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PROSPECTS AND VALIDITY OF LABORATORY CAGE TESTS 

CONDUCTED IN HONEYBEE RESEARCH PART TWO: NEW 

POSSIBILITIES FOR USE OF LABORATORY CAGE TESTS IN RESPONSE 

TO CHALLENGES REVEALED AT THE TURN OF THE 20TH AND 21ST 

CENTURIES
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A b s t r a c t
Nowadays, cell cultures are a standard tool in animal biotechnology, but the problem with 
honeybees is the constant lack of appropriate cell lines to be used in in vitro research. 
Until the imperfections of bee tissue cultures are resolved, researchers have to conduct 
experiments on bees in laboratory cage tests (LCTs).
At the turn of the 21st century many new hazards for beekeeping appeared. An early 
recognized problem was the Colony Collapse Disorder and Honey Bee Depopulation 
Syndrome, which were associated with the harmfulness of pesticides and strictly linked 
with a decline in bee immunity. Such problems in LCTs were attempted to be resolved 
through research on the interactions between biostimulators and antiparasitic drugs. 
LCTs allow the relationship between the dose of a specific factor and its impact to be 
determined, which can be used in the establishment of reference values. Furthermore, 
LCTs may be a useful tool in understanding the function and role of bee gut flora.
Using the honeybee as an animal model is possible thanks to knowledge of the honeybee 
genome and bee biology and the similarity between some physiological and biochemical 
processes and those occurring in humans. So far, LCTs have been used to understand 
better human aging, learning and gene expression regulating. This is facilitated by the 
advanced development of medicine and molecular genetics, and in the future the use of 
honeybees may become a standard in biochemical or gerontological research.
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Laboratory cage tests as an alternative of 
cell line culturing in honeybee research 
Cell cultures have become a standard tool used 
in biotechnology, biopharmacy, and toxicology. 
Cell lines of human or animal cells cultured and 
multiplied in appropriate and often specific 
conditions, allow the influence of various 
substances, including drugs, on their vitality and 
functions to be studied (Stasiak & Sznitowska, 
2010). Stokłosowa (2004) studied the use of 
cell cultures to predict the toxic properties of 
various chemical substances. As with animals or 

humans, there are procedures for breeding the 
cell cultures of bees (Hunter, 2010; Goblirsch 
et al., 2013) and other insects (Lyn, 2002). 
However, the honeybees still lack clean, disease-
free and stable cell lines which could be used 
in in vitro studies (Genersch et al., 2013). The 
AmE-711 line derived in 2011 is characterized by 
a long adaptation time, but research on the pos-
sibilities and factors of its differentiation into 
specific tissues is required, which would allow 
research on more specific aspects (Goblirsch et 
al., 2013; Goblirsch, 2017). Until the imperfec-
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tions of bee tissue cultures are not resolved, the 
researchers must conduct experiments directly 
on bees in laboratory cage tests (LCT). These 
tests are useful in the research of bee diseases, 
especially viruses and nosemosis (Goblirsch, 
2017), because they give a chance to learn how 
pathogens affect a single bee organism and 
thus to predict their impact on the colony.

Honeybee as an animal model organism
The honeybee has high phenotypic plasticity, 
highly similar physiological and biochemi-
cal processes to those in mammals including 
humans (Lockett, Helliwell, & Maleszka, 
2010; Strachecka et al., 2012a; Strachecka 
et al., 2015) and achievements resulting 
from social life (Keller & Jemielity, 2006) and 
so can be considered as a model organism 
in studies on longevity (Keller & Jemielity, 
2006; Eyer et al., 2017), epigenetic changes 
(Kucharski et al., 2007; Lockett, Wilkes, 
& Maleszka, 2010; Paleolog et al., 2011; 
Strachecka et al., 2012a) and selected factors’ 
influence on the functioning of the organism 
(Si et al., 2005; Strachecka et al., 2012d). Given 
the high similarity to humans, bees can be used 
to study the action of selected substances in 
the organism. 
For example amphotericin B has been found to 
be deposited in internal organs in bees as well 
as humans (Gagoś et al., 2011; Strachecka et 
al., 2012d). Additionally, this antibiotic in bees 
increases the concentration of proteins on the 
surface of their bodies, reduces the level of 
total DNA methylation affecting the equilibrium 
of the demethylation/methylation epigenetic 
mechanisms, and shortens the lifespan of bees. 
Similar side effects can be seen in other bees 
antibiotics (Howis et al., 2012; Strachecka et 
al., 2012d). Furthermore, the multifactorial 
effect of curcumin is an activator of numerous 
biochemical processes in bees (Strachecka et al., 
2015) and mammals (Trujillo et al., 2013).
An equally important trend, honeybees are 
used as a model organism in research on aging. 
This process in the honeybee varies depending 
on the caste. Despite the similar genotype, the 
queen lives much longer than the workers, 

a phenomenon called phenotypic plasticity. 
Such differences in life expectancy are the 
result of DNA methylation, which involves the 
attachment of a methyl group (-CH3) to the 
CpG islands, i.e. DNA regions with high dinu-
cleotide frequency. A set of either methylation 
points or enzymes necessary for CpG methyla-
tion that the honey bee possesses predisposes 
it as a model for epigenetic research among 
other insects (Strachecka et al., 2012a). Lockett,  
Helliwell & Maleszka (2010) found that meth-
ylation occurred analogously in specific CpG 
in the honeybee in response to training as in 
rats. The difference in the gene methylation 
level is already evident during the larval stage 
and results from the quality of larval feeding 
leading to phenotypic plasticity (Münch, et al., 
2008; Strachecka et al., 2012a). This illustrates 
the importance of the composition of the diet in 
gene expression regulation and, consequently, 
longevity. In many animals, life expectancy is 
also prolonged by insulin/insulin-like growth 
factor (IIS), and this is the case with bees where 
the IIS level depends on workers’ caste and age 
(Corona et al., 2007; Yan et al., 2015). In addition, 
the occurrence of winter workers, lifespan 
up to six months, and summer bees, lifespan 
about four weeks, is regulated by biochemical 
and epigenetic mechanisms (Strachecka et al., 
2012d), whose aspects outlined here are highly 
interrelated and complex and, at the same time, 
modified by environmental factors. Hence, the 
level of influence of a single factor or substance 
on these aspects can be captured and objective-
ly assessed in LCTs.
Honeybees and humans correspond in 
processes related to learning and remem-
bering mechanisms. Memory formatting in 
bees is determined by neurotransmitters and 
mediators (Si et al., 2005), similar to those 
present in humans (Kucharski et al., 2007). The 
high socialization of bees’ behavior allows them 
to be considered as one of the best models in 
the study of learning and remembering (Menzel 
& Giurfa, 2001; Strachecka et al., 2012a). 
Long-term memory, learning, and remember-
ing are processes guided by DNA methylation, 
and the bee learning model itself is similar to 
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that of vertebrates (Dyer, 2005; Biergans et al., 
2012). In bees, memory and learning tests are 
conducted at least with the help of LCTs, based 
on the necessity for the bee colony to find and 
acquire food (Decourtye et al., 2004; Jones et 
al., 2005). LCTs allow comfortable processing 
and repeating learning processes and facilitate 
easy identification of single bees and individual 
handling thereof (Decourtye et al., 2003; Si et 
al., 2005; Agarwal et al., 2011).

Individual immunity and bee diseases
The first line of defense against pathogens is the 
surface of the bee’s body, including the layer of 
biologically active proteins on the surface of the 
cuticle. These proteins have e.g. the properties 
of proteases (Evans et al., 2006; Evans & Spivak, 
2010; Strachecka et al., 2010; Strachecka et al., 
2018), which protect insects against infections 
and help maintain body homeostasis (Brownlees 
& Williams, 1993; Gorman & Paskewitz, 2001).
Bees can be infected with pathogens when 
taking or sharing infected food (Cremer & Sixt, 
2009; Hamilton et al., 2010). On the other 
hand, drugs or agents can be inserted into 
the alimentary tract of stimulating individual 
bee immunity in conjunction with food. LCTs 
are convenient assessing the impact of such 
substances on bees and their parasites (Costa 
et al., 2010; Borsuk et al., 2013; Strachecka et 
al., 2014; Strachecka et al., 2015). Studies of 
nosemosis are a good way to use LCTs, as this 
fungal disease commonly causes significant 
economic losses with its high infectivity. In this 
case, the use of LCTs allows the precise distribu-
tion of the pathogen in the whole group (Fries 
et al., 2013), the individual feeding of infected 
bees (Pettis et al., 2012; Borsuk et al., 2018) and 
identification of the effect of the tested factors 
during disease development (Costa et al., 2010). 
LCTs prevent the spread of nosemosis and the 
robbing and straying of bees, which occur when 
such tests are conducted in apiary conditions.
However, the biggest hazard for the present 
beekeeping is varrosis, a disease caused by the 
parasitic mite Varroa destructor (Rosenkranz 
et al., 2010). The widespread presence of the 
parasite and large economic losses resulting 

from the paralysis of colonies make chemo-
therapy the basis for limiting invasion. Synthetic 
substances with acaricidal agents (Bąk et al., 
2010) and organic acids (Imdorf et al., 2003; 
Strachecka et al., 2013) are used predominantly. 
Although commercial preparations containing 
these substances are referred to as medicines, 
their effects are not neutral for bees. This is 
why LCTs have also been used to assess how 
acaricides impact the individual resistance 
in workers. Strachecka et al. (2012b, 2012c) 
showed that amitraz and oxalic acid in apiary 
conditions reduce or/and cause a loss in activity 
of the proteolytic system in bees. Moreover, the 
activity of the cuticle proteolytic system has 
been found to respond to antibiotic therapy in 
similar way as to amitraz, the active substance 
of many commercial products against Varroa 
destructor (Howis et al., 2012; Strachecka et al., 
2012b, 2012d). Johnson et al. (2013) conducted 
a series of tests aimed at capturing the rela-
tionship between such acaricides as amitraz, 
tau-fluvalinate, thymol, kumafos and fungicides 
and between these acaricides and antimicrobi-
als to determine the lethal effects of individual 
substances on bees and interactions between 
them. Consequently, the interactions between 
different chemicals in bees were demonstrat-
ed to be as complex as drug interactions in 
mammals (Johnson et al., 2013). In conclusion, 
substances that are commonly used in apiaries 
as acaricides cause a number of adverse changes 
in bee resistance. Besides the assessment of 
their effectiveness, the use of LCTs also allows 
assessment of side effects of chemotherapy at 
the level of an individual bee.
The downsides of the nutritional base, mainly 
pollen deficiencies and difficulty in controlling 
varrosis and nosemosis, result in a decreased 
individual immunity of bees and, consequent-
ly, a decline in the condition of colonies. This 
situation forces beekeepers to use biostimu-
lants and supplements to improve the health 
of bee colonies (Szymaś & Przybył, 2007; 
Strachecka et al., 2015). The preliminary study 
of the impact of such substances on bees, and 
thus the assessment of their suitability in LCTs, 
is faster and cheaper than in bee colonies due to 
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low labor intensity and use of small numbers of 
bees and small amount evaluated substance. This 
direction of research includes the assessment 
of the impact of nanosilver on Nosema spp. The 
supplementation of sugar syrup with nanosilver 
at a 25-ppm concentration may limit the invasion 
of Nosema spp. (Borsuk et al., 2013). Ptaszyńska 
et al. (2018) obtained promising results in the 
fight against Nosema spp. by using porphyrin for 
disease control. When evaluated in laboratory 
conditions, caffeine also inhibited the develop-
ment of Nosema spp. The development chain of 
Nosema spp. is inhibited probably due to the high 
activity of the proteolytic system, in particular 
protease inhibitors, or reduced accessibility 
of amino acids necessary for the production 
of parasite proteins (Mello & Silva-Filho, 2002; 
Strachecka et al., 2014). Moreover, 5μg/ml of the 
caffeine addition slows the epigenetic processes 
of DNA methylation associated with the aging 
process, significantly extending the life of bees. 
Therefore that the effect of caffeine can be 
assumed to be bidirectional. It inhibits the de-
velopment of Nosema spp. on the one hand and 
intensifies or regulates biochemical processes 
on the other (Strachecka et al., 2014). Curcumin 
turned out to be an unexpectedly effective 
natural biostimulator. Already at a dose of 3 μg/
ml (an equivalent dose for humans), it improved 
the condition and vitality of bees, which in turn 
had a longer lifespan (Strachecka et al., 2015).

New threats from pesticides
Despite the strict pesticide authorization 
procedures, bee poisonings continue to be 
a constant problem (Blacquière et al., 2012). At 
the turn of the 20th and 21st centuries, the harm-
fulness of insecticides prompted researchers to 
check their relationship with two alarming occur-
rences The Honeybee Depopulation Syndrome 
and Bee Colony Collapse Disorder. Their causes 
were linked with e.g. substances from the neon-
icotinoid group (Godfray et al., 2015; Woodcock et 
al., 2016), which, especially the widely used imi-
diacloprid, have potent neurotoxic effects. LCTs 
are often the basis to discover the sources and 
mechanisms of the harmful effects of chemical 
substances on bees, which are unknown at the 

time of licensing permit procedures, which was 
the case with imidacloprid. A rapid appearance 
of neurotoxicity symptoms, manifested by 
problems with motor coordination and convul-
sions was found in a LCT (Suchail et al., 2001). 
These reactions are considered as the most 
probable cause of death of some workers before 
they return to the nest from contaminated 
plantations (Decourtye et al., 2003, 2004). The 
described symptoms gradually disappear within 
a few hours. Workers begin to show inactivity 
and a lack of reaction to external stimuli, which 
is part of the chronic toxicity of insecticides 
(Suchail et al., 2001; Medrzycki et al., 2013). The 
scale of pesticides’ toxic effects on bees neces-
sitates continuous improvement of methodolo-
gies for the assessment of their toxicity where 
the LCT is an indispensable element of related 
procedures. Decourtye et al. (2004) discovered 
that some neonicotinoid compounds cause 
learning disabilities only in cage tests, with no 
analogy in the semi-field test and showed how 
environmental influences on the studied factors 
are significant in bee research and emphasizes 
the need for verification of LCT results in apiary 
conditions.

Mechanisms of function and the role of bee 
digestive tract flora
The flora of the digestive tract is an important 
element that influences the basic functions of 
organisms (Engel, Martinson, & Moran, 2012; 
Jones et al., 2018). However, it is not suffi-
ciently known how it does so on the health of 
individual bees and the biology of bee colonies 
(Jones et al., 2018), so LTCs could be a useful 
tool in the exploration of this issue. The flora of 
the bee alimentary canal, including fructophilic 
lactic acid bacteria (FLAB), is a derivative of the 
environment (Endo et al., 2009). Bees acquire 
non-endogenous microorganisms mainly while 
collecting fructose-rich nectar (McFredrick et 
al., 2012; Endo & Salmien, 2013). Fructophilic 
bacteria accompanying bees are chosen by 
some researchers for their probiotic applications 
(Endo & Salmien, 2013) and as paratransgenic 
agents in the fight against European foulbrood 
(Rangberg et al., 2015; Erban et al., 2017). This 
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is connected with FLAB commonly inhabiting 
the digestive tract, which influences the direct 
inhibition of the growth of other microorgan-
isms by acidification of the intestinal environ-
ment and production of such antimicrobial 
compounds as hydrogen peroxide, organic acids 
and antimicrobial peptides (Audisio et al., 2011). 
FLAB participate in the constant stimulation of 
the intestinal immune system (Engel, Martinson, 
& Moran, 2012). In addition, it has been shown 
that the entire gastrointestinal microflora in 
bees has a significant impact on the production 
of pheromones, degradation of pesticides and 
synthesis of vitamins (Engel, Martinson, & Moran, 
2012). Since the microflora of the gastrointesti-
nal tract of 6-day-old workers is fully developed, 
compared to freshly emerged bees (Powell et 
al., 2014), it is reasonable to use LCTs based 
on freshly emerged sterile workers (Vojvodic, 
Rehan, & Anderson, 2013) free of FLAB. Such 
a procedure yields a 100% response of the bee 
organism.

Conclusions and prospects for LCTs 
Currently in the 21st century, contemporary 
challenges for beekeeping as well as humanity 
have created new opportunities for LCTs, which 
facilitate a more complete use of bees as model 
organisms, which, among other things, gives the 
opportunity to elucidate important processes 
for humans. LCTs allow a better understanding 
of bees including their genome, social behavior, 
mechanisms of the nervous system function 
and biochemical processes showing consider-
able analogies to those in mammals and even 
in humans and with the use of honeybees 
may become a standard in medical research 
in the near future. Their low costs, easy 
handling, small groups of individuals caged in 
controlled conditions, and the possibility of 
individual treatment of a single bee makes them 
a promising tool for honeybee research.

LITERATURE

Agarwal, M., Guzmán, M., Morales-Matos, C., Del 
Valle Díaz, R. A., Abramson, C. I., Giray, T. (2011). 
Dopamine and octopamine influence avoidance 

learning of honey bees in a place preference assay. 
PLoS ONE, 6(9), 1-9. https://doi.org/10.1371/journal.
pone.0025371

Audisio, M.C., Torres, M.J., Sabaté, D.C., Ibarguren, C., 
Apella, M.C. (2011). Properties of different lactic 
acid bacteria isolated from Apis mellifera L. bee-
gut. Microbiological Research, 166, 1-13. https://doi.
org/10.1016/j.micres.2010 .01.003

Bąk, B., Wilde, J., & Siuda, M. (2010). Lekooporność 
roztoczy Varroa destructor na akarycydy 
w pasiekach północno-wschodniej Polski. In XLVII 
Naukowa Konferencja Pszczelarska (pp. 75-76). 
Puławy - Poland 

Biergans, S. D., Jones, J. C., Treiber, N., Galizia, C. G., 
Szyszka, P. (2012). DNA methylation mediates the 
discriminatory power of associative long-term mem-
ory in honeybees. PLoS ONE, 7(6), 1-7. https://doi.
org/10.1371/journal.pone.0039349

Blacquière, T., Smagghe, G., Van Gestel, C. A. M., 
& Mommaerts, V. (2012). Neonicotinoids in bees: 
A review on concentrations, side-effects and risk 
assessment. Ecotoxicology, 21(4), 973-992. https://
doi.org/10.1007/s10646-012-0863-x

Borsuk, G., Paleolog, J., Olszewski, K., & Strachecka, 
A. J. (2013). Laboratory assessment of the effect of 
nanosilver on longevity, sugar syrup ingestion, and 
infection of honeybees with Nosema spp. Medycy-
na Weterynaryjna, 69(12), 730-732.

Borsuk, G., Kozłowska, M., Anusiewicz, M., & Paleolog, 
J. (2018). Nosema ceranae changes semen char-
acteristics and damages sperm DNA in honeybee 
drones. Invertebrate Survival Journal, 15, 197-202.

Brownlees, J., & Williams, C. H. (1993). Peptidases, 
peptides, and the mammalian blood-brain barrier. 
Journal of Neurochemistry, 60(3), 793-803. https://
doi.org/10.1111/j.1471-4159.1993.tb03223.x

Corona, M., Velarde, R. A., Remolina, S., Moran-Lauter, 
A., Wang, Y., Hughes, K. A., Robinson, G. E. (2007). 
Vitellogenin, juvenile hormone, insulin signaling, and 
queen honey bee longevity. Proceedings of the Na-



Dziechciarz et al.Dziechciarz et al.

10

New possibilities of the use Laboratory Cage Tests

tional Academy of Sciences, 104(17), 7128-7133. 
https://doi.org/10.1073/pnas.0701909104

Costa, C., Lodesani, M., & Maistrello, L. (2010). Effect 
of thymol and resveratrol administered with candy 
or syrup on the development of Nosema ceranae 
and on the longevity of honeybees (Apis mellifera L.) 
in laboratory conditions. Apidologie, 41(2), 141-150. 
https://doi.org/10.1051/apido/2009070

Cremer, S., & Sixt, M. (2009). Analogies in the evolu-
tion of individual and social immunity. Philosophical 
Transactions of the Royal Society B: Biological Sci-
ences, 364(1513), 129-142. https://doi.org/10.1098/
rstb.2008.0166

Decourtye, A., Lacassie, E., & Pham-Delègue, M. 
(2003). Learning performances of honeybees (Apis 
mellifera L.) are differentially affected by imidacloprid 
according to the season. Pest Management Science, 
59(3), 269-278. https://doi.org/10.1002/ps.631

Decourtye, A., Devillers, J., Cluzeau, S., Charreton, M., 
Pham‐Delègue, M. (2004). Effects of imidacloprid 
and deltamethrin on associative learning in honey-
bees under semi-field and laboratory conditions. Ec-
otoxicology and Environmental Safety, 57(3), 410-
419. https://doi.org/10.1016/j.ecoenv.2003.08.001

Dyer, A. G. (2005). Honeybee (Apis mellifera) vi-
sion can discriminate between and recognise im-
ages of human faces. Journal of Experimental Biol-
ogy, 208(24), 4709-4714. https://doi.org/10.1242/
jeb.01929

Endo, A., Futagawa-Endo, Y., & Dicks, L.M.T. (2009). 
Isolation and characterization of fructophilic lactic 
acid bacteria from fructose-rich niches. Systematic 
and Applied Microbiology, 32, 593-600. https://doi.
org/10.1016/j.syapm.2009.08.002

Endo, A., & Salminen, S. (2013). Honeybees and bee-
hives are rich sources for fructophilic lactic acid bac-
teria. Systematic and Applied Microbiology, 36, 444-
448. https://doi.org/10.1016/j.syapm.2013.06.002

Engel, P., Martinson, V. G., & Moran, N. A. (2012). Func-
tional diversity within the simple gut microbiota of 

the honey bee. Proceedings of the National Acad-
emy of Sciences, 109(27), 11002-11007. https://doi.
org/10.1073/pnas.1202970109

Erban, T., Ledvinka, O., Kamler, M., Hortova, B., Nes-
vorna, M., Tyl, J., … Hubert, J. (2017). Bacterial commu-
nity associated with worker honeybees (Apis mellif-
era) affected by European foulbrood. PeerJ 5:e3816. 
https://doi.org/10.7717/peerj.3816

Evans, J. D., Aronstein, K., Chen, Y. P., Hetru, C., Imler, J., 
Jiang, H., Hultmark, D. (2006). Immune pathways and 
defence mechanisms in honey bees Apis mellifera. 
Insect Molecular Biology, 15(5), 645-656. https://doi.
org/10.1111/j.1365-2583.2006.00682.x

Evans, J. D., & Spivak, M. (2010). Socialized medicine: 
Individual and communal disease barriers in honey 
bees. Journal of Invertebrate Pathology, 103(1), 62-
72. https://doi.org/10.1016/j.jip.2009.06.019

Eyer, M., Dainat, B., Neumann, P., & Dietemann, V. 
(2017). Social regulation of ageing by young work-
ers in the honey bee, Apis mellifera. Experimental 
Gerontology, 87, 84-91. https://doi.org/10.1016/j.ex-
ger.2016.11.006

Fries, I., Chauzat, M. P., Chen, Y. P., Doublet, V., Ge-
nersch, E., Gisder, S., Williams, G. R. (2013). Standard 
methods for Nosema research. Journal of Apicultur-
al Research, 52(1), 1-28. https://doi.org/10.3896/
IBRA.1.52.1.14

Gagoś, M., Czernel, G., Kamiński, D. M., & Kostro, 
K. (2011). Spectroscopic studies of amphoteri-
cin B-Cu2+complexes. BioMetals, 24(5), 915-922. 
https://doi.org/10.1007/s10534-011-9445-2

Genersch, E., Gisder, S., Hedtke, K., Hunter, W.B., Möc-
kel, N., Müller, U. (2013). Standard methods for cell 
cultures in Apis mellifera research. Journal of Api-
cultural Research, 52, 1-8. https://doi.org/10.3896/
IBRA.1.52.1.02

Goblirsch, M. (2017). Using Honey Bee Cell Lines to 
Improve Honey Bee Health. In Beekeeping-From Sci-
ence to Practice. (pp. 91-108) Springer.



J. APIC. SCI.  Vol. 64 No. 1 2020J. APIC. SCI.  Vol. 64 No. 1 2020

11

Goblirsch, M.J., Spivak, M.S., & Kurtti, T.J. (2013). A Cell 
Line Resource Derived from Honey Bee (Apis mel-
lifera) Embryonic Tissues. PLoS ONE 8, 1-13. https://
doi.org/10.1371/journal.pone.0069831

Godfray, H. C. J., Blacquière, T., Field, L. M., Hails, R. S., 
Petrokofsky, G., Potts, S. G., McLean, A. R. (2015). A 
restatement of the natural science evidence base 
concerning neonicotinoid insecticides and insect 
pollinators. Proceedings of the Royal Society B: Bio-
logical Sciences, 281, 1-9. https://doi.org/10.1098/
rspb.2014.0558

Gorman, M. J., & Paskewitz, S. M. (2001). Serine 
proteases as mediators of mosquito immune re-
sponses. Insect Biochemistry and Molecular Biol-
ogy, 31(3), 257-262. https://doi.org/10.1016/S0965-
1748(00)00145-4

Hamilton, C., Lejeune, B. T., & Rosengaus, R. B. (2010). 
Trophallaxis and prophylaxis: social immunity in the 
carpenter ant Camponotus pennsylvanicus. Biol-
ogy Letters, 7(1), 89-92. https://doi.org/10.1098/
rsbl.2010.0466

Howis, M., Chorbiński, P., & Nowakowski, P. (2012). 
Physical damage to the chitin plate and position 
of Varroa destructor on hive bottoms after use of 
different varroacidal treatments. Medycyna Wetery-
naryjna, 68(10), 607-611.

Hunter, W.B. (2010). Medium for development of bee 
cell cultures (Apis mellifera: Hymenoptera: Apidae). 
In Vitro Cellular & Developmental Biology - Animal. 
46(2), 83-86. https://doi.org/10.1007/s11626-009-
9246-x

Imdorf, A., Charrière, J. D., Kilchenmann, V., Bogdanov, 
S., Fluri, P. (2003). Alternative strategy in central Eu-
rope for the control of Varroa destructor in honey 
bee colonies. Apiacta, 38, 258-285. Retrieved from 
https://www.apimondia.com/apiacta/articles/2003/
imdorf_2.pdf

Johnson, R. M., Dahlgren, L., Siegfried, B. D., & Ellis, 
M. D. (2013). Acaricide, Fungicide and Drug Interac-
tions in Honey Bees (Apis mellifera). PLoS ONE, 8(1). 
https://doi.org/10.1371/journal.pone.0054092

Jones, J. C., Helliwell, P., Beekman, M., Maleszka, R., Ol-
droyd, B. P. (2005). The effects of rearing tempera-
ture on developmental stability and learning and 
memory in the honey bee, Apis mellifera. Journal of 
Comparative Physiology. A, Neuroethology, Sensory, 
Neural, and Behavioral Physiology, 191(12), 1121-
1129. https://doi.org/10.1007/s00359-005-0035-z

Jones, J. C., Fruciano, C., Hildebrand, F., Al Toufalilia, H., 
Balfour, N. J., Bork, P., ... Hughes, W. O. (2018). Gut mi-
crobiota composition is associated with environmen-
tal landscape in honey bees. Ecology and Evolution, 
8(1):441-451. https://doi.org/10.1002/ece3.3597

Keller, L., & Jemielity, S. (2006). Social insects as 
a model to study the molecular basis of ageing. 
Experimental Gerontology, 41(6), 553-556. https://
doi.org/10.1016/j.exger.2006.04.00

Kucharski, R., Mitri, C., Grau, Y., & Maleszka, R. (2007). 
Characterization of a metabotropic glutamate re-
ceptor in the honeybee (Apis mellifera): Implications 
for memory formation. Invertebrate Neuroscience, 
7(2), 99-108. https://doi.org/10.1007/s10158-007-
0045-3

Lockett, G. A., Helliwell, P., & Maleszka, R. (2010). In-
volvement of DNA methylation in memory process-
ing in the honey bee. NeuroReport, 21(12), 812-816. 
https://doi.org/10.1097/WNR.0b013e32833ce5be

Lockett, G. A., Wilkes, F., & Maleszka, R. (2010). Brain 
plasticity, memory and neurological disorders: an epi-
genetic perspective. NeuroReport, 21(14), 909-913. 
https://doi.org/10.1097/WNR.0b013e32833e9288

Lynn, D.E. (2002). Methods for maintaining insect 
cell cultures. Journal of Insect Science, 2, 1-6.

McFrederick, Q. S., Wcislo, W. T., Taylor, D. R., Heather, 
I. D., Dowds, S. E., Muller, U. G. (2012). Environment 
or kin : whence do bees obtain acidophilic bacte-
ria? Molecular Ecology, 21, 1754-1768. https://doi.
org/10.1111/j.1365-294X.2012.05496.x

Medrzycki, P., Giffard, H., Aupinel, P., Belzunces, L. P., 
Chauzat, M.-P., Claßen, C., Vidau, C. (2013). Standard 
methods for toxicology research in Apis mellifera. 
Journal of Apicultural Research, 52(4), 1-60. https://



Dziechciarz et al.Dziechciarz et al.

12

New possibilities of the use Laboratory Cage Tests

doi.org/10.3896/IBRA.1.52.4.14

Mello, M. O., & Silva-Filho, M. C. (2002). Plant-insect 
interactions: an evolutionary arms race between 
two distinct defense mechanisms. Brazilian Jour-
nal of Plant Physiology, 14(2), 71-81. https://doi.
org/10.1590/S1677-04202002000200001

Menzel, R., & Giurfa, M. (2001). Cognitive architecture 
of a mini-brain: the honeybee. Trends in Cognitive 
Sciences, 5(2), 62-71.

Münch, D., Amdam, G. V., & Wolschin, F. (2008). Age-
ing in a eusocial insect: Molecular and physiological 
characteristics of life span plasticity in the honey 
bee. Functional Ecology, 22(3), 407-421. https://doi.
org/10.1111/j.1365-2435.2008.01419.x

Paleolog, J., Strachecka, A. J., Burzyński, S. R., Olszews-
ki, K., Borsuk, G. (2011). The larval diet supplemented 
with the low-molecular epigenetic switch sodium 
phenylacetylglutaminate influences the worker cu-
ticle proteolytic system in Apis mellifera L. Journal of 
Apiculural Science, 55(2), 67-77.

Pettis, J. S., Van Engelsdorp, D., Johnson, J., & Dively, 
G. (2012). Pesticide exposure in honey bees results 
in increased levels of the gut pathogen Nosema. 
Naturwissenschaften, 99(2), 153-158. https://doi.
org/10.1007/s00114-011-0881-1

Powell, J. E., Martinson, V. G., Urban-Mead, K., & Moran, 
N. A. (2014). Routes of Acquisition of the Gut Micro-
biota of the Honey Bee Apis mellifera. Applied and 
Environmental Microbiology, 80(23), 7378-7387. 
https://doi.org/10.1128/aem.01861-14

Ptaszyńska, A. A., Trytek, M., Borsuk, G., Buczek, K., 
Rybicka-Jasińska, K., Gryko, D. (2018). Porphyrins 
inactivate Nosema spp. microsporidia. Scientific 
Reports, 8(1), 1-11. https://doi.org/10.1038/s41598-
018-23678-8

Rangberg, A., Mathiesen, G., Amdam, G. V., & Diep, 
D.B. (2015). The paratransgenic potential of Lac-
tobacillus kunkeei in the honey bee Apis mellif-
era. Beneficial Microbes, 6(4), 513-523. https://doi.
org/10.3920/BM2014.0115

Rosenkranz, P., Aumeier, P., & Ziegelmann, B. (2010). 
Biology and control of Varroa destructor. Journal 
of Invertebrate Pathology, 103, 96-119. https://doi.
org/10.1016/j.jip.2009.07.016

Si, A., Zhang, S. W., & Maleszka, R. (2005). Effects 
of caffeine on olfactory and visual learning in the 
honey bee (Apis mellifera). Pharmacology Biochem-
istry and Behavior, 82(4), 664-672. https://doi.
org/10.1016/j.pbb.2005.11.009

Stasiak, P., & Sznitowska, M. (2010). Zastosowanie 
hodowli komórkowych w badaniach biofarmaceu-
tycznych. Farm Pol 66, 228-234.

Stokłosowa, S. (2004). Hodowla komórek i tkanek. 
Wydawnictwo Naukowe PWN, Warszawa.

Strachecka, A. J., Gryzińska, M. M., & Krauze, M. (2010). 
Influence of environmental pollution on the protec-
tive proteolytic barrier of the honey bee Apis mellif-
era mellifera. Polish Journal of Environmental Stud-
ies, 19(4), 855-859.

Strachecka, A. J., Paleolog, J., Borsuk, G., Olszewski, 
K., Bajda, M. (2012a). Metylowanie DNA u pszczoły 
miodnej (Apis mellifera) i jego wpływ na badania bio-
logiczne. Medycyna Weterynaryjna, 68(7), 392.

Strachecka, A. J., Paleolog, J., Olszewski, K., & Borsuk, 
G. (2012b). Influence of amitraz and oxalic acid on the 
cuticle proteolytic system of Apis mellifera L. work-
ers. Insects, 3(3), 821-832. https://doi.org/10.3390/
insects3030821

Strachecka, A. J., Paleolog, J., Borsuk, G., & Olszewski, 
K. (2012c). The influence of formic acid on the body 
surface proteolytic system at different develop-
mental stages in Apis mellifera L. workers. Journal 
of Apicultural Research, 51(3), 252-262. https://doi.
org/10.3896/IBRA.1.51.3.06

Strachecka, A. J., Borsuk, G., Olszewski, K., Paleolog, 
J., Gagoś, M., Chobotow, J., Bajda, M. (2012d). The ef-
fect of amphotericin B on the lifespan, body-surface 
protein concentrations, and DNA methylation levels 
of honey bees (Apis mellifera). Journal of Apicultural 



J. APIC. SCI.  Vol. 64 No. 1 2020J. APIC. SCI.  Vol. 64 No. 1 2020

13

Science, 56(2), 107-113. https://doi.org/10.2478/
v10289-012-0028-4

Strachecka, A. J., Sawicki, M., Borsuk, G., Olszewski, K., 
Paleolog, J., Bajda, M., Chobotow, J. (2013). Akarycydy 
jako sposób walki z roztoczami Varroa destructor 
w rodzinach pszczelich - skuteczność i zagrożenia. 
Medycyna Weterynaryjna, 69(4), 219-224.

Strachecka, A. J., Krauze, M., Olszewski, K., Borsuk, 
G., Paleolog, J., Merska, M., Grzywnowicz, K. (2014). 
Unexpectedly strong effect of caffeine on the vi-
tality of western honeybees (Apis mellifera). Bio-
chemistry (Moscow), 79(11), 1192-1201. https://doi.
org/10.1134/S0006297914110066

Strachecka, A. J., Olszewski, K., & Paleolog, J. (2015). 
Curcumin stimulates biochemical mechanisms of 
Apis mellifera resistance and extends the apian life-
span. Journal of Apicultural Science, 59(1), 129-141. 
https://doi.org/10.1515/jas-2015-0014

Strachecka, A. J., Łoś, A., Filipczuk, J., & Schulz M. 
(2018). Indywidualne i społeczne mechanizmy 
odporności. Medycyna Weterynaryjna, 74(7), 426-
433. DOI: dx.doi.org/10.21521/mw.6013

Suchail, S., Guez, D., & Belzunces, L. P. (2001). Discrep-
ancy between acute and chronic toxicity induced by 
imidacloprid and its metabolites in Apis mellifera. En-
vironmental Toxicology and Chemistry, 20(11), 2482-
2486. https://doi.org/10.1002/etc.5620201113

Szymaś, B., & Przybyl, A. (2007). Midgut Histological 
Picture of the Honey Bee (Apis Mellifera L.) Follow-
ing Consumption of Substitute Feeds Supplement-
ed With Feed Additives. Nauka Przyroda Technolo-
gie, 1(4), 48. 

Trujillo, J., Chirino, Y. I., Molina-Jijón, E., Andérica-
Romero, A. C., Tapia, E., Pedraza-Chaverrí, J. (2013). 
Renoprotective effect of the antioxidant curcumin: 
Recent findings. Redox Biology, 1(1), 448-456. 
https://doi.org/10.1016/j.redox.2013.09.003

Vojvodic, S., Rehan, S. M., & Anderson, K. E. (2013). 
Microbial Gut Diversity of Africanized and European 
Honey Bee Larval Instars. PLoS ONE 8(8): e72106. 
doi:10.1371/journal.pone.0072106

Woodcock, B. A., Isaac, N. J. B., Bullock, J. M., Roy, D. B., 
Garthwaite, D. G., Crowe, A., Pywell, R. F. (2016). Im-
pacts of neonicotinoid use on long-term population 
changes in wild bees in England. Nature Communica-
tions, 7, 1-8. https://doi.org/10.1038/ncomms12459

Yan, H., Bonasio, R., Simola, D. F., Liebig, J., Berger, S. 
L., Reinberg, D. (2015). DNA Methylation in Social 
Insects: How Epigenetics Can Control Behavior 
and Longevity. Annual Review of Entomology, 
60(1), 435-452. https://doi.org/10.1146/annurev-
ento-010814-020803


