 11, 272-279. [CrossRef]

De Petrocellis, L.; Ligresti, A.; Moriello, A.S.; Allara, M.; Bisogno, T.; Petrosino, S.; Stott, C.G.; Di Marzo, V. Effects of cannabinoids
and cannabinoid-enriched Cannabis extracts on TRP channels and endocannabinoid metabolic enzymes. Br. . Pharmacol. 2011,
163, 1479-1494. [CrossRef]

Dube, K.A.; McDonald, D.G.; O’Donnell, M.J. Calcium homeostasis in larval and adult Drosophila melanogaster. Arch. Insect
Biochem. Physiol. 2000, 44, 27-39. [CrossRef]

Park, Y.; Kumar, S.; Kanumuri, R.; Stanley, D.; Kim, Y. A novel calcium-independent cellular PLA2 acts in insect immunity and
larval growth. Insect Biochem. Mol. Biol. 2015, 66, 13-23. [CrossRef] [PubMed]

Underwood, R.M.; Traver, B.E.; Lépez-Uribe, M.M. Beekeeping management practices are associated with operation size and
beekeepers’ philosophy towards in-hive chemicals. Insects. 2019, 10, 10. [CrossRef]

Strachecka, A.; Paleolog, J.; Grzywnowicz, K. The surface proteolytic activity in Apis mellifera. ]. Apic. Sci. 2008, 52, 49-56.


http://doi.org/10.3389/fphar.2019.00226
http://doi.org/10.1081/JLC-200028170
http://doi.org/10.1080/19390211.2020.1765941
http://www.ncbi.nlm.nih.gov/pubmed/32456572
http://doi.org/10.3390/antiox10010044
http://www.ncbi.nlm.nih.gov/pubmed/33401488
http://doi.org/10.1016/j.phrs.2021.105545
http://www.ncbi.nlm.nih.gov/pubmed/33722712
http://doi.org/10.3389/fcimb.2018.00293
http://www.ncbi.nlm.nih.gov/pubmed/30186775
http://doi.org/10.1111/j.1365-2583.2006.00682.x
http://doi.org/10.1080/00218839.2016.1211394
https://vetbooks.pl/p/7/421/immunobiologia-pszczoly-miodnej-pszczelarstwo-hodowla-zwierzat.html
https://vetbooks.pl/p/7/421/immunobiologia-pszczoly-miodnej-pszczelarstwo-hodowla-zwierzat.html
http://doi.org/10.1111/j.1365-2567.2007.02555.x
http://www.ncbi.nlm.nih.gov/pubmed/17313487
http://doi.org/10.3390/s18051494
http://www.ncbi.nlm.nih.gov/pubmed/29747455
http://doi.org/10.1515/jas-2015-0014
http://doi.org/10.1111/eea.12451
http://doi.org/10.1002/arch.21159
http://doi.org/10.1016/0003-2697(73)90523-X
http://doi.org/10.1085/jgp.22.1.79
http://doi.org/10.1128/jb.177.14.4097-4104.1995
http://doi.org/10.4103/1995-7645.231467
http://doi.org/10.1111/j.1476-5381.2010.01166.x
http://doi.org/10.1002/(SICI)1520-6327(200005)44:1&lt;27::AID-ARCH4&gt;3.0.CO;2-I
http://doi.org/10.1016/j.ibmb.2015.09.012
http://www.ncbi.nlm.nih.gov/pubmed/26429672
http://doi.org/10.3390/insects10010010

Animals 2021, 11, 2190 13 of 13

40.

41.

42.

43.

44.
45.

46.

Dhule, S.S.; Penfornis, P; Frazier, T.; Walker, R.; Feldman, J.; Tan, G.; He, J.; Alb, A.; John, V.; Pochampally, R. Curcumin-loaded
v-cyclodextrin liposomal nanoparticles as delivery vehicles for osteosarcoma. Nanomed. Nanotechnol. Biol. Med. 2012, 8, 440-451.
[CrossRef] [PubMed]

Migdat, P.; Murawska, A.; Strachecka, A.; Bierikowski, P.; Roman, A. Honey bee proteolytic system and behavior parameters
under the influence of an electric field at 50 hz and variable intensities for a long exposure time. Animals 2021, 11, 863.
[CrossRef] [PubMed]

Bode, W.; Fernandez-Catalan, C.; Tschesche, H.; Grams, F.; Nagase, H.; Maskos, K. Structural properties of matrix metallopro-
teinases. Cell. Mol. Life Sci. 1999, 55, 639-652. [CrossRef]

Sokol, R. Wybrane wskazniki biochemiczne hemolimfy w przebiegu inwazji Varroa jacobsoni u pszczol. Il. Aktywnosc transaminazy
asparaginianowej i alaninowej w hemolimfie czerwia, pszczol i trutni. Acta Acad. Agric. Tech. Olstenensis. Vet. 1996, 24, 113-125.
Gilbert, L.I. Lipid Metabolism and Function in Insects. Adv. Insect Phys. 1967, 4, 69-211. [CrossRef]

Fries, I.; Chauzat, M.-P.; Chen, Y.P,; Doublet, V.; Genersch, E.; Gisder, S.; Higes, M.; McMahon, D.P.; Martin-Herndndez, R,;
Natsopoulou, M. Standard methods for Nosema research. J. Apic. Res. 2013, 52, 1-28. [CrossRef]

Schulz, M.; Skowronek, P.; Tyszczuk, J.; Los, A.; Strachecka, A. Nosema apis i Nosema ceranae—Poréwnanie morfologii, metod
identyfikacji oraz przebiegu mikrosporydiozy u pszczot miodnych. Przeglad Hod. 2018, 86, 21-24.


http://doi.org/10.1016/j.nano.2011.07.011
http://www.ncbi.nlm.nih.gov/pubmed/21839055
http://doi.org/10.3390/ani11030863
http://www.ncbi.nlm.nih.gov/pubmed/33803600
http://doi.org/10.1007/s000180050320
http://doi.org/10.1016/S0065-2806(08)60208-8
http://doi.org/10.3896/IBRA.1.52.1.14

	Introduction 
	Materials and Methods 
	Cages Part 
	Analytical Part 

	Statistical Analysis 
	Results 
	Discussion 
	Conclusions 
	References

