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Abstract 

It is shown that an exposure of pupae of the mealworm beetle Tenebrio molitor 

to the combined static (42 µT) and very weak extremely low-frequency alternating 

collinear magnetic fields exerts different influence, depending on the frequency of 

the alternating magnetic field (AMF), on duration of metamorphosis processes in 

these insects. For instance, a no less than 8 hour-exposure of young pupae to weak 

combined magnetic fields, adjusted to the frequency of ion cyclotron resonance for 

Ca2+ (32.2 Hz) at the AMF of 100 and 250 nT, inhibits metamorphosis process – a 

transitional stage from pupae to imago lasts longer. In contrast, a stimulating effect 

was observed when adjusted to cyclotron frequency for ion of glutaminic acid (4.4 

Hz) at the amplitudes of 40, 100 and 250 nT. At the weaker amplitudes of the 

AMF this effect is not seen. For instance, an exposure at a frequency of 4.4 Hz, the 

amplitude of AMF 6, 16 nT and at a frequency of 32.2 Hz, the amplitude of AMF 

6, 16 and 40 nT exerts no noticeable effect on the duration of the pupal 

metamorphosis stage. 
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Аннотация 

 Показано, что воздействие комбинированными постоянным (42 мкТл) 

и коллинеарным ему очень слабым сверхнизкочастотными переменными 

магнитными полями на куколок мучного хрущака Tenebrio molitor оказывает 

в зависимости от частоты переменного поля разнонаправленное влияние на 

продолжительность процессов метаморфоза у этих насекомых. Так, не менее 

чем 8 часовая экспозиция молодых куколок в слабых комбинированных 

магнитных полях, настроенных на частоту ион-циклотронного резонанса для 

иона Са2+ (32,2 Гц) при амплитудах переменного поля 100 и 250 нТл, 

тормозит метаморфоз – время превращения куколок в имаго увеличивается. 

При настройке на циклотронную частоту для иона глутаминовой кислоты 

(4,4 Гц) при амплитудах 40; 100; 250 нТл отмечен противоположный 

стимулирующий эффект. При некоторых более слабых амплитудах 

переменного поля эффект отсутствует. Например, воздействие на 4,4 Гц при 

6; 16 нТл и на 32,2 Гц при 6; 16; 40 нТл не оказывает заметного влияния на 

изучаемый параметр. 
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Introduction 

A concept of ion cyclotron resonance (ICR) in biological systems in weak 

combined static and alternating collinear magnetic fields suggested by A.R. Liboff  

[10] proved to be perspective [2,14,22] In particular, our experiments have shown 

for instance that, ion-current changes were observed at ICR frequencies of amino 

acids in cell-free systems at the intensities of alternating components of ~ 40 nT 

[14,23]. Further in our works with different biological objects: planarians [15], 

tumor-bearing animals [16], mouse models of Alzheimer disease [3] we found 

different effects of the biological action of weak combined magnetic fields (CMF) 

with a very weak alternating component (tens and hundreds of nT) with a response 

at frequencies corresponding to ICR conditions for a number of organic and 

inorganic ions. 

Of interest is exploring the effect of magnetic fields mentioned on 

metamorphosis processes. The choice of the model for study was made based on 

the previous reports on the sensitivity of metamorphosis processes in the 

mealworm beetle Tenebrio molitor towards the effect of weak CMF [4] and 

extremely high frequency emissions [19]. In Ermakov and Lednev [4], a 

stimulating effect was revealed in the weak CMF adjusted to parametric resonance 

for Ca2+ and K+ at a ratio of the alternating component to static one 1.8 : 1 and also 

in the very weak alternating magnetic field (AMF) at the amplitude of 1,6 µT and 

frequency of 76 Hz adjusted by V.V. Lednev hypothesis to the magnetic moment 

of hydrogen atoms [8]. In all these cases the authors report the shortening of pupal 

metamorphosis stage in the mealworm beetle Tenebrio molitor [4]. We then made 

an experiment [17] and observed the sensitivity of metamorphosis stage in  the 

mealworm beetle Tenebrio molitor exposed even to the weaker alternating 

component of CMF (250 nT). It was shown that the effect of magnetic field 

depends on the frequency of the alternating component. For instance, in static 

magnetic field (SMF), 42 µT, at a frequency of the alternating component 4.4 Hz 

(corresponding to cyclotron resonance frequency for ion form of glutamic acid) 

morphogenesis is stimulated – the duration from pupal stage to imago was shorter. 

At cyclotron resonance frequency for Ca2+ of 32,2 Hz, the opposite effect was 

recorded.  An exposure at cyclotron resonance frequency for K+ of 16,5 Hz 

resulted in no noticeable effect on the duration of this stage. We decided to 

continue our study in a range of the weakest intensities of the AMF. For this 

purpose in our further experiments the biological objects were put in a special 

chamber shielded against the external magnetic field to reduce external 

geomagnetic pulsations and technogenous disturbances. 
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Material and methods 

Object of study 

Adult individuals of the mealworm beetle Tenebrio molitor (Colepptera, 

Tenebrionidae) were kept in crystallizers under darkened conditions with bran at a 

constant temperature of 24-25ºC. Every week the beetles were transferred to fresh 

bran. The beetle eggs-containing bran was kept until emergence of larvae. Partly 

grown larvae were transplanted into new bran. The pupae of beetles that emerged 

from larvae were collected once a week and placed into a separate crystallizer with 

bran. At a next stage the imago insects emerged from the pupae. A new generation 

of insects was then produced. This stage-by-stage rearing of the culture made it 

possible to select synchronized developing insects. 

Experimental procedures 

Young pupae were collected at the start of the pupal stage, their skin was 

whitish in color and pupal development lasted about four hours. The pupae 

collected were divided into experimental and control groups 50 pupae in each 

group. Pupae in glass beakers with bran were put at one and the same time in two 

identical chambers shielded from external magnetic fields. In one chamber SMF 

(42  0.1 µT) and AMF were generated (experiment). Only SMF (42  0.1 µT) 

was produced in the second chamber (control). Additional groups of pupae were 

exposed to local geomagnetic field with induction of 42  0.1 µT µT and 

technogenous  background of up to  30 nT, 50 Hz (extra control). 

Pupae were exposed in darkened conditions at temperature of 24-25º C. Each 

series of the experiments was repeated no less than three times. 

Pupae were observed until the imago insects emerge two times a day – in the 

morning (9 a.m.) and in the evening (6 p.m.). The number of the emerged beetles 

in groups was determined and the time period from pupae to beetle eclosion was 

compared in experimental and control groups. 

Characterization of magnetic fields and magnetic field forming technique  

 Two identical chambers were used in the experiments. These chambers consist 

of external magnetic shield made of permalloy, as a cubic shaped box, with 

shielding efficiency of  650,  two located inside the shield coaxially arranged 

rectangular magnetic coils that generate AMF and SMF when connected to a  

remote sine-wave generator and constant-current source. Inhomogeneity of fields 

in the area of the experiment was not greater than 1%. The magnitudes of acting 

magnetic fields were determined by measurement using a ferroprobe 

magnetometer Mag-03 MS (Bartington, Oxford, UK). 

A series of the experiments was made at two frequencies of 4.4 and 32.2 Hz at 

different amplitudes of 6, 16, 40, 100, 250 nT.  

Pupae from the experimental group were exposed to CMF for the first 4, 8, 12 

and 24 hours from the start of the pupal stage, then the alternating component of 

the magnetic field was powered down, only SMF (42  0.1 µT) was produced. 
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Statistical analysis.  Statistical analysis was performed using the Student t-test. 

The value P < 0.05 was considered to be statistically significant. 

 

Results 

As it is shown in Fig. 1 an 8-hour exposure of young pupae selected at the very 

start of the pupal stage from the chamber shielded against the external magnetic 

field to CMF at a ICR frequency for Ca2+ of 32.2 Hz at the amplitude of 250 nT 

and SMF of 42 µT resulted in a noticeably elongated period of the pupal stage.  

Beetle eclosion from pupae in the experimental group began 9.2 hours later 

compared to those in the control one (Fig. 2) but a duration of beetle eclosion 

remained the same. A shortening of the time period of an exposure up to four hours 

resulted in no effect of these CMF (Fig. 2). The level of the effect of the prolonged 

exposure up to 12 hours and then up to 24 hours was not higher than that observed 

under the 8-hour exposure  (Fig. 1). Taking into account that weaker amplitude of 

AMF was exploited in our subsequent experiments, we chose a 8-hour exposure to 

the magnetic field. A diminution in the amplitude of the AMF at the frequency of 

32.2 Hz from 250 nT down to 6 nT with 2.5 step led to the same inhibiting effect 

observed at 100 nT (Fig. 3). At the amplitude of 40, 16 and 6 nT no noticeable 

effect of magnetic field was registered. 

 
Fig. 1. The dependence of the time of the pupal stage duration (mealworm beetles 

Tenebrio molitor)  on combined MF exposure time at a frequency of 32.,2 Hz 

(amplitude, 250 nT), static field 42 µT. 

1. – control 1 (chamber) DC MF 42 µT 

2. -  control 2 (geomagnetic field) DC MF 42 µT 

3. – experiment 
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Fig. 2. Dynamics of eclosion of beetles from the pupa in condition of an 8-hour 

exposure to combined magnetic field at a frequency of 32.2 Hz (amplitude 250 nT), 

static magnetic field 42 µT. 

1 – control 1 (chamber) DC MF 42 µT 

2 -  control 2 (geomagnetic field) DC MF 42 µT 

3 – experiment 
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Fig. 3. The dependence of the time of the pupal stage duration (mealworm beetles 

Tenebrio molitor)  in condition of an 8-hour exposure to combined magnetic field 

on the amplitude of the alternating magnetic field at a frequency of 32.2 Hz, static 

magnetic field 42 µT. 

1 – control  (chamber) DC MF 42 µT 

2 - experiment 

 

 

It should be noted that no statistically significant differences between the 

control group in SMF of 42 μT in the shielded chamber and the control group in 

natural geomagnetic field at the same magnitude of the static field were found (Fig. 

1). 

The change of the frequency of the alternating component of the CMF from 

32.2 Hz to 4.4 Hz (corresponding to ICR frequency for ion form of glutamic acid) 

at 250 nT in course of 8 hour exposure to CMF resulted in the inversion of the sign 

of the effect (the stimulating effect). The duration of the pupal stage shortened 

(Fig. 4). A decrease in the amplitude of the alternating component of the CMF up 

to 40 nT at the frequency of 4.4 Hz led to the same stimulating effect. At the 

amplitude of 16 and 6 nT no effect of magnetic field was registered (Fig. 4). 
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Fig. 4. The dependence of the time of the pupal stage duration (mealworm beetles 

Tenebrio molitor)  in condition of an 8-hour exposure to combined magnetic field 

on the amplitude of the alternating magnetic field at a frequency of 4.4 Hz, static 

magnetic field 42 µT. 

1 – control  (chamber) DC MF 42 µT 

2 - experiment 

 

 

Discussion 

The experiments focused on observation of the effect of the CMF with a very 

weak alternating component using at one and the same time two identical 

chambers (control and experiment) shielded against the external magnetic field 

with a built-in system of generation of magnetic fields made it virtually possible to 

exclude concurrent magnetic disturbances and increase a reliability of the results 

obtained. It should be noted that the interest in exploration of biological action of 

these very weak fields is associated with clearing up a biological role for natural 

magnetic pulsations of Pc 1 type with the frequencies from 0.2 to 5.0 Hz and 

amplitudes in a range from small doses to tens of nT that correlate, according to 

the findings of some epidemiological studies, for instance, with the incidence rate 

of acute disorders of blood circulation - strokes, heart attacks [7]. To determine a 

biological efficiency of the parameters comparable to the magnitude and frequency 

characteristics of the fields it appears to be reasonable to use a system of shielding 

against technogenic and natural magnetic fluctuations to compensate external 

magnetic fields present in this magnetobiology experiment.  
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On the whole, the data obtained point to the possibility of modulation 

(stimulation, inhibition) of the duration of metamorphosis process in the mealworm 

beetle Tenebrio molitor at the pupal stage with weak CMF adjusted to ICR 

frequencies of different biologically active ions (in our case ions of Ca2+ and ion 

forms of glutaminic acid). The adjustment of the frequency of CMF is therefore a 

crucial parameter for a biological response. So, at ICR frequency of Ca2+  the 

metamorphosis process ran for a longer period of time, at the frequency of ion 

form of glutaminic acid the duration of this process was shorter. These findings are 

in agreement with the effects relating to ICR [11]. 

The results obtained provide an opportunity to talk about a threshold magnitude 

of the AMF component for a biological response. As to the two studied frequencies 

4.4 Hz and 32.2 Hz with collinear SMF 42 µT (geomagnetic range of the intensity) 

an object response was recorded at the amplitude of the AMF no lower than 40 nT 

(at 32.2 Hz it was observed at 100 nT). At these two frequencies one-step 

diminution in the AMF from 40 nT down to 6 nT led to no biological response. 

Even given the response of the biosystem to the action of the weak magnetic field 

is often of nonlinear nature, there exist “gaps” in biological activity or multipeak 

dependence [6,13].  

The results obtained with the model (duration of metamorphosis processes in 

pupae of Tenebrio molitor) used in our experiments are significant and point to the 

possible existence of a threshold in a range of ~ 40 nT in a very low-frequency 

range. Taking into account our experimental material it appears that the 

biologically active magnitude of the weak alternating magnetic field depends on 

the properties and parameters of the experimental model, namely on the 

concentration of the field receptors or particular features of their genome systems. 

The effect of very weak AMF and SMF on morphogenetic processes (division, 

regeneration) has been considerably studied in more detail using other 

invertebrates – planarians [15,1,21]. In our experiments with planarians we also 

registered the biological response to the effect of magnetic field at the amplitude of 

40 nT [15]. 

It should be noted that the magnitudes of the AMF component which were 

determined in our experiments are comparable to the value of daily variations in 

geomagnetic field [12]. Although the frequency range of the extremely low 

frequency magnetic fields used in our experiment and daily variations in the 

constant component of the geomagnetic field are different, the magnitudes of these 

parameters are close. This is one of the confirmations of a possible general 

biological role of these variations. 

While analyzing molecular and cellular mechanisms of the effect of very weak 

magnetic field on the metamorphosis of the mealworm beetle Tenebrio molitor, it 

should be noted that histoblasts of imaginal disks in insects are an analog to 

neoblasts (stem cells) in the planarians that change their proliferative activity being 

exposed to a weak magnetic field [20,22]. The impact of very weak magnetic field 
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on insect signal transduction systems is not excluded either. It should be also taken 

into consideration that weak magnetic fields may influence the hormonal control of 

metamorphosis in the developing insects. In this regard it is reasonable to highlight 

that the effect of SMF, 320 mT on the morphology of neurosecretory cells of 

corpus albatum in pupa Tenebrio molitor [18] and the effect of the alternating low 

frequency magnetic field, 2 mT on the hormonal status in caterpillar Lymantria 

dispar [5] have been shown.  

The model system explored in this study – metamorphosis of the mealworm 

beetle Tenebrio molitor – can be most likely useful in research of teratogenic 

effects of weak magnetic field the occurrence of which can be expected during 

beetle eclosion. This usage is reported in [4], an exposure to CMF adjusted to 

parameteric resonance Ca2+ at SMF of 40,5 µT and the AMF frequency of 31 Hz 

and amplitude of 74,5 µT caused abnormal development in the increased amount 

of insects. 

In conclusion it should be noted that recorded different biological effects 

(stimulation, inhibition), a sign and the intensity level of which depend on the 

frequency and the magnitude of magnetic field, point to the possibility of 

regulating a state of the bioobject applying the CMF with a very weak alternating 

component. 
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