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Abstract
Insects are a potential source of novel bioactive compounds with pharmaceutical applications. Our previous 
study revealed the presence of antioxidant system proteins in the aqueous extract of Ulomoides dermestoides 
Fairmaire 1893 larvae, which exhibited high antioxidant activity in vitro and improved cognitive and motor 
functions in aging mice. To determine whether the extract of Ulomoides dermestoides larvae can enhance 
motor control and cognitive performance in a neurotoxic model of the initial stage of Parkinson’s disease, 
adult male C57Bl/6 mice (n = 10/group) were injected intraperitoneally with paraquat neurotoxin, which 
penetrates the blood–brain barrier and causes oxidative stress that destroys dopaminergic neurons of the 
substantia nigra (more detail about protocol treatment and motor and cognitive impairments typical for the 
mice model of PD can be found in our previous publication – Kovalzon et al. [19]. Two groups, E0.2 and 
E0.4, received either 0.2 or 0.4 mg/kg of daily oral doses of the aqueous extract of Ulomoides dermestoides 
larvae, respectively, for 1 week before and during neurotoxin administration. The effects were compared 
to neurotoxin-only (Ctox) and intact control (Cin) groups. Motor coordination and cognitive performance 
were assessed using the Rotarod, vertical pole, and object recognition tests. Neurotoxin administration 
significantly impaired motor and cognitive functions in Ctox. The E0.4 but not E0.2 treatment significantly 
attenuated the behavioral effects of the neurotoxin (up to the 90% of Cin values). Oral administration of the 
aqueous extract of Ulomoides dermestoides larvae can significantly counteract the impairments of motor 
skills and cognitive performance induced by the neurotoxic model of Parkinson’s disease. The neuroprotec-
tive effect is likely to reflect the earlier established antioxidant properties of the extract.
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Introduction

In recent years, the recognition of oxidative stress as a crucial contributor to the pathochemical mechanisms of 
neuronal damage in Parkinson’s disease has led to the possibility of antioxidant therapy [3, 11, 13, 33]. Free radical 
oxidation plays important role in both normal and pathological processes, including neuro-cognitive and inflammatory 
responses, vascular tone modulation, excitation propagation, cell growth regulation, neuroplasticity, neurotransmit-
ter secretion, and the development of neurodegenerative and autoimmune diseases. Therefore, the regulation of free 
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radical reactions by antioxidants is of utmost importance. The antioxidant system, primarily composed of enzymes, 
such as superoxide dismutase, catalase, and coenzyme glutathione, along with low molecular weight non-enzymatic 
antioxidants (such as vitamins A, C, D, E, K, F, ubiquinones, tryptophan, phenylalanine, flavonoids, carotenes, lipoic 
acid, cysteine, and methionine), modulates the activity of free radicals. Under pathological conditions, a disbalance 
between the pro- and antioxidant systems leads to the accumulation of free radicals, causing irreversible changes in 
membrane lipids, proteins, polysaccharides, and nucleic acids. This phenomenon is known as oxidative stress.
The compact part of the substantia nigra in the brain is highly susceptible to the generation of free radicals. Dopamine, 
synthesized by neurons in this region, undergoes enzymatic degradation. Some of the products of this degradation 
process can include hydrogen peroxide, which can further decompose into hydroxyl radicals, the highly reactive and 
potentially toxic species. Under normal conditions, the glutathione system is responsible for inactivating these radi-
cals. However, with advancing age, the activity of antioxidant system decreases, and this can be one of the reasons 
for the reduced resistance of dopaminergic nigrostriatal neurons to pro-parkinsonian factors and the increase in the 
prevalence of Parkinson’s disease in elderly patients [7, 37].
Advancements in understanding the pathogenesis of neurodegenerative disorders heavily rely on the development of 
suitable experimental models. Particularly, interest lies in models representing preclinical and early clinical stages of 
Parkinson’s disease [39]. One of those is the neurotoxic model, which is induced by a pesticide paraquat (1,1’-dime-
thyl-4–4’-bipyridine dichloride) [2, 4, 21, 25, 26, 43]. Upon penetrating the blood–brain barrier, paraquat is taken up 
by the dopamine transporter protein, to its delivery to the neurons located in the compact part of the substantia nigra. 
In dopaminergic neurons, paraquat initiates a cycle of oxidative stress, impairing mitochondrial functions, promoting 
protein aggregation (such as the formation of Lewy bodies), and stimulating further production of pro-inflammatory 
mediators. This results in the death of these neurons, leading to reduced dopamine release and the manifestation of 
Parkinson’s disease like symptoms in the experimental mice.
The search for natural antioxidants that can alleviate age-related disorders, including reduced resistance to pro-
parkinsonian factors, is a pertinent research area [31]. Of particular interest are the antioxidants of natural origin 
and insects are one of the potential sources of such bioactive compounds for pharmaceutical applications [1, 9, 12, 
35]. Tenebrionid beetles are traditionally used in Central and South America to treat Asthma bronchiale [10]. In the 
pathogenesis of this disease, oxidative stress caused by various inhalable pollutants plays an important role. At the 
same time, experimental studies, including those in our laboratory, have shown that darkling beetle extracts have 
potent antioxidant, anti-inflammatory and antimicrobial activity [16, 24, 40, 45]. Since oxidative stress (including our 
experimental model) is one of the main factors influencing the development of Parkinson’s disease, we hypothesized 
that the antioxidant activity of the darkling beetle extract could counteract the death of brain neurons and the develop-
ment of symptoms of this disease. As neuronal death caused by oxidative stress may not be limited to the substantia 
nigra only and is likely to affect higher brain functions related to memory and attention, we also tried to determine 
the effect of the extract in the object recognition memory test.
The tenebrionid Ulomoides dermestoides Fairmaire 1983 (Coleoptera: Terebrionidae) (synonyms: Martianus derm-
estoides; Palembus dermestoides) is a darkling beetle regarding a medical insect because its whole-body extracts and fats 
demonstrate broad spectrum pharmacological activity [5, 18, 23, 34, 44]. Earlier, we detected antioxidant proteins in an 
aqueous extract of Ulomoides dermestoides darking beetle larvae [42]. Out of a total of 169 proteins and protein groups 
documented in the extract, 104 proteins were reliably identified and included those with antioxidant activity, such as 
cytochrome C-2, nucleoside diphosphate kinase, calmodulin, superoxide dismutase, catalase, glutathione S-transferase, 
peroxiredoxin, glutathione synthetase, thioredoxin, 70 kDa and 60 kDa heat shock proteins, and chitinase complex. Col-
lectively these represented 13.4% of the extract weight and could be responsible for the antioxidant effects of the extract 
observed. In an in vitro study, the catalase activity was 64.7 ± 10.1 µmol  H2O2/min/mg protein, with the antioxidant activity 
of 1 mg of protein per ml of the extract being equivalent to 2.1 ± 0.15 mM trolox.
Importantly, unlike the extract from adult darkling beetle Ulomoides dermestoides that also has antioxidant activity [40], 
the larval extract did not include toxic phenolic compounds. Administration of 0.4 mg/kg of the larval extract with food 
twice a week for three months improved object recognition ability and coordination of movements in aging mice [42]. In 
this study, we aimed to investigate the effects of the same aqueous extract of Ulomoides dermestoides larvae on the motor 
control and cognitive performance of mice in a neurotoxic model of the initial stage of Parkinson’s disease.
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Materials and methods

Animals

We used adult male C57Bl/6jsto mice weighing 25–30 g from our local colony. The mice were housed individually in 
cages in a vivarium room with controlled environmental conditions, including a temperature of 22–24 °C and a 12-h light/
dark cycle; lights on at 9:00 AM and off at 9:00 PM. Each mouse received 15 g of food per day, consisting of boiled oats 
and peas with vegetable oil, according to their standard diet. We based the amount of food on the average consumption 
of mice in our colony, and we observed that the mice typically consumed all of the food provided.

Extract preparation

In this study, we examined the aqueous extracts obtained from Ulomoides dermestoides larvae that were cultivated 
under controlled laboratory conditions on dry food substrates, consisting of a mixture of oatmeal and corn flour [42]. 
The larvae were separated from the feed substrate, and the biomass was washed and homogenized in cold distilled water, 
followed by a 2-day cold extraction with slow stirring. The extract was pre-filtered to remove solids, and then filtered 
using 0.1 μm antibacterial filter (Millipore membrane filter, Merck, Germany). The resulting extract was stored at -18 °C 
until further use. Prior to the experiment, the extract was immobilized onto a food sorbent, and the resulting mixture was 
lyophilized to obtain a dry powder containing the extract, which was subsequently added as experimental powder to the 
diet of the experimental animals.

Treatment and experimental design

Standard protocol for the induction of Parkinson’s disease like symptoms using neurotoxin was used, as described 
earlier [19]. In brief, 10 mg/kg of paraquat (Paraquat-dichlorid, SIGMA) was dissolved in 0.3 ml of saline and injected 
intraperitoneally daily between 15.00 and 17.00 h for 3 days.
The mice were randomly assigned into four groups of 10 mice each: two experimental and two control groups. The con-
trols included the intact group (Cin), which received no treatment, and the toxin-only group (Ctox). The experimental 
groups E0.2 and E0.4 received both the neurotoxin injections and the larval extract, immobilized onto a food sorbent 
mixed with food, 0.2 mg/kg of body weight (E0.2 group) or 0.4 mg/kg of body weight (E0.4 group). The choice of the 
experimental doses of the extract was based on the earlier findings using the adult beetle extract [19]. The extract treat-
ment started one week prior to the first injection of the neurotoxin and continued throughout the experiment, until the 
end of the behavioral testing.
Four days after the last administration of the toxin, the effects of the treatment were evaluated for motor activity and 
coordination (the Rotarod and vertical pole tests) [15, 22, 29, 30] and cognitive performance (object recognition memory 
test) [17]. The whole testing period lasted eight days.

Behavioral testings

Rotarod test

Testing was conducted as described earlier [19, 41]. In brief, the experimental procedure involved placing mice on a 
Rotarod that was set to rotate at 6 rpm for a period of 600 s, followed by an automatic increase in the rotation speed by 
1 rpm every 30 s until the speed of 20 rpm was reached. The retention time and the sustained maximum rotation speed 
were recorded. The test was considered successfully completed if the mouse retention time was 1050 s including 30 s at 
the sustained maximum rotation speed of 20 rpm.
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Vertical pole test

Testing was conducted as previously reported [19, 41]. In brief, the test involved placing a mouse with its head upwards 
close to the top of a vertical 50 cm high pole with a diameter of 1 cm. Typically, a mouse would reorient itself to descend 
to the bottom of the pole. The mouse was then returned to its cage for at least 30 s, followed by 2 more trials with the 
30-s intervals between them. The test was considered successful if the mouse completed its descent from the pole within 
3 min from the start of testing. If more than 3 min elapsed, it was taken off the pole and the trial was not included in the 
statistical analysis. All experiments were video recorded for further behavioral analysis, using behavioral data analysis 
and presentation software BORIS 7.13. Since it is difficult for a mouse to stay on a pole and in the vast majority of cases 
it tends to descend from it, just what allows or, on the contrary, prevents the mouse from being on the pole longer may 
indicate the presence or impairment of motor control mechanisms (the longer the mouse is on the pole, the better motor 
control is). On the other hand, the presence of effective motor control mechanisms may allow the mouse to descend from 
the pole faster without wasting effort trying to stay on it. Based on this, to assess the effectiveness of motor control and 
coordination in mice of the control and experimental groups, we chose the parameter of the maximum time spent on the 
pole in three attempts.

Object recognition memory test

A cognitive performance test to evaluate the recognition of new objects, referred to as "response to novelty", was con-
ducted as described earlier [14, 17, 41]. The recognition technique is based on the tendency of rodents to examine a new 
object longer than an already familiar one, the one with which they have already been in contact, which serves as an object 
for comparison. Mice were tested in standard cages (29.5 × 18.5 × 13 cm). Before testing, the mouse was placed in an empty 
cage for 10 min for habituation. It was then placed in a test cage with two identical small objects (~ 2 × 4 cm each) fixed 
3 cm apart (to prevent their movement due to the animal’s exploratory activity). The animal was allowed to examine the 
objects for the next 5 min. Examination of the object included sniffing the object from a distance of up to 3–4 cm, sniffing 
the object on direct contact, licking and attempting to gnaw the object. Video recording of mouse activity was performed 
using a Canon LEGRIA HF G60 camera. After five minutes of testing the mouse was placed in a habituation cage for 
10 min. The animal was then returned to the cage for testing with the same objects and the procedure was repeated two 
more times with the 10-min interval between them, for a total of 3 presentations. This is the phase of memorization, or 
"familiarization" with the object, which was used as a reference to assess the ability to distinguish a novel object.
Test presentations were performed sequentially 3 and 24 h after the last presentation in the familiarization phase. The 
duration of the test presentations was 5 min. One of the reference objects during test presentations was replaced by a 
new one. The new object differed from the reference one in several ways—material, texture, shape and color. After each 
presentation, the cage and objects were thoroughly wiped with an alcohol solution, so as not to leave any olfactory sig-
nals of mouse presence in the cage. When analyzing the data, the average examination time of the new and the reference 
object in the two tests was taken into account. If the duration of the examination of one of the objects in the test (the first 
or second trial) did not exceed 0.5 s, the test was not considered passed; in this case the data obtained from this mouse 
were excluded from the statistical analysis (since such mouse demonstrated a weak exploratory activity and showed no 
interest in the objects). For this reason, the data from the two males (from groups E0.2 and E0.4) were not included in 
the statistical analysis.

Statistical analysis

A nonparametric Kruskal–Wallis test was used in the analysis of data obtained on the Rotarod and vertical pole. Post 
hoc pairwise comparisons were performed using the Conover-Iman test. In addition, when analyzing the vertical pole 
data, inter-group comparisons were made of the proportion of the actual maximum time spent by the mouse on the pole 
versus the maximum possible time on the pole under experimental conditions  (Nx180 for all groups, where N is the 
number of individuals in the group, and 180 is the maximum possible duration on the pole, expressed in seconds). The 
analysis of the data obtained in the test for recognition of new objects was carried out using the Wilcoxon test. Intergroup 
comparisons were made between the proportions of the average actual time used by control and experimental groups 
mice to examine new and reference objects, according to the formula  Nx300, where N is the number of individuals in the 
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group, and 300 is the maximum duration of the test, expressed in seconds. The proportions were compared using the χ2 
test. Adjusted Wald test was used for pairwise post hoc comparisons. If it was not possible to use the analysis of variance 
due to the wide variation in the data and insufficient n in each sample, hierarchical cluster analysis was used to determine 
the degree of correlation between the data. The proximity between variables was measured using Pearson’s dissimilarity 
test. The complete linkage was used as agglomeration method. To define the truncation level automatically, the inertia 
method was used. During the course of the experiment, one male died in group Cin of an unknown cause. The data for this 
mouse were not included in the statistical analysis of object recognition memory test. Eventually, the statistical analysis 
of this test included data from 9 males in groups E0.2, E0.4, and Cin, and 10 males in group Ctox. The behavioral indices 
recorded in groups Ctox and Cin were used as the reference values. The deviation of these indices in groups E0.4 and E0.2 
from those in group Ctox, and their proximity to those in group Cin, were used to evaluate the effect of the larval extract.
The statistical analysis was performed using the software packages NCSS 21.0.4 and XLSTAT 2019.2.2.

Results

Rotarod test

Based on the findings presented in Fig. 1 and Table 1, it can be observed that the mice in group E0.4 exhibited perfor-
mance that was most similar to that of group Cin, with E0.4 mice demonstrating 90–92% of the performance of Cin mice 
in both limiting sustained Rotarod speed (Fig. 1A) and maximum retention time on the Rotarod (Fig. 1B). The results 
of group E0.2, although showing a bias from Ctox to Cin, were lower than for group E0.4. This is also confirmed by the 
results of cluster analysis (Fig. 2A, B), which show that groups Cin and E0.4 are combined into one cluster, and Ctox 
and E0.2 into another.

Vertical pole test

The behavior of the mice on the pole was varied, but did not differ significantly in all experimental and control groups. 
Mice could come down from it, head down or sideways, slip off it or jump off it. As can be seen from Fig. 3A, the medians 
of maximum duration on the pole did not differ significantly, but there was a clear tendency to shift from the Ctox to the 
Cin values in the E0.4 and E0.2 groups. This trend is also evident from the cluster analysis (Fig. 3B): the data for maximum 
duration on the pole in mice of experimental and control groups are distributed in two clusters: data from groups Cin and 
E0.4 are combined into one cluster, and Ctox and E0.2 into another. The result of group E0.4 is the closest to that of group 
Cin and was 90% of it. At the same time, paired intergroup comparisons of the proportion of the actual maximum time spent 

Fig. 1  Motor performance 
on the Rotarod test. A. The 
sustained maximum rotation 
speed (rpm). B. Retention 
time (seconds). In A and B, 
data presented as median 
(percentile: 10–90%)
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by mice on the pole, relative to the maximum possible duration according to the experimental conditions, showed (Table 2) 
that this proportion was significantly lower in group Ctox and in both experimental groups (E0.4 and E0.2) than in group 
Cin. It can be argued that the results of the vertical pole test were generally consistent with those of the Rotarod test. As the 
results showed, the features and characteristics of pole-descending behavior did not differ significantly between the mice in 

Table 1  Motor performance on the Rotarod test. Results of the Conover-Iman test for pairwise comparisons of the retention time and the sus-
tained maximum rotation speed of mice in the control and experimental groups. The Kruskal–Wallis test statistic and probability level (P) are 
also presented for the retention time (H3 = 13.9; P = 0.003) and sustained maximum rotation speed (H3 = 3.95; P = 0.003)

Groups compared Retention time The sustained maximum rotation speed

Differences of means of 
ranks

Probability level (P) Differences of means of 
ranks

Probability level (P)

Ctox/ E0.4 9.3 0.034* 8.7 0.046*
Ctox/ E0.2 8.1 0.063 8.1 0.062
Ctox/ Cin 18.8  < 0.001* 18.8  < 0.001*
E0.4/ Cin 9.5 0.031* 10.1 0.022*
E0.2/ E0.4 1.2 0.778 0.6 0.888
E0.2/ Cin 10.7 0.016* 10.7 0.016*

Fig. 2  Dendrograms of 
hierarchical cluster analysis of 
Rotarod test data: A. Reten-
tion time (seconds). B. The 
sustained maximum retention 
speed. The Y-axis in both 
graphs in Fig. 2 and graph B 
in Fig. 3 represents the Pear-
son’s dissimilarity coefficient 
values. A dashed line in that 
figures indicates the level of 
truncation

Fig. 3  Data and hierarchical 
cluster analysis of data of 
maximum duration of stay 
on the vertical pole for both 
experimental and control 
groups of mice. A. Median 
and standard deviation (σ) 
of the maximum duration 
(seconds). B. Dendrogram of 
hierarchical cluster analysis of 
data of the maximum duration
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the control and experimental groups. Since the pole-descending behavior of the Ctox and E.0.2 mice was not more complex 
and coordinated than that of the Cin and E0.4 mice, the faster pole-descending behavior of the mice from these groups 
cannot be explained by a more efficient motor control of the descending movements. From this we can conclude that the 
faster descent from the pole in Ctox and E.0.2 mice is due to weaker motor control and limited ability to stay on the pole.

Object recognition memory test

In group E0.4, similarly to group Cin, a significant "novelty response" was observed: the time spent examining a 
new object and the proportion of time spent on it were both significantly higher than those spent on the reference object 
(Tables 3 and 4). Furthermore, the median ratio of time spent examining a new object versus a reference object was higher 
in groups Cin and E0.4 compared to groups Ctox and E0.2, as shown in Fig. 4. Conversely, in groups Ctox and E0.2, 
there was no significant difference in the time spent examining a new versus a reference object. Therefore, the "novelty 
response" was attenuated by the neurotoxin, but the extract at a higher dose prevented this effect.

Discussion

The present study of the effect of Ulomoides dermestoides larvae extract on the motor skills and cognitive abilities of 
C57BL/6 mice in a neurotoxic model of the initial stage of Parkinson’s disease demonstrates that the extract, when admin-
istered with food (0.4 mg/kg body weight test drug), to significant extent (up to 90%) eliminates the negative effects of 
paraquat injections. Specifically, the extract effectively prevents the development of motor skills and motor coordination 
impairments in intoxicated mice and preserves their exploratory activity towards the new object. It remains to be elucidated 
whether the effects observed are due to one or several substances contained in the extract. Although earlier established 
antioxidant properties of this extract [42] suggest that the effects observed can be related to those, future studies are war-
ranted to explore the alternatives. Additionally, a decrease in the extract dosage results in a reduction in its effectiveness.
The primary challenges in the study of neurodegenerative diseases are the creation of adequate experimental models and 
the search for early markers. In our previous study [19] it was shown that twice (one day apart) injection of paraquat neuro-
toxin at a dose of 10 mg/kg reduces the number of dopamine-synthesizing (tyrosine hydroxylase-immunopositive) cells in 

Table 3  Post hoc pairwise 
comparisons using the 
adjusted Wald test for the 
proportion of actual duration 
of mice examination of the 
reference and new object in 
the experimental and control 
groups from the maximum 
possible duration according 
to experimental conditions, 
analyzed using the chi-square 
test

Groups χ2 test statistic and prob-
ability level (P)

Wald test statistics 
(Student range Q)

Proportions of the object’s 
examination time

Probabil-
ity level 
(P)

New Referent

Ctox χ2 = 3.366 2.584 0.042 0.033 0.068
P = 0.067

Cin χ2 = 9.017 4.232 0.050 0.033 0.003*
P = 0.003*

E0.4 χ2 = 5.197 3.207 0.036 0.026 0.023*
P = 0.023*

E0.2 χ2 = 0.559 1.051 0.029 0.026 0.458
P = 0.455

Table 4  Comparison of the 
duration of examination of a 
reference and a new object by 
mice in the experimental and 
control groups (Wilcoxon test)

Groups Wilcoxon test statistics (Z) Probability 
level (P)

Ctox 1.478 0.139
Cin 2.073 0.038*
E0.4 2.429 0.015*
E0.2 0.652 0.515
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ventral substantia nigra by 31.5% compared to control. This pattern corresponds to the initial stage of Parkinson’s disease, 
in which no obvious motor disturbances are observed yet [39]. However, testing of mice on a Rotarod and a vertical pole, 
performed in our previous and present studies, reveals an emerging impairment of motor control. Additionally, the present 
study revealed cognitive impairment for the first time for this neurotoxin, as demonstrated by a relative decrease in the 
time spent examining a new object (compared to the reference object) under the influence of the neurotoxin. Whether this 
suppression of the "novelty response" is due to perceptual, emotional, or mnemonic deficits in the experimental animals, it 
is premature to judge from the results of the present study. It is interesting to note, however, that apathy, a "loss of interest 
in novelty", is characteristic of Parkinson’s disease patients and occurs early in the disease, presumably associated with 
impaired dopaminergic control of "emotionogenic" striatum structures [20, 28, 36, 38].
Insects have been extensively utilized in medicine; however, only a few substances derived from them have been thor-
oughly investigated using modern scientific techniques to confirm their therapeutic properties, and they have been utilized 
to produce medications. Such drugs have been used to treat various diseases, such as gastrointestinal, oncological, der-
matological, respiratory, and urological diseases [6, 8, 27, 32]. Extracts obtained from Ulomoides dermestoides insects 
hold potential as medicinal agents, including for Parkinson’s disease, as they contain potent natural antioxidant complexes 
with confirmed physiological activity.

Conclusion

Here we show that oral administration of the aqueous extract of Ulomoides dermestoides larvae can significantly 
attenuate the impairments of motor skills and cognitive performance induced in C57BL/6 mice neurotoxic model of the 
initial stage of Parkinson’s disease. The effect of the extract is dose-dependent. These findings suggest that this extract 
larval may hold promise as a natural, powerful antioxidant with potential therapeutic applications in Parkinson’s disease.

Acknowledgements The authors thank A.A. Kozlova, E.A.Levenko and G.N. Fesenko for participating in this study, NATURBION LLC 
(Moscow, Russia) for financial support and I.V.Zhdanova (Boston, MA) for reading and correcting the manuscript.

Author contribution Conceptualization: Nina A. Ushakova, Alexander V. Ambaryan, Vladimir M. Kovalzon; Methodology: Nina A. Usha-
kova, Alexander V. Ambaryan; Writing—original draft: Vladimir M. Kovalzon; Writing—review & editing: Nina A. Ushakova, Alexander V. 
Ambaryan, Vladimir M. Kovalzon; Formal analysis and investigation: Alexander V. Ambaryan, Vladimir M. Kovalzon; Supervision: Nina A. 
Ushakova; Funding acquisition: Nina A. Ushakova; Resources: Nina A. Ushakova, Vladimir M. Kovalzon; Software: Alexander V. Ambaryan; 
Data curation: Nina A. Ushakova, Alexander V. Ambaryan, Vladimir M. Kovalzon.

Fig. 4  The median (IQR fac-
tor = 1.5) ratio of the examina-
tion time of a new object to 
that of a reference object by 
mice in both experimental and 
control groups. The Y-axis 
represents the ratio of time 
spent examining a new object 
compared to the reference 
object

760



Neuroscience and Behavioral Physiology (2023)53:752–762

Data availability Data will be made available upon request.

Declarations 

Ethical approval Experiments on animals in vivo were conducted in accordance with the internationally accepted principles for laboratory 
animal use and care as found in the European Community guidelines (EEC Directive of 1986; 86/609/EEC) and supported by the Ethics Com-
mission of the IPEE RAS (Protocol No. 56 of 03/22/2022).

Competing interest The authors declare the absence of obvious and potential conflicts of interest related to the publication of this article. The 
sponsoring organization was not involved in the planning and execution of the experiments, the data processing and analysis, as well as the 
decision to publish them, the writing, discussion and editing of this manuscript.

REFERENCES

 1. Adamski Z, Bufo SA, Chowański S, Falabella P, Lubawy, J, Marciniak P, Pacholska-Bogalska J, Salvia R, Scrano L, Słocinská M, Spochacz 
M, Szymczak M, Urbański A, Walkowiak-Nowicka K, Rosiński G (2019) Beetles as model organisms in physiological, biomedical and 
environmental studies - A review. Front Physiol 10: 319. https:// doi. org/ 10. 3389/ fphys. 2019. 00319

 2. Bastías-Candia S, Zolezzi JM, Inestrosa NC (2019) Revisiting the paraquat-induced sporadic Parkinson’s disease-like model. Mol Neu-
robiol 56(2):1044-1055. https:// doi. org/ 10. 1007/ s12035- 018- 1148-z

 3. Beitz JM (2014) Parkinson’s disease: a review. Front Biosci S6:65-74. http://doi.org/https:// doi. org/ 10. 2741/ s415
 4. Brooks A.I, Chadwick CA, Gelbard HA, Cory-Slechta DA, Federof HJ (1999) Paraquat elicited neurobehavioral syndrome caused by 

dopaminergic neuron loss. Brain Res 823(1-2):1–10
 5. Cázares-Samaniego PJ, Castillo CG, Ramos-López MA, González-Chávez MM (2021) Volatilome and essential oil of Ulomoides derm-

estoides: A broad-spectrum medical insect. Molecules 26:631. https:// doi. org/ 10. 3390/ molec ules2 62063 11
 6. Chantawannaku P (2020) From entomophagy to entomotherapy. Front Biosci - Landmark 25(1):179–200. https:// doi. org/ 10. 2741/ 4802
 7. Chesnokova AY, Ekimova IV, Pastukhov YF (2019) Parkinson’s disease and aging. Adv Gerontol 9:164–173. https:// doi. org/ 10. 1134/ 

S2079 05701 90200 85
 8. Choudhary P, Sharma AKS, Mishra YK, Nayak S (2022) Entomotherapy medicinal significance of insects: A review. The Pharma Innova-

tion Journal SP-11(4):25–29
 9. Chowanski S, Adamski Z, Lubawy J, Marciniak P, Pacholska-Bogalska J, Slocinska M, Spochacz M, Szymczak M, Urbanski A, Walkow-

iak-Nowicka K, Rosinski G (2017) Insect peptides - perspectives in human diseases treatment Curr Med Chem 24(29): 3116–3152. https:// 
doi. org/ 10. 2174/ 09298 67324 66617 05261 20218

 10. Costa-Neto EM (2002) The use of insects in folk medicine in the state of Bahia, Northeastern Brazil, with notes on insects reported 
elsewhere in Brazilian folk medicine. Hum Ecol 30(2):245–263. https:// doi. org/ 10. 1023/A: 10156 96830 997

 11. Danta CC, Piplani P (2014) The discovery and development of new potential antioxidant agents for the treatment of neurodegenerative 
diseases. Expert Opin Drug Discov 9(10):1205–1222. https:// doi. org/ 10. 1517/ 17460 441. 2014. 942218

 12. Deyrup ST, Stagnitti NC, Perpetua MJ, Wong-Deyrup SW (2021) Drug discovery insights from medicinal beetles in traditional Chinese 
medicine. Biomol Ther 29(2):105–126. https:// doi. org/ 10. 4062/ biomo lther. 2020. 229

 13. Duarte-Jurado AP, Gopar-Cuevas Y, Saucedo-Cardenas O, Loera-Arias MDJ, Montes-de-Oca-Luna R, Garcia-Garcia A, Rodriguez-Rocha 
H (2021) Antioxidant therapeutics in Parkinson’s disease: current challenges and opportunities. Antioxidants 10:453. https:// doi. org/ 10. 
3390/ antio x1003 0453

 14. Ennaceur A, Delacour J (1988) A new one-trial test for neurobiological studies of memory in rats. 1: Behavioral data. Behav Brain Res. 
31(1):47–59. https:// doi. org/ 10. 1016/ 0166- 4328(88) 90157-x

 15. Fernagut PO, Chalon S, Diguet E, Guilloteau D, Tison F, Jaber M (2003) Motor behaviour deficits and their histopathological and func-
tional correlates in the nigrostriatal system of dopamine transporter knockout mice. Neuroscience 116(4):1123–1130. https:// doi. org/ 10. 
1016/ s0306- 4522(02) 00778-9

 16. Flores DR, Casados LE, Velasco SF, Ramírez AC, Velázquez G (2020) Comparative study of composition, antioxidant and antimicrobial 
activity of two adult edible insects from Tenebrionidae family. BMC Chem 14:55. https:// doi. org/ 10. 1186/ s13065- 020- 00707-0

 17. Hölter S, Garrett L, Einicke J, Sperling B, Dirscherl P, Zimprich A, Fuchs H, Gailus-Durner V, Hrabě de Angelis M, Wurst W (2015) 
Assessing cognition in mice. Curr Protoc Mouse Biol 5(4):331–358. https:// doi. org/ 10. 1002/ 97804 70942 390. mo150 068

 18. Jasso-Villagomez EI, Garcia-Lorenzana M, Almanza-Perez JC, Fortis-Barrera MA, Blancas-Flores G, Roman-Ramos R, Prado-Barragan 
LA, Alarcon-Aguilar FJ (2018) Beetle (Ulomoides dermestoides) fat improves diabetes: effect on liver and pancreatic architecture and on 
PPARg expression. Braz J Med Biol Res 51(6):e7238. https:// doi. org/ 10. 1590/ 1414- 431X2 01872 38

 19. Kovalzon VM, Ambaryan AV, Revishchin, AV, Pavlova GV, Rybalkina EY, Bastrakov AI, Ushakova NA (2021) Biological activity of the 
Tenebrionidae beetle antioxidant complex in a murine neurotoxic model of Parkinson’s disease. Syst Rev Pharm 12(10): 569–577. https:// 
doi. org/ 10. 51268/ srp. 2021. 10.7

 20. Lucas-Jiménez O, Ojeda N, Peña J, Cabrera-Zubizarreta A, Díez-Cirarda M, Gómez-Esteban JC, Gomez-Beldarrain MA, Ibarretxe-Bilbao 
N (2018) Apathy and brain alterations in Parkinson’s disease: a multimodal imaging study. Ann Clin Transl Neurol 5(7):803–814. https:// 
doi. org/ 10. 1002/ acn3. 578

761

https://doi.org/10.3389/fphys.2019.00319
https://doi.org/10.1007/s12035-018-1148-z
https://doi.org/10.2741/s415
https://doi.org/10.3390/molecules26206311
https://doi.org/10.2741/4802
https://doi.org/10.1134/S2079057019020085
https://doi.org/10.1134/S2079057019020085
https://doi.org/10.2174/0929867324666170526120218
https://doi.org/10.2174/0929867324666170526120218
https://doi.org/10.1023/A:1015696830997
https://doi.org/10.1517/17460441.2014.942218
https://doi.org/10.4062/biomolther.2020.229
https://doi.org/10.3390/antiox10030453
https://doi.org/10.3390/antiox10030453
https://doi.org/10.1016/0166-4328(88)90157-x
https://doi.org/10.1016/s0306-4522(02)00778-9
https://doi.org/10.1016/s0306-4522(02)00778-9
https://doi.org/10.1186/s13065-020-00707-0
https://doi.org/10.1002/9780470942390.mo150068
https://doi.org/10.1590/1414-431X20187238
https://doi.org/10.51268/srp.2021.10.7
https://doi.org/10.51268/srp.2021.10.7
https://doi.org/10.1002/acn3.578
https://doi.org/10.1002/acn3.578


Neuroscience and Behavioral Physiology (2023)53:752–762

 21. Marsova M, Poluektova E, Odorskaya M, Ambaryan A, Revishchin A, Pavlova G, Danilenko V (2020) Protective effects of Lactobacillus 
fermentum U-21 against paraquat-induced oxidative stress in Caenorhabditis elegans and mouse models. World J Microbiol Biotechnol 
36:104. https:// doi. org/ 10. 1007/ s11274- 020- 02879-2

 22. Matsuura K, Kabuto H, Makino H, Ogawa N (1997) Pole test is a useful method for evaluating the mouse movement disorder caused by 
striatal dopamine depletion. J Neurosci Meth 73(1):45-48. https:// doi. org/ 10. 1016/ s0165- 0270(96) 02211-x

 23. Mendoza MDL, Saavedra AS (2013) Chemical composition and anti-irritant capacity of whole body extracts of Ulomoides dermestroides 
(coleoptera, tenebrionidae). Vitae 20(1):41–48. https:// doi. org/ 10. 17533/ udea. vitae. 10994

 24. Mendoza MD, Salgado YM, Durant IL (2013) Antioxidant capacity of whole-body methanolic extracts of the beetle Ulomoides derm-
estoides (Chevrolat, 1893). Rev Cubana Invest Bioméd 32 (4):402–410

 25. McCormack AL, Thruchelvam M, Manning-Bog AB, Thiffult C, Langston JW, Cory-Slechta DA, Di Monte DA (2002) Environmental 
risk factors and Parkinson’s disease: selective degeneration of nigral dopaminergic neurons caused by the herbicide paraquat. Neurobiol 
Dis 10(119):119–127. https:// doi. org/ 10. 1006/ nbdi. 2002. 0507

 26. McCormack AL, Atienza JG, Johnston LC, Andersen JK, Vu S, Di Monte DA (2005) Role of oxidative stress in paraquat‐induced dopa-
minergic cell degeneration. J Neurochem 93(4):1030–1037. https:// doi. org/ 10. 1111/j. 1471- 4159. 2005. 03088.x

 27. Mozhui L, Kakati LN, Meyer-Rochow VB (2021) Entomotherapy: a study of medicinal insects of seven ethnic groups in Nagaland, North-
East India. J Ethnobiol Ethnomed 17:17. https:// doi. org/ 10. 1186/ s13002- 021- 00444-1

 28. Nodel M, Yakhno N, Medvedeva A, Kulikov M (2014) Apathy in Parkinson disease. Front Biol 9:324–331. https:// doi. org/ 10. 1007/ 
s11515- 014- 1322-2

 29. Ogawa N, Hirose Y, Ohara S, Ono T, Watanabe Y (1985) A simple quantitative bradykinesia test in MPTP-treated mice. Res Commun 
Chem Pathol Pharmacol 50(3):435-441

 30. Ogawa N, Mizukawa K, Hirose Y, Kajita S, Ohara S, Watanabe Y (1987) MPTP-induced parkinsonian model in mice: Biochemistry, 
pharmacology and behavior. Eur Neurol 26(1):16–23

 31. Park H-A, Ellis AC (2020) Dietary antioxidants and Parkinson’s disease. Antioxidants. 9: 570. https:// doi. org/ 10. 3390/ antio x9070 570
 32. Park SJ, Kim K-Y, Baik M-Y, Koh YH (2022) Sericulture and the edible-insect industry can help humanity survive: insects are more than 

just bugs, food, or feed. Food Sci Biotechnol. 31(6):657–668. https:// doi. org/ 10. 1007/ s10068- 022- 01090-3
 33. Percário S, da Silva AB, Varela ELP, Gomes ARQ, Ferreira MES, de Nazaré TAM, Dolabela M.F (2020) Oxidative stress in Parkinson’s 

disease: potential benefits of antioxidant supplementation. Oxidat Med Cell Long. 2020:2360872. https:// doi. org/ 10. 1155/ 2020/ 23608 72
 34. Santos RCV, Lunardelli A, Caberlon E, Bastos CMA, Nunes FB, Pires MGS, Biolchi V, Paul EL, Vieira FBC, do Carmo Aquino AR, 

Corseuil E, de Oliveira JR (2010) Anti-inflammatory and immunomodulatory effects of Ulomoides dermestoides on induced pleurisy in 
rats and lymphoproliferation in vitro. Inflammation. 33:173–179.https:// doi. org/ 10. 1007/ s10753- 009- 9171-x

 35. Seabrooks L, Hu L (2017) Insects: An underrepresented resource for the discovery of biologically active natural products. Acta Pharm 
Sin B 7(4):409-426. https:// doi. org/ 10. 1016/j. apsb. 2017. 05. 001

 36. Solís-Vivanco R, Rodríguez-Violante M, Cervantes-Arriaga A, Justo-Guillén E, Ricardo-Garcell J (2018) Brain oscillations reveal impaired 
novelty detection from early stages of Parkinson’s disease. NeuroImage: Clin 18:923–931. https:// doi. org/ 10. 1016/j. nicl. 2018. 03. 024

 37. Trist BG, Hare DJ, Double KL (2019) Oxidative stress in the aging substantia nigra and the etiology of Parkinson’s disease. Aging Cell 
18:e13031. https:// doi. org/ 10. 1111/ acel. 13031

 38. Trojano L, Papagno C (2018) Cognitive and behavioral disorders in Parkinson’s disease: an update. II: Behavioral disorders. Neurol Sci 
39:53–61. https:// doi. org/ 10. 1007/ s10072- 017- 3155-7

 39. Ugrumov MV, Khaindrava VG, Kozina EA, Kucheryanu VG, Bocharov EV, Kryzhanovsky GN, Kudrin VS, Narkevich VB, Klodt 
PM, Rayevsky KS, Pronina TS (2011) Modeling of presymptomatic and symptomatic stages of parkinsonism in mice. Neuroscience 
181:175–188. https:// doi. org/ 10. 1016/j. neuro scien ce. 2011. 03. 007

 40. Ushakova NA, Brodsky ES, Tikhonova OV, Dontsov AE, Marsova MV, Shelepchikov AA, Bastrakov AI (2021) Novel extract from beetle 
Ulomoides dermestoides: A study of composition and antioxidant activity. Antioxidants 10:1055. https:// doi. org/ 10. 3390/ antio x1007 1055

 41. Ushakova NA, Tikhonova OV, Ambaryan AV, Bastrakov AI, Dontsov AE (2022a) A protein antioxidant complex of a water extract of the 
larvae of black beetles Ulomoides dermestoides. Appl Biochem Microbiol 58(Suppl.1):S146–S151

 42. Ushakova NA, Ambaryan AV, Bastrakov AI, Butenko AI, Dontsov AE (2022b) Water-soluble antioxidant extract of Ulomoides derm-
estoides larvae enhances object recognition and coordination of movements in aging mice. Biotechnology 38(5):69–65. https:// doi. org/ 
10. 56304/ S0234 27582 20501 43

 43. Uversky VN (2004) Neurotoxicant-induced animal models of Parkinson’s disease: understanding the role of rotenone, maneb and paraquat 
in neurodegeneration. Cell Tissue Res 318(1):225–241. https:// doi. org/ 10. 1007/ s00441- 004- 0937-z

 44. Villaverde ML, Girotti JR, Mijailovsky SJ, Pedrini N, Juarez MP (2009) Volatile secretions and epicuticular hydrocarbons of the beetle 
Ulomoides dermestoides. Comp Biochem Physiol (B) 154(4):381–386. https:// doi. org/ 10. 1016/j. cbpb. 2009. 08. 001

 45. Wahrendorf MS, Wink M (2006) Pharmacologically active natural products in the defence secretion of Palembus ocularis (Tenebrionidae, 
Coleoptera). J Ethnopharmacol 106:51–56. https:// doi. org/ 10. 1016/j. jep. 2005. 12. 007

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

762

https://doi.org/10.1007/s11274-020-02879-2
https://doi.org/10.1016/s0165-0270(96)02211-x
https://doi.org/10.17533/udea.vitae.10994
https://doi.org/10.1006/nbdi.2002.0507
https://doi.org/10.1111/j.1471-4159.2005.03088.x
https://doi.org/10.1186/s13002-021-00444-1
https://doi.org/10.1007/s11515-014-1322-2
https://doi.org/10.1007/s11515-014-1322-2
https://doi.org/10.3390/antiox9070570
https://doi.org/10.1007/s10068-022-01090-3
https://doi.org/10.1155/2020/2360872
https://doi.org/10.1007/s10753-009-9171-x
https://doi.org/10.1016/j.apsb.2017.05.001
https://doi.org/10.1016/j.nicl.2018.03.024
https://doi.org/10.1111/acel.13031
https://doi.org/10.1007/s10072-017-3155-7
https://doi.org/10.1016/j.neuroscience.2011.03.007
https://doi.org/10.3390/antiox10071055
https://doi.org/10.56304/S0234275822050143
https://doi.org/10.56304/S0234275822050143
https://doi.org/10.1007/s00441-004-0937-z
https://doi.org/10.1016/j.cbpb.2009.08.001
https://doi.org/10.1016/j.jep.2005.12.007

	The aqueous extract of Ulomoides dermestoides larvae counteract motor and cognitive disfunction in a neurotoxic model of Parkinson’s disease
	Abstract
	Introduction
	Materials and methods
	Animals
	Extract preparation
	Treatment and experimental design
	Behavioral testings
	Rotarod test
	Vertical pole test
	Object recognition memory test
	Statistical analysis


	Results
	Rotarod test
	Vertical pole test
	Object recognition memory test

	Discussion
	Conclusion
	Acknowledgements 
	References




