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Abstract: There is a clear experience in clinical practice: boys with a diagnosis of  
ADHD are clearly in greater numbers than girls. It is noteworthy that even in the 
“older” review articles, the cause of  sex-dependent incidence is not mentioned. If  
we accept the neurodevelopmental hypothesis of  such disorder, then the possible 
genetic predisposition breaks down into two separate groups. On the genome of  
an individual with ADHD and on the genome of  the parents. However, it cannot be 
overlooked that the incidence of  ADHD (3–7%) corresponds to the incidence and 
sex differences of  the number of  newborns born at a certain risk (premature birth, 
immaturity, hypotrophy, hypoxic-ischemic syndrome, low birth weight, etc.). This 
association of  possible genetic predisposition with “external” risks in the genesis 
of  ADHD raises the question of  whether a higher incidence of  ADHD, as well as 
higher morbidity and mortality in males, are a) the norm and the female is privileged, 
or b) the female is the norm and the male is handicapped. The picture of  ADHD 
includes various cognitive dysfunctions with one possible cause in norepinephrine 
and dopamine insufficiency. Experimental work shows that in response to stress 
females release more catecholamines in the CNS than males. Since catecholamines 
stimulate membrane Na+ K+ ATPase activity, this means both the value of  the 
membrane potential and the threshold for activation is increased. Females are more 
successful in responding to and adapting to a stressful situation due to their higher 
production of  noradrenaline in the CNS.
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Introduction
Despite great research efforts in ADHD treatment options, there are still many 
issues that have not been fully clarified yet. Here we try to extend our previous 
discussions on this topics (Mourek and Pokorný, 2021). If  we look only at research 
conclusions that are not too old, a clear clinical experience prevails: boys with a 
diagnosis of  ADHD are evidently more common in outpatient clinics than girls. At 
the same time, the authors do not hesitate to state the mutual incidence ratio of  
ADHD, which at that time was 10:1 (Bouček and Pidrman, 2005). With the onset  
of  work that began to emphasize the genetic link (cause) of  ADHD, the index 
(ratio) of  sex-dependent ADHD began to change gradually, either in the sense 
that differences were not mentioned (e.g. Du Rietz et al., 2018), or only in the 
notes without specifying (Rubia, 2018). It is noteworthy that even in the “older” 
comprehensive studies on ADHD, the possible mechanism behind the differences in 
sex-dependent incidence of  this disease is not mentioned at all (Tarver et al., 2014), 
or only touched (Konrad and Eickhoff, 2010). If  genetic analysis was done, the sex 
difference was omitted and only male patients were studied (Swanson et al., 2000), 
though the work concerned newborns (Lou et al., 2004) or the young generation 
(Paclt et al., 2010). Contemporary papers admit the sex ratio ranging from 2:1 
to 10:1 (Ramtekkar et al., 2010; Willcutt, 2012; Mowlem et al., 2019). Gender 
differences were not found in impulsivity, academic performance, social functioning, 
fine motor skills, parental education, or parental depression. However, compared 
with ADHD girls, ADHD boys displayed lower intellectual impairment, higher  
levels of  hyperactivity, and higher rates of  other externalizing behaviors (Gaub  
and Carlson, 1997).

Genetic predisposition
With the advancing therapeutic experience, the authors became interested in the 
real causes of  the difference in the incidence of  ADHD in males and females. The 
genetic predisposition breaks down into two separate groups. One is the genome 
of  an individual with ADHD and the other is the genome of  the parents. Studies on 
the genetic factors in the genesis of  ADHD brought about several fundamental facts. 
A) ADHD occurs in 3–7% (elsewhere 3–5%) children (according to anamnesis). 
B) At the same time, there is a long-standing and “unshakable” fact that the same – 
or similar percentage – corresponds to the high-risk newborns (premature birth, 
immaturity, hypotrophy, hypoxic-ischemic syndrome, low birth weight, etc.). This 
connection of  both “external” risks on the genesis of  ADHD syndrome with a 
possible genetic predisposition is currently respected (Momany et al., 2017; Saez  
et al., 2018; Shaw et al., 2020).

At the same time, there is a long-established fact that the male gender has – 
compared to the female – a lifelong handicap: males have a higher mortality rate 
practically throughout their life, i.e. from the neonatal period to death. Since birth, 
there is also a higher morbidity, a higher incidence of  prematurity and respiratory 
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distress syndrome (Steen et al., 2014; Pongou, 2015). Also more males are born  
with a birth defect (Zdravotnická ročenka České republiky, 2015).

We can therefore ask whether these facts constitute a “physiological” norm, i.e. 
the female gender is the norm or it is privileged by nature. This is not a pun, but a 
serious question of  deeper biological significance, including the developmental aspects 
of  the facts described above. The idea of  the role of  X and Y chromosomes in the 
sex-dependent differences in morbidity and mortality of  males and females (i.e. not 
only in newborns) is related to the number of  genes (Y chromosome contains  
only 50, while X approximately 3,000!). However, other pressing issues arise.

To date, the idea of  ADHD as a neurodevelopmental disease is generally 
accepted, namely with a reflection on noradrenaline and dopaminergic signalling. This 
hypothesis reflects results of  the therapy that has been using drugs blocking their 
reuptake. However, it is still difficult to link this fact to possible recessive elements on 
the Y chromosome. In this regard, a targeted genetic search (Šerý et al., 2015) is in 
place. Parallel findings of  a lower volume of  some areas of  the CNS (central nervous 
system) (basal ganglia, corpus callosum, etc.) (Rubia, 2018; Tang et al., 2019) raise 
more and more questions. The smaller volume can be explained by lower number of  
neurons, their smaller volume, less numerous glial elements, reduced dendrification 
and reduced interneuronal connections or a smaller intercellular spaces. These 
structural changes may be related to the individual handicap from the beginning of  
life (low birth weight, immaturity, etc.) and can bring various defects in cognitive 
functions. Manifestation of  ADHD symptoms can therefore be either a specific or 
completely general reaction.

Metabolic disorders
It is necessary to mention also the research findings that links and interprets ADHD 
to metabolic disorders. Changes in functional relationship between the glial and 
neuronal compartments has been mentioned (Russell et al., 2006) as well as the 
imbalance (mostly in terms of  increase) of  oxygen radical production (Kul et al., 
2015; Sezen et al., 2016). The defective activity of  mitochondria (without gender 
discrimination) and the resulting possible insufficiency in ATP production may be 
highly significant (Verma et al., 2016), suggesting an impairment of  all mitochondrial 
functions, including their scavenger capacity.

Catecholamines
The catecholamine network in the CNS is very extensive, surprisingly, despite of  the 
relatively small number of  catecholaminergic neurons (locus coeruleus, substantia 
nigra and VTA – area tegmentalis ventralis) (Smeets and Gonzales, 2000; Mravec and 
Kiss, 2004). Axons of  these neurons can form up to several thousand (!) synapses. 
Very specific property is also their ability (limited) of  self-regeneration – probably 
with justified significance (Bjorklund and Stenevi, 1979). Catecholamines are – from  
a developmental point of  view – a very strong conservative element.
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The acknowledged fact about the combined effects of  genetic predisposition  
+ multifactorial epigenetic effects (during pregnancy, childbirth and early postnatal 
period) on the ADHD manifestation was finalized in the therapeutic area with 
treating ADHD as a noradrenaline and dopamine insufficiency.

The major problem of  experimental analysis of  the ADHD syndrome is the 
absence of  a relevant animal model. Our research was therefore aimed at the 
already suggested hypothesis of  the role of  catecholamines in ADHD. The study is 
entirely based on laboratory rats (Wistar type). Animal studies are always argued 
whether the results apply to humans. However, we know – and this is a general 
experience – that animal experiments are a good steppingstone for further research.

Dopamine beta-hydroxylase (DBH) (E.C. 1.14.17.1) is an enzyme that converts 
dopamine to norepinephrine. This enzyme has been identified in synaptic vesicles 
of  sympathetic nerve terminals, blood plasma, adrenal medulla, etc. Although 
it can hydrolyse various substrates, its activity in noradrenaline synthesis can be 
considered by far the most common and biologically most important. The fact 
that norepinephrine and dopamine – to a lesser extent adrenaline – are critical 
and essential molecules for functioning and behavior was first stated in 1965 
(Kaufman and Friedman, 1965). The results of  our first measurement are presented 
in Figure 1.

Throughout postnatal life, female Wistar rats showed a significantly higher 
concentration of  dopamine beta-hydroxylase in plasma than males. This applies to 
the early postnatal period, to the period of  the so-called “weaning” (around the 

Figure 1 – Changes in dopamine beta hydroxylase in the plasma of  female and male rats (Wistar). The 
measurements took place at intervals from the 5th day of  postnatal life to adulthood (age 2 months). Enzyme 
activity is expressed in nmol/min/ml. Results in females are connected with a solid line, dashed in males.



ADHD – Sex-dependent Incidence

Prague Medical Report / Vol. 123 (2022) No. 4, p. 215–224 219)

21st day of  postnatal life) and to the period of  completed puberty (the 35th day of  
postnatal life). We exposed adult animals to 20 minutes of  experimental stress. i.e. 
to so-called short-term altitude hypoxia, corresponding to 7,000 m, (pO2 = 8.6 kPa) 
in a euthermic environment (Koudelová and Mourek, 1990). The results are 
presented in Figure 2.

We found highly statistically significant differences (much higher values of  
DBH) in females 30, 60 and 240 minutes after the stress. This higher response in 
females means a lot: it is accompanied with demonstrable benefits for the body = 
norepinephrine effects of  on metabolism, cardiovascular system, etc. This can finally 
bring a more successful managing the previous stressful situation.

Figure 2 – The effect of  stress, i.e. the effect of  aerogenic altitude hypoxia on dopamine beta hydroxylase 
activity in the plasma of  adult males (M) and females (F). The hypoxia corresponded to 7,000 m and lasted 
20 minutes under euthermic conditions. C – control value, H – measurement immediately after the end of  
hypoxia, subsequent measurement after the end of  hypoxia in time periods given in minutes. Activity expressed 
in nmol/min/ml. The asterisk indicates the statistical significant difference to control values (P<0.05).

Table 1 – Ascorbic acid (ascorbate) content in cortex, mesencephalon 
and cerebellum in adult females and male rats (Wistar)

Cortex Mesencephalon Cerebellum

Females
Males

4.06 ± 0.09
2.59 ± 0.04

2.50 ± 0.91
1.57 ± 0.04

4.28 ± 0.32
1.64 ± 0.05

Values are given in mmol/kg w.w. tissues (w.w. – wet tissues, immediately after dissection); averages ± SD  
(standard deviation)
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Ascorbic acid
The synthesis of  norepinephrine has one sine qua non condition for the effectiveness 
of  DBH – this condition (or cofactor) is the presence of  ascorbic acid as a reducing 
agent. Therefore, if  DBH has consistently higher levels in females, and if  these higher 
levels are to be able to increase activities at the same time, then a higher quantum of  
ascorbic acid must be available in the female. Therefore, we performed experiments 
to monitor the content of  ascorbic acid in individual regions of  the CNS (Koudelová 
and Mourek, 1991), including an experiment with stress. Results (on adult females 
and males [Wistar]) – in a simplified form presents Table 1.

Both in the cortex (grey matter) and in the subcortical areas of  the mesencephalon 
or in the cerebellum, the ascorbic acid content was significantly higher in females 
than in males. It can be explained that DBH activity in females has a significantly 
higher capacity than in males. In another experiment, we measured ascorbic acid in 
the CNS (cortex and brain stem) after the exposure to a stressful situation (hypoxia 
corresponding to 9,000 m and lasting 20 minutes under euthermic conditions, 
pO2 = 6.4 kPa). The results are given in Figure 3.

In both the cortex and medulla oblongata, stress-induced increase of  ascorbate 
levels was always significantly higher in females – compared to males. These results 
correspond to our results with DBH. In reality, this means a greater capacity for the 
production of  noradrenaline in the CNS, with larger (more adequate) functional 

Figure 3 – The content of  ascorbic acid (ascorbate) in the cerebral cortex and in the medulla oblongata  
of  21-day-old laboratory rats. C – control value, H – value after altitude hypoxia (9,000 m for 20 minutes).  
F – females, M – males. The asterisk indicates the statistical significance to control values (P<0.01). The 
ascorbate content is expressed in mmol/kg w.w.
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capacity. Indeed, catecholamines significantly increase membrane Na-K ATPase 
activity (E.C.6.1.3.) both in vivo and in vitro experiments (Mourek, 1979, 1985, 1987). 
This enzyme is an important factor contributing to the level of  the resting membrane 
potential. An increased value of  the resting membrane potential means a lower 
level of  the neuronal excitability (the threshold for the activation is increased). Thus, 
in terms of  today’s ADHD therapy, females are significantly better provided than 
males.

In the introduction, we cited the authors (Kul et al., 2015; Sezen et al., 2016) who 
consistently report increased production of  oxygen radicals (ROS) in individuals with 
ADHD. ROS attack various molecular structures of  the mammalian cells, but they 
still have a certain “preference”. These may be unsaturated fatty acids (especially 
localized in cell membranes) that in the oxidative milieu may undergo a disintegration 
process. Already in 2005 (Mourek et al., 2005) we carried out an experiment using 
laboratory rats at the age of  10 and 14 days of  postnatal life. Both male and female 
animals were-repeatedly exposed to the stressor, represented by a 20-minute stay in 
simulated conditions of  altitude hypoxia (corresponding to 7,000 m, pO2 = 8.6 kPa). 
Subsequently, production of  malonylaldehyde was measured in the cortex and in the 
spinal cord. The results are documented in Figure 4.

In all 4 groups, female rats showed lower malonylaldehyde production than males. 
Three of  those differences were significant.

Figure 4 – Influence of  altitude hypoxia (7,000 m, 20 minutes) on lipoperoxidation processes (production  
of  malonyldialdehyde [MDA] in the cerebral cortex and spinal cord of  10- and 14-day-old laboratory rats 
[Wistar]). F – females, M – males. The asterisk indicates the statistical significant difference between males  
and females (P<0.01). MDA production in ng/mg w.w.
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As already mentioned, since the very beginning of  their existence, individuals 
with XY chromosomal combination have higher morbidity and mortality. Perinatal 
morbidity and/or exposition to risk conditions in boys represent a putative error 
factor for the developmental cascades, especially for such a sensitive and at the same 
time energy and substrate demanding development process as is the formation of  
CNS microstructure.

Conclusion
The presented results of  experiments on laboratory rats represent a de facto 
hypothesis that can be applied to humans. Considering all its critical issues, we 
presume a certain validity of  our findings to the possible therapeutic procedures. 
We consider the question whether the sufficient (= physiological) release of  
noradrenaline (and dopamine, to a lesser extent also adrenaline) in the CNS 
catecholaminergic neuronal circuits represents the basic regulatory element for the 
level of  neuronal membrane Na-K ATPase activity in the regulation of  neuronal 
excitability. The state, value and variability of  the resting membrane potential of  
neurons is directly linked to their functional activity in the sense of  a binary response 
(+ or –). We are fully aware that beside our hypothesis, there can be (and probably 
are) other “players” in the game.

We have demonstrated in three series of  experiments that females carrying 
XX chromosomes are biologically favoured. This leads us to the final idea that 
the disparity between boys and girls in the incidence of  ADHD symptoms is an 
expression of  the basic biological axiom about the advantage (protection) of  
XX carriers. They are more important for the survival of  the species.
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Abstract: Pollution with heavy metal salts is an important environmental problem 
today, having an adverse effect on public health. The endocrine system maintains 
homeostasis in the body. The antioxidant protection (GPX-1) of  the pineal gland in 
mature rats was studied. Animals of  the experimental group represented a model 
of  microelementosis, achieved by adding a mixture of  heavy metal salts for 90 days 
to drinking water: zinc (ZnSO4×7H2O) – 5 mg/l, copper (CuSO4×5H2O) – 1 mg/l, 
iron (FeSO4) – 10 mg/l, manganese (MnSO4×5H2O) – 0.1 mg/l, lead (Pb(NO3)2) – 
0.1 mg/l, and chromium (K2Cr2O7) – 0.1 mg/l. Morphological, statistical and 
immunohistochemical (GPX-1) research methods were used. Long-term (90-days) 
intake of  heavy metal salts mixture in the body of  experimental animals brought 
about development of  the general adaptation syndrome, the stage of  chronic 
stress “subcompensation” in the pineal gland. Morphological rearrangements 
were of  nonspecific polymorphic nature as severe hemodynamics disorder in the 
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organ, impairment of  vascular wall morphology, development of  tissue hypoxia 
and oxidative stress, accompanied by processes of  accelerated apoptosis in part of  
pinealocytes, by a significant decrease in glutathione peroxidase level in the organ 
and reactive astrogliosis as a response to the damaging agent’s action. Along with 
the negative changes in the pineal gland, a compensatory-adaptive processes with 
signs of  functional stress also occurred. A sufficiently high degree of  glutathione 
peroxidase activity in 39% of  pinealocytes located perivascularly, active adaptive 
glial reaction and activation of  synthetic processes in some pinealocytes were also 
observed.

Introduction
Pollution with heavy metal salts is an important environmental problem today, having 
an adverse effect on public health. Such a negative effect determines development 
and course of  oncological pathology, disorders of  the body homeostasis and 
morphological transformations in various tissues (Romanjuk et al., 2018a, 2019), 
as each trace element with excessive exposure can be potentially toxic (Bharti et 
al., 2014). It is believed that the formation of  free radicals, lipid peroxidation and 
changes in the antioxidant defence system play an important role in the toxic effects 
of  heavy metals. Thus, heavy metals are able to penetrate freely into any cell due 
to their good fat solubility, to cause various modifications in the structure of  DNA 
and RNA with changes in the function of  many transcription factors, to raise lipid 
peroxidation of  membrane formations, bind sulfhydryl groups of  enzymes and 
proteins, and to change the electrolyte balance with accumulation of  intracellular 
calcium ions. Under the influence of  metals, the functional balance between oxidative 
and antioxidant mechanisms generally shifts in favour of  the former with a decrease 
in the activity of  superoxide dismutase, catalase, glutathione peroxidase and a 
decrease in the level of  natural antioxidants such as glutathione. The set of  serious 
lesions also includes damage to mitochondria and the microsomal apparatus of  cells 
(Hemdan et al., 2005; Valko et al., 2005). Various human diseases and toxicity are 
often associated with oxidative stress. This pathophysiological stress has multiple 
effects, but is particularly characterized by decreased enzymatic activity, including 
catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPX-1) and 
glutathione reductase (GR) (Rzeuski et al., 1998; Bharti et al., 2014).

The human pineal gland and oxidative stress
At present, the human pineal gland is the least studied endocrine gland, which 
occupies one of  the central places in the endocrine regulation of  all organs and 
systems’ vital activity, carries out adaptive reactions of  the body to changing 
environmental conditions. It is known that the melatonin hormone (indole 
metabolite of  the tryptophan amino acid, which is mainly produced by the pineal 
gland) is the strongest natural inhibitor of  free radical processes in the body (Russel, 
2000; Bharti et al., 2014). In experiments in vitro melatonin reduces the formation 
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of  hydroxyl radical by 5 to 14 times more efficiently than other known inhibitors 
such as glutathione (Arushanyan, 2004). In both in vitro and in vivo experiments, it 
has been shown that epiphyseal indoles, and in particular melatonin, are able to 
neutralize the manifestations of  oxidative stress that occurs when intoxicated by 
various metal compounds. It is known that melatonin protects endocrine tissue 
from peroxidation initiated by ferrous sulphate (Karbownik and Lewinski, 2003), 
copper (Daniels et al., 1998), chromium (Susa et al., 1997), lead acetate (El-Missiry, 
2000; El-Sokkary et al., 2003). At the same time melatonin acted as a “trap” for free 
radicals and simultaneously improved the functional state of  the natural antioxidant 
system by activating the enzymes that were part of  it: superoxide dismutase, 
catalase, glutathione peroxidase (Arushanyan and Elbekyan, 2006). In this case, 
according to the literature, the origin of  melatonin antitoxic effect may be due to 
the direct chemical interaction of  the hormone and individual metals. Thus, using 
electrochemical methods it has been shown that various metals (aluminium, copper, 
iron, zinc) can form complexes with melatonin, which acts as their chelator (Limson 
et al., 1998; Arushanyan and Elbekyan, 2006).

Heavy metal salts, particularly lead, have a multiple toxic effect on the blood and 
the cardiovascular systems. Thus, lead inhibits enzymes involved in the synthesis 
of  haem and globin and as a result reduces the amount of  hemoglobin, which 
affects the formation of  erythrocytes. Impairment of  porphyrin synthesis and 
due to iron and aminolevulinic acid accumulation may be one of  the causes for 
activation of  oxidative stress and lipid peroxidation (Trachtenberg et al., 2015). 
The hemocoagulation system is also sensitive to the action of  lead in low doses. 
Increased hemostasis activity, development of  hypercoagulation syndrome and 
disseminated intravascular blood coagulation, inhibition of  fibrinolytic activity, 
which indicates the activation of  thrombosis, have been experimentally established 
(Trachtenberg et al., 2010, 2015).

As a result of  the hemotoxic effect of  lead, hemic and circulatory hypoxia occurs, 
which results in the development of  tissue hypoxia in the body, activation of  
free radical oxidation and oxidative stress, which causes implementation of  lead’s 
vasotoxic effect (Apikhtina et al., 2012; Trachtenberg et al., 2015). A characteristic 
feature of  oxidative stress is that when the damage increases above a certain critical 
level, the cell’s self-elimination program – apoptosis – is activated (Trachtenberg et 
al., 2001).

The activity of  oxidative stress reactions depends on the absolute or relative 
content of  endogenous antioxidants in the tissues (tocopherols, ascorbic acid, thio- 
and selenium-containing compounds). Their increased or decreased concentration 
may affect the intensity of  oxidative stress (Belenichev, 2014).

Family of  glutathione peroxidases (GPX)
Among selenoproteins, highly reported on, there is the family of  glutathione 
peroxidases (GPX), which are involved in the regulation of  the redox state and in 
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protection against oxidative damage. The glutathione peroxidase activity in the pineal 
gland is higher compared to other brain structures (Razygraev, 2004). Relatively 
high concentrations of  selenium were found in the pineal gland, which is due to 
its antioxidant properties, in particular to its ability to neutralize reactive oxygen 
intermediates formed during the synthesis of  melatonin (Reiter, 1996; Kravtsiv and 
Yanovich, 2008). The GPX-1 enzyme is a homotetramer and contains selenocysteine. 
This means that GPX-1 expression is affected by the level of  selenium in the studied 
tissue or organ.

Astroglia of  the pineal gland
In the pineal gland, the degree of  oxidative stress and pinealocytes apoptosis 
development can be impliedly judged by the quantitative indices of  pinealocytes 
and glial elements present in the gland, as well as by the morphological features of  
the pinealocytes’ nuclear apparatus (Gubina-Vakulik, 2006). After all, according to 
modern views on the functions and morphology of  astroglia, astrocytes are able 
to synthesize gas transmitters, including carbon monoxide (CO), which is involved 
in the mechanisms of  inflammation and apoptosis. In addition, the increase in the 
number of  glial elements in the pineal gland certainly has a compensatory-adaptive 
value, particularly in the processes of  RNA, amino acids, growth factors transfer 
to pinealocytes and by controlling water-ion homeostasis in the gland (Goryainov 
et al., 2013). It is impossible to overestimate the contribution of  astrocytes in the 
protection of  the gland’s parenchyma from oxidative stress through the synthesis 
of  hydrogen sulphide (H2S). This gas gliotransmitter has synaptic modulator and 
neuroprotective properties, protecting against oxidative stress (Goryainov et al., 
2013). Therefore, activity assessment of  antioxidant enzymes and markers of  free 
radical damage in the pineal gland is important for assessing the toxicity of  heavy 
metal salts mixture for the antioxidant system of  the pineal gland. According to the 
authors, the effect of  heavy metal salts mixture on the antioxidant system of  the 
pineal gland is an urgent problem and requires a detailed study.

The purpose of  the work is to study the system of  the pineal gland’s antioxidant 
protection in sexually matured male rats under the conditions of  long-term  
exposure to a mixture of  heavy metal salts.

Material and Methods
Animals
The experiment was performed on 24 white sexually mature male rats weighing 
200–250 g, aged 7–8 months, which were divided into 2 groups (the control and 
the experimental ones). Animals of  both groups were kept in the normal vivarium 
conditions, where equal keeping conditions, nutrition, proper care and natural light 
(day/night) were maintained, with a constant ambient temperature (20–22 °C). The 
animals had free access to drinking water. The study was carried out in the autumn-
winter period.
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Experimental microelementosis model
The experimental group included rats, which for 90 days received drinking water 
with a mixture of  heavy metal salts: zinc (ZnSO4×7H2O) – 5 mg/l, copper 
(CuSO4×5H2O) – 1 mg/l, iron (FeSO4) – 10 mg/l, manganese (MnSO4×5H2O) – 
0.1 mg/l, lead (Pb(NO3)2) – 0.1 mg/l, and chromium (K2Cr2O7) – 0.1 mg/l. The 
selected concentration of  salts in the mixture was due to the presence of  such 
concentrations of  these salts in the soil and drinking water of  some regions in 
Ukraine according to literature sources (Romanjuk et al., 2018a, b, 2019).

Termination of  microelementosis induction
After the 90th day of  the experimental procedure, animals of  both groups were 
anesthetised by thiopental injection (at the dose of  30–40 mg/10 g body weight) 
before the subsequent surgical and histological procedures. All the animal studies 
were conducted in accordance with the provisions of  the European Convention 
for the Protection of  Vertebrate Animals for Experimental and Scientific Purposes 
(Strasbourg, 1986) and the “General Ethical Rules for Animal Experiments” approved 
by the First National Congress of  Bioethics (Kyiv, 2001, Ukraine), Protocol No. 4 of  
06/03/2020 Commission of  Bioethics of  Sumy State University. The subject of  the 
study is the pineal gland of  experimental and control animals.

Pineal gland extraction technique and histological studies
To study the morphological changes in the structural components of  the pineal 
gland conventional procedures of  microanatomical (histological) study method were 
used. In order to carry out morphological, morphometric and immunohistochemical 
studies of  the pineal gland, the organ was extirpated and histological tissue 
specimens were made according to the original method developed by the authors 
(Hryntsova and Romanyuk, 2020; Hryntsova et al., 2020). In this case, for the 
purpose of  atraumatic extirpation, the pineal gland was not completely dissected 

Figure 1 – Circumferential dissection of  
the skull on the parietotemporal bones (1), 
exposure of  the brain (2) (digital photo).

1 2
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Figure 2 – Extirpation of  the pineal gland with the 
organo-complex (together with fragments of  the brain 
and cerebellum adjacent to the pineal gland) (digital 
photo).

1

2
3

4

Figure 3 – Head of  a decapitated rat with extirpated 
brain (1). Organo-complex: a fragment of  the 
brain (2), the pineal gland (3), a fragment of  the 
cerebellum (4) before fixation (digital photo).

from the epithalamus of  diencephalon, instead, it was extirpated together with 
fragments of  the brain and cerebellum adjacent to it (Figures 1–3).

The pineal gland, together with the adjacent tissues, was immersed in the fixing 
fluid (5% formalin solution) for the period of  12–24 hours (Figure 3).

The dehydration process was carried out in a number of  ethyl alcohol portions 
with ascending concentrations of  70°, 80°, 90°, 96°, after which the objects were 
embedded in paraffin. Sections from 4 to 5 μm thick were made of  histological 
blocks with a rotary microtome, followed by making permanent histological 
preparations and staining with hematoxylin-eosin according to standard procedure. 
The developed method permitted to rationally prepare the pineal gland, which 
prevented its injury and permitted to prepare high-quality histological specimens for 
light-optical, morphometric and immunohistochemical study methods.

Assessment of  the pineal gland’s morphological state was performed by a number 
of  microscopic indices: state of  stromal and parenchymal components, state of  the 
vascular bed, changes in blood rheology, state of  pinealocytes and astrocytic glia, 
including determination of  neurocytoglial index and GPX-1 immunohistochemical 
marker, which is one of  the most important antioxidative enzymes in mammals. To 
determine the gliocyto-neuronal index the ratio of  the neuroglia location density 
to the density of  pinealocytes location was found. To determine the density of  
pinealocytes and neuroglia in the pineal gland their absolute number was counted 
in the microscope field of  view (ob. 40, oc. 10), studying at least 30 fields of  view 
(Salkov et al., 2015). In this case viable pinealocytes only were taken into account.

General morphological and morphometric analysis was performed using the “Leica 
DM 500” light-optical microscope, with ×4, ×10, ×40 lenses, binoculars 7, 10. Photo 
documentation of  the results obtained was performed with a digital video camera 
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“Leica DM IC C50 HD Camera”. “Leica Application Suite LAS EZ version 20.0 
(Build: 292) Copyright @ 2010” software was used.

Marker expression research GPX-1 method
To study the changes of  glutathione peroxidase activity in the cytoplasm of  
pinealocytes the immunohistochemical method was used.

Pineal glands were embedded in paraffin blocks using standard procedures.
1)	 Sections of  5 µm were cut, deparaffinised (dehydration in xylene and rehydration 

in alcohols in decreasing concentrations) and rinsed in EnVision Flex Wash Buffer 
(#K800721-2, Agilent Dako, Santa Clara, CA, USA, later in the text referred to as 
wash buffer). Endogenous peroxidase activity was blocked by incubation of  slides 
in a mixture of  methanol and hydrogen peroxide. After another rinsing in wash 
buffer, antigens were revitalized in the microwave.

2)	 Blocking
	 To block staining of  non-specific structures slides were rinsed in wash buffer, and 

2% milk blocking solution in Tris buffer was added.
3)	 Antigen-antibody reaction
	 Rabbit polyclonal GPX-1 antibodies produced by Bioss Antibodies Inc. (USA) 

were used in the reaction in a dilution of  1:250, serial number bs-3882R, 
reactivity: human, mouse and rat, isotype: IgG. Immunohistochemical reactions 
were performed in accordance with the Bioss Antibodies Inc. protocol (USA). 
The primary anti-GPX-1 rabbit polyclonal antibody was applied overnight at 4 °C, 
followed by rinsing in wash buffer. Subsequently, Biotinylated Link (#K0675, 
Agilent Dako, Santa Clara, CA, USA) was used, then slides were rinsed with  
wash buffer, and Streptavidin-HRP (#K0675, Agilent Dako, Santa Clara, CA, USA) 
was applied.

4)	 Final rendering
	 The tissue sections were again washed in wash buffer, and 3,3-diaminobenzidine 

(DAB) (#K5207, Agilent Dako, Santa Clara, CA, USA) was applied. The slides 
were rinsed in tap water, counterstained by hematoxylin, and embedded into 
Pertex® Mounting Medium 00811-EX (manufactured by Histolab Products AB).

The negative controls were created by omitting the primary antibody. Two 
observers independently evaluated the results of  the immunostaining under a light 
microscope.

The level of  GPX-1 marker of  antioxidant activity expression was revealed 
immunohistochemically in the cytoplasm of  pinealocytes. The expression of  the 
GPX-1 marker was assessed by the number of  the gland’s cells whose cytoplasm had 
the colour characteristic for GPX-1.

Statistical analysis
Assessment of  GPX-1 expression was performed semi-quantitatively by counting the 
number of  stained cells per 100 cells in three fields of  view, the result was expressed 
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as a percentage and assessed on the accepted scale: 1) no expression of  GPX-1 (–), 
2) 0–20% – low expression of  GPX-1 (+), 3) 21–50% – moderate expression of  
GPX-1 (++), 4) 51–100% – significant expression of  GPX-1 (+++) (Lutsik and 
Yashchenko, 2018). Processing of  digital results was performed by applied statistical 
methods using the Microsoft Word Excel 2010 text editor with AtteStat 12.0.5 
application. Reliability of  the difference between the experimental and control 
data of  morphometric and immunohistochemical parameters was assessed using 
the Student’s t-test, the probability of  error less than 5% (p≤0.05) was considered 
sufficient.

Results
After 90 days of  the experiment, the pineal gland of  the experimental animals had 
an oval shape, maintained its anatomical integrity and connection with the vascular 
plexus. Heavy metal salts caused noticeable negative changes in all structural 
components of  the gland: stromal, vascular and parenchyma. The capsule of  the 
gland was slightly thickened, the intertrabecular spaces were expanded, in some 
areas – significantly. Quite pronounced morphological changes were observed 
in the vascular bed of  dystonic nature compared to the control animals. In some 
areas, the lumen of  the vessels was expanded, and in others, the vessels were 
spasmodic. Large vessels of  the subcapsular zone and deep areas of  parenchyma 
were full-blooded, with signs of  impaired blood rheological properties. Erythrocytes 
completely filled the lumen of  blood vessels, in some places they were very close 
to each other, their contours were not clearly delineated, blood stasis was formed, 
erythrocyte aggregation, sludge phenomenon were observed. The vascular wall 

Figure 4 – Morphological rearrangements of  the structural components in the pineal gland of  experimental  
(A) and control (B) animals under the conditions of  90-day exposure to of  heavy metal salts. A: 1 – plethora of  
the subcapsular zone vessels with signs of  the blood rheological properties impairment; 2 – reactive astrogliosis; 
3 – expansion of  intertrabecular spaces; B: 4 –connective tissue capsule; 5 – light pinealocyte (hematoxylin-eosin 
staining, ×400).
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was also affected, especially in the large afferent vessels of  the epiphysis in the 
subcapsular zone. There was the vascular wall’s thickening and its permeability 
increase, which was manifested in the release of  erythrocytes into the extravascular 
space with the formation of  diapedetic hemorrhages of  different areas, expansion of  
the perivascular space. Around the vessels of  the subcapsular zone, especially with 
impaired permeability of  the vascular wall, and hemorrhages, a clearly pronounced 
active glial reaction was observed in the form of  reactive astrogliosis. In addition to 
local, there was also a general diffuse glial reaction observed (Figure 4).

The results of  light optical studies were confirmed by the previous 
immunohistochemical studies of  Ki-67 proliferation marker (Romanjuk et al., 2018b), 
according to which the assessment of  the Ki-67 protein’s expression level revealed 
its moderate proliferative activity in peripheral astrocytes (35–40%). The intensity of  
cell nuclei staining was assessed as moderate (++).

Vascular plethora of  the gland was accompanied by edema. Intertrabecular 
capillaries in some areas were spasmodic and were not visualized, possibly due 
to edema and disintegration of  the fibrous component in the connective tissue 
trabeculae. In other fields of  view, the lumen of  the capillaries was significantly 
expanded with erythrocytes in their lumen, forming “rouleau” (Figure 5).

The pineal gland’s parenchyma of  experimental animals was distinct in some 
sponginess and accumulation of  edematous fluid in the intertrabecular spaces. 
Discomplexation of  cellular trabeculae and some disorders of  cytoarchitectonics 
were observed. In some fields of  view around the pinealocytes pericellular edema 
was formed. The structure of  the pineal gland’s parenchyma was characterized by a 
mosaic nature of  morphological changes. The tissue specimens were dominated by 

Figure 5 – Morphological rearrangements of  the structural components in the pineal gland of  experimental 
(A) and control (B) animals under the conditions of  90-day exposure to heavy metal salts. A: 1 – edema and 
disintegration of  the fibrous component in the connective tissue trabeculae of  the gland; 2 – reactive astrogliosis; 
3 – “rouleau” in the lumen of  the capillaries; B: 4 – light pinealocyte; 5 – dark pinealocyte (hematoxylin-eosin 
staining, ×400).
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Figure 6 – Morphological rearrangements of  the structural components in the pineal gland of  experimental (A) 
and control (B) animals under the conditions of  90-day exposure to heavy metal salts. A: 1 – light pinealocyte 
with vacuolated cytoplasm; 2 – the nucleus with an eccentrically position; 3 – hypertrophied pinealocyte nuclei; 
4 – hyperchromic, hypertrophied nucleolus; B: 5 – light pinealocyte; 6 – dark pinealocyte (hematoxylin-eosin 
staining, ×800).

Figure 7 – Morphological 
rearrangements of  structural 
components in the pineal gland of  
experimental animals under the 
conditions of  90-day exposure to 
heavy metal salts. 1 – multiple 
polymorphic cysts in the gland’s 
parenchyma; 2 – blood rheological 
properties (hematoxylin-eosin 
staining, ×400).

light pinealocytes with cleared, often vacuolated cytoplasm and nuclei, both of  oval 
and slightly deformed, angular shape. In vacuolated cells, the nuclei were shifted to 
the periphery, located eccentrically. On the periphery there were dark pinealocytes, 
frequently surrounded by astrocytic glia. In some cells, the size of  the nuclei was 
increased compared to that of  the control, their chromatin network was cleared, 
with a hyperchromic, hypertrophied nucleolus located in the center of  the nucleus. 
Such pinealocytes were frequently found near the hemocapillary wall. In some 
nuclei, the nucleoli were slightly shifted to the karyomembrane. A relatively small 
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proportion of  cells had deformed, hyperchromic nuclei, frequently with signs of  
pyknotic rearrangements. Their chromatin network was homogeneous; nucleoli were 
not visualized (Figure 6).

Small oxyphilic secretory granules were visualized in the cytoplasm of  a moderate 
part of  pinealocytes, as well as in the lumen of  blood vessels. The gland’s 
parenchyma had a moderate number of  small, medium, and in some areas of  single 
large sized cysts, stained by oxyphilic method (Figure 7).

In some nuclei chromatin margination and an increase in the number of  nuclei 
with nucleoli were observed. The presence of  pinealocytes with angular nuclei and 
highly vacuolated cytoplasm in the parenchyma of  the gland, according to a number 
of  authors indicates the synthesis and accumulation of  indolamines in these cells 
(Bondarenko et al., 2013). However, most of  the pinealocytes showed signs of  
polypeptide synthesis in them.

In order to study one of  the links of  the antioxidant system of  the pineal gland 
protection, a comparative immunohistochemical study of  the pineal gland tissue 
micropreparations obtained from experimental and control animals on the level of  
GPX-1 expression was performed. In the control animals’ specimens, a significant 
number of  pinealocytes was found with the presence of  the GPX-1 marker in 
their cytoplasm, which correlates with the literature data (Razygraev, 2004). When 
assessing the results of  the reaction, the presence of  the studied marker in the 
cytoplasm of  almost all pinealocytes (88% of  GPX-1 – positive cells with diffuse 
location in the cytoplasm of  the GPX-1 marker was determined (Figure 8).

However, the degree of  expression had some signs of  mosaicism. Thus, a 
particularly significant number of  such glandulocytes was found in the peripheral 
areas of  the pineal gland, taking into account the greater synthetic activity of  
pinealocytes in these areas of  the body. Here, cells with a significant level of  GPX-1 

Figure 8 – Immunohistochemical 
study of  GPX-1 expression in the 
cytoplasm of  pinealocytes in the 
control animals (magnification 
×400).
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Table 1 – Expression level of GPX-1 in pinealocytes of the pineal gland in 
experimental and control animals, n=12

GPX-1 expression
Control group

total number 12 animals
Experimental group

total number 12 animals

Low positive 1
Moderately positive 2
Strong positive 3

17.22 ± 0.84
31.55 ± 0.27
39.23 ± 0.15

–
13.88 ± 1.14
25.12 ± 1.09

Figure 9 – Immunohistochemical 
study of  GPX-1 expression in 
the cytoplasm of  experimental 
animals pinealocytes after 90 days 
of  consuming heavy metal salts 
(magnification ×400).

(+++) expression in the cytoplasm were identified, while in the parenchyma and its 
central regions, the expression level was defined as + and ++ (Table 1).

In the pineal parenchyma of  the experimental animals, the expression of  GPX-1 
was lower in the experimental group than in the control group, as evident from 
Table 1.

Against the background of  the general negative reaction of  pinealocytes (–),  
39% of  GPX-1-positive secretory-active cells with a diffuse location of  the  
GPX-1 marker in the cytoplasm with a moderate (++) and high (+++) level of  
GPX-1 expression were visualized, especially in the peripheral areas of  the gland 
(Table 1). A correlation was found between the presence of  the GPX-1 marker 
in the pinealocytes cytoplasm and the presence of  secretory granules in their 
cytoplasm, as well as the location of  such secretory-active cells in the perivascular 
spaces (Figure 9).

In order to quantify cellular structures of  the pineal gland, the density of  
pinealocytes and neuroglia, as well as the neurocytoglial index of  control and 
experimental animals were determined by comparing the results of  the study. In this 
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Table 2 – Morphometric parameters of pinealocytes and astrocytic glia 
of the pineal gland in experimental and control animals, n=12

Index
Study groups of animals

control animals experimental animals

Absolute number of pinealocytes
Absolute number of  astrocytic glia cells
Glyocyto-neuronal index

115.25 ± 11.8418
38.75 ± 5.2341
0.336 ± 0.4420

 85.00 ± 6.0139*
    84.75 ± 10.9725**

0.997 ± 1.8245

Reliable in comparison with the control: *p≤0.05; **p≤0.01

case, the morphometric indices of  the density of  pinealocytes in the experimental 
animals were significantly reduced by 26% (p≤0.05, t = 2.277626) compared to the 
control animals. At the same time, the density of  glial elements in the pineal gland 
of  experimental animals was significantly increased in comparison with the control 
by 2.2 times (p≤0.01, t = 3.783842). Glyocyto-neuronal index in the pineal gland 
of  experimental animals increased by 2.96 times (p≥0.05) compared to that of  the 
control animals (Table 2).

Discussion
Thus, the obtained data of  the immunohistochemical study indicate a high level of  
antioxidant protection of  GPX-1 in the pineal gland of  control animals. Prolonged 
exposure of  experimental animals to the mixture of  heavy metal salts (including lead 
salts) caused negative changes in all structural components of  the gland: stromal, 
vascular, parenchymal. These changes have signs of  a homeostasis shift in the form 
of  impaired rheological properties of  blood, morphology of  the vascular wall, its 
increased permeability, full blood vessels, which leads according to (Shafran et 
al., 2004) to the development of  oxidative stress (Hryntsova et al., 2022) and to 
manifestations of  tissue hypoxia in the gland’s parenchyma.

Ischemic damage to the pineal gland certainly had negative consequences for 
the secretory activity of  pinealocytes and mechanisms of  hormone diffusion into 
the blood as a result of  disorders of  the plasmalemma membrane in pinealocytes 
and morphological changes in the vascular wall. This is evidenced by the increased 
number of  pinealocytes with vacuolated cytoplasm and the presence of  cristae with 
different sizes and shapes in the pineal gland’s parenchyma of  the experimental 
animals. Such morphological properties of  the gland’s cells and parenchyma, in 
our opinion, may indicate a delay in the evacuation of  hormones into the vascular 
bed and impairment of  the antioxidant defence system of  the body as a whole. 
However, considering the pathogenesis of  dystrophic changes in the parenchyma 
of  the pineal gland, including pinealocytes, it is impossible not to mention the 
possibility of  direct toxic effects of  heavy metals directly on pinealocytes, given the 
anatomical absence of  blood-brain barrier in this organ. The study of  morphological 
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and morphometric features of  pinealocytes and astrocytic glia in the pineal gland 
of  experimental animals permits to indirectly assess the degree of  oxidative stress 
and apoptosis processes in cells (Gubina-Vakulik, 2006). In some nuclei a chromatin 
margination and an increase in the number of  nuclei with nucleoli were observed. 
which according to the authors is a sign of  some activation in synthetic cell activity 
(Shkorbatov, 2005), but other authors still consider chromatin margination as one of  
the manifestations of  pinealocytes’ accelerated apoptosis (Gubina-Vakulik, 2006).

The authors suggest that the cause of  the death of  some pinealocytes by apoptosis 
may be long-term exposure of  heavy metals on the pineal gland, including such well-
known mechanisms of  action of  heavy metals on the living organism as activation of  
free radical oxidation, initiation of  peroxidation of  proteins, lipids and development 
of  oxidative stress (Shahid et al., 2014).

These processes are indicated by a significant decrease in the density of  
pinealocytes of  experimental animals compared to that of  control animals, and at 
the same time a significant increase in the density of  glial elements (as confirmed by 
immunohistochemical studies of  the Ki-67 marker – Romanjuk et al., 2018b) and 
gliocyto-neuronal index.

The formed perivascular astroglial proliferates represent an adaptive response of  
glia to the action of  the damaging agent (Drozdova et al., 2017) and may indirectly 
indicate more intensive processes of  pineal cell apoptosis in these animals (Gubina-
Vakulik, 2006). In addition, the increased number of  glial elements in the pineal gland 
certainly has a definite compensatory-adaptive value, especially in the processes 
transferring RNA, amino acids and growth factors (Goryainov et al., 2013).

All these signs indicate, directly or indirectly, activation of  apoptotic processes 
in the pineal gland in response to the damaging agent. However, it is impossible to 
neglect other properties of  astrocytic neuroglia in glial proliferates, which, in our 
opinion, are aimed at achieving water-ion homeostasis in the gland by improving 
the trophism of  pinealocytes, barrier function, preventing the penetration of  heavy 
metals into the parenchyma of  the gland.

The study of  GPX-1 enzymatic activity in the cytoplasm of  experimental animals’ 
pinealocytes after 90 days of  heavy metal salts consuming led to a decrease in the 
number of  pinealocytes positive for this immunohistochemical marker in comparison 
with the indicators of  control animals. In pineal preparations of  experimental 
animals, a relationship between the presence of  GPX-1 expression in the cytoplasm 
of  pinealocytes and the presence of  secretory granules in their cytoplasm was 
revealed. This location of  secretory-active pinealocytes with moderate (++) and 
high (+++) levels of  GPX-1 expression in the cytoplasm may be explained by 
their better supply of  oxygen and nutrients compared to cells in deeper areas. The 
obtained results indicate the development of  complex compensatory and adaptive 
processes in the pineal gland, which are parallel to the indicated negative changes.

It seems likely that long-term exposure to heavy metal salts caused increased 
oxidative stress in most cells of  the pineal gland.
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With regard to pathogenic mechanisms of  imbalance development in the 
antioxidant system of  the pineal gland, it is possible to assume that such a decrease 
in glutathione peroxidase activity of  pinealocytes also developed due to antagonism 
between heavy metals and selenium. After all, it is well known that selenium plays 
an important role in endocrine functions. GPX-1 contains selenocysteine, selenium-
dependent glutathione peroxidase. Relatively high concentrations of  selenium were 
found in the pineal gland, which was associated with its antioxidant properties, 
in particular with its ability to neutralize reactive oxygen intermediates formed 
during the synthesis of  melatonin (Reiter, 1996). This means that the expression of  
GPX-1 was affected by the level of  selenium in the pineal gland, as the action of  
melatonin was modulated depending on the content of  selenium in the gland. The 
most informative index of  selenium supply of  the body is the concentration of  SePP 
(selenoprotein P) in the blood and the activity of  glutathione peroxidase (Köhrle 
et al., 2005; Kravtsiv and Yanovich, 2008).

According to the literature, metals are able to form strong sulphide bonds, 
which lead to blocking of  functional SH-groups (sulfhydryl groups) in a number 
of  antioxidant enzymes (Trachtenberg et al., 2010, 2015), including glutathione 
peroxidase, which contains selenocysteine. The mechanism of  GPX-1 inhibition is 
based on the binding of  heavy metals to reduced glutathione (GSH) in the active site 
of  these enzymes (Rusetskaya and Borodulin, 2015).

The high degree of  GPX-1-positive pinealocytes’ cytoplasm colour intensity and the 
presence of  secretory granules in their cytoplasm may indicate, in our opinion, the 
maximum stress degree of  adaptive secretory processes in these pinealocytes.

In addition, in our opinion, there is a very interesting correlation between the 
presence of  the GPX-1 marker in the cytoplasm of  pinealocytes and the presence 
of  secretory granules in their cytoplasm, as well as the location of  such secretory 
active cells in the perivascular spaces. In our opinion, this can be explained by their 
better supply of  oxygen and nutrients due to active glial proliferates, which increased 
number was found in the peripheral areas of  the gland compared to deeper areas. 
Adaptive processes in the gland included an increase in the number of  cells with 
nuclei in which the nucleoli were visualized, which is also a sign of  increased synthetic 
activity of  cells.

Conclusion
Thus, the long-term (90-days) intake of  heavy metal salts mixture leads in the 
experimental animals to the development of  the general adaptation syndrome, that 
represents a stage of  chronic stress “subcompensation” in the pineal gland.

Morphological rearrangements are of  nonspecific polymorphic nature as severe 
hemodynamics disorder in the organ, impairment of  vascular wall morphology, 
development of  tissue hypoxia and oxidative stress, processes of  accelerated 
apoptosis in part of  pinealocytes, a significant decrease in glutathione peroxidase level 
in the organ and reactive astrogliosis as a response to the damaging agent’s action.
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Along with the negative changes in the pineal gland, there also occur 
compensatory-adaptive processes with signs of  functional stress. A sufficiently 
high degree of  glutathione peroxidase activity in 39% of  pinealocytes located 
perivascularly, active adaptive glial reaction and activation of  synthetic processes in 
some pinealocytes were observed.
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Abstract: Fine needle aspiration cytology (FNAC) is an integral part in the 
diagnostic work up of  thyroid nodules. FNAC reports are based on Bethesda 
system for thyroid cytopathology which is one of  the most commonly used systems 
worldwide. The main objective of  the present study was to evaluate the malignancy 
rates in Bethesda category III and IV thyroid nodules over a six-year period. 
642 thyroid FNAC were performed over a six-year period. The medical records of  
all these patients were reviewed using electronic patient records. Cases reported to 
have Bethesda category III and IV were included in the study. Data for these patients 
were reviewed to determine the relationship between these categories and thyroid 
cancer. There were 41 cases of  category III of  which 19 underwent surgery and 
the malignancy rates were found to be 26.3%. Category IV consisted of  50 cases 
of  which 45 underwent surgery and the malignancy rates were 26.6%. The results 
from our study are similar to findings in larger multicentric studies which found 
that malignancy rates for Bethesda category III and IV were 10–30% and 25–40%, 
respectively.
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Introduction
Distinguishing a benign from a malignant thyroid nodule can be challenging at 
times. Fine needle aspiration cytology (FNAC) plays a crucial role in the diagnosis 
of  thyroid nodules. Although an imperative investigation, reports at times can 
be ambiguous and hence perceived differently by surgeons and endocrinologist 
(Redman et al., 2006). Due to these shortcomings a standardized reporting system 
such as Bethesda system for reporting thyroid cytopathology plays an important 
role. Based on this system, thyroid FNAC are classified into six categories which 
are, category I – non diagnostic, category II – benign, category III – atypia of  
undetermined significance (AUS) or follicular lesion of  undetermined significance 
(FLUS), category IV – follicular neoplasm, category V – suspicious for malignancy 
and category VI – malignant. Introduction of  this system of  reporting has not only 
improved the overall quality of  reporting FNAC but also reduced the number of  
unwanted thyroidectomies (Crowe et al., 2011).

Thyroid nodules classified as Bethesda category III are difficult to distinguish as 
benign or malignant and are reported as atypia of  undetermined significance or 
follicular lesion of  undetermined significance. According to the 2017 Bethesda 
consensus (Cibas and Ali, 2017), risk of  malignancy from these nodules is 6–18% 
when non-invasive follicular thyroid neoplasm (NIFTP) is not considered as cancer 
versus 10–30% when NIFTP is considered as cancer and can be managed initially 
with a repeat FNAC.

A few recently published papers have suggested higher malignancy rates associated 
with Bethesda category III. Bethesda category IV includes follicular neoplasm 
or suspicious of  follicular neoplasm. At a cytological level both follicular cancer 
and benign follicular neoplasm look identical making it difficult for pathologist to 
distinguish the two. Identification of  either capsular or vascular invasion on FNAC 
can confirm malignant diagnosis (Ohori et al., 2010).

The aim of  this study is to evaluate the risk of  thyroid cancer for Bethesda 
category III and category IV nodules over a six-year period.

Material and Methods
This is a retrospective observational study of  all thyroid nodules with a Bethesda 
category III and IV results investigated by department of  general surgery, surgical 
oncology and otorhinolaryngology between January 2015 and December 2020. All 
reports were obtained using the hospitals electronic patient record system. Since no 
intervention was carried out on patients and this is a retrospective review, ethical 
committee waiver of  consent was approved.

In the case of  larger nodules FNAC was performed directly into palpable nodule 
while in the case of  smaller nodules it was done under ultrasound guidance. All 
FNAC were reported according to Bethesda classification. All category III cases 
were classified as either AUS or FLUS. All smears were fixed with alcohol and 
stained with Papanicolaou stain. Following the initial FNAC patients were given the 
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option of  undergoing surgery versus a repeat FNAC in 1–3 months in Bethesda 
category III.

Inclusion criteria included all patients with Bethesda category III and IV nodules 
and had operative details and histology available. Patients whose electronic records 
did not have the above information were excluded from the study. There were 
106 patients in total included in this study of  which 47 were category III and 59 were 
category IV. The histopathological reports were compared with FNAC reports in 
order to determine rate of  malignancy.

Results
A total of  642 thyroid FNAC were performed from January 2015 to December 
2020. The total number of  males was 112 and females 530. Age ranged from 16 to 
78 years. Based on Bethesda system there were 18 in category I, 442 in category II, 
47 in category III, 59 in category IV, 35 in category V and 41 in category VI (Table 1).

Category 3 was further divided into AUS and FLUS which included 32 and 15, 
respectively. Out of  the 47 cases in category 3, 6 patients were lost to follow-up. 
Among the remaining 41 cases, 6 (14.7%) had immediate surgery of  which 5 (83.3%) 
were found to be benign and 1 (16.6%) malignant. The remaining 35 (85.3%) 
underwent repeat FNAC of  which 3 (8.5%) were reported as category I, 19 (54.2%) 
as category II and 13 (37.1%) as category III. Patients with repeat FNAC reported 
as category III underwent surgery and 9 (69.2%) were benign and 4 (30.7%) were 
malignant (Figure 1).

There were 59 patients in category IV of  which 9 were lost to follow-up. The 
remaining 50 cases underwent surgery of  which 38 were benign and 12 were 
malignant (Figure 2).

Malignancy was diagnosed in 5 (26.3%) out of  19 cases diagnosed as category III 
and 12 (26.6%) out of  50 cases diagnosed as category 4 that had undergone surgery 
(Table 2).

Based on histopathology, benign cases included follicular adenoma, Hashimoto’s 
thyroiditis and nodular colloid goitre while malignant diagnosis included papillary 

Table 1 – Patient categorization based of Bethesda System  
for Reporting Thyroid Cytopathology

Bethesda category No. of cases (%)

Category I
Category II
Category III
Category IV
Category V
Category VI

18 (2.8%)
442 (68.8%)

47 (7.3%)
59 (9.1%)
35 (5.4%)
41 (6.3%)
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carcinoma thyroid (PTC), follicular carcinoma thyroid and Hurtle cell carcinoma. The 
most common type of  cancer in category IV was PTC (66.6%) followed by follicular 
cancer thyroid (25%). The only malignant tumour in category III was papillary 
cancer thyroid (Figure 3). Among the 5 cases of  PTC in category III, 1 case was 

Figure 1 – Flow chart of  category III thyroid nodules on fine needle aspiration cytology.

Figure 2 – Flow chart of  
category IV thyroid nodules 
on fine needle aspiration 
cytology.
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Figure 3 – Flow chart of  Bethesda category III and IV and histopathology results following surgery.

NIFTP, 3 were conventional and 1 was tall cell variant. Among the 8 cases of  PTC in 
category IV, there were 2 cases of  follicular variant of  PTC while the remaining  
6 were conventional PTC.

Discussion
Bethesda System for Reporting Thyroid Cytology has played an important role is 
standardizing reports for thyroid FNAC. The main aim of  this system was to have 
a clear understanding about the potential malignancy rates among various sub 
categories. The main limitation of  this system are category III and category IV where 
the risk of  malignancy remains unclear (Somma et al., 2010). Some researchers have 
a shared opinion that either by reducing or eliminating certain Bethesda categories, 
it would help in easy decision-making in patient management. However, studies have 
shown that eliminating category III or IV increases the rates of  false positivity, false 
negativity and lowers the sensitivity of  FNAC (Shi et al., 2009).

In the present study, the mean age was 47 years and there were a greater 
number of  females as compared to males. This was comparable to other published 

Table 2 – Malignancy ratios of thyroid nodules following surgery

Benign (%) Malignant (%) Total

Bethesda III
AUS
FLUS
Bethesda IV

14 (73.6%)
10 (71.4%)

4 (80.0%)
38 (76.0%)

5 (26.3%)
4 (28.5%)
1 (20.0%)

12 (24.0%)

19
14

5
50

AUS – atypia of  undetermined significance; FLUS – follicular lesion of  undetermined significance

Total number of  patients with Bathesda
category III that underwent surgery

N = 19

Total number of  patients with Bathesda
category IV that underwent surgery

N = 50

Follicular adenoma – 4
Hashimoto’s thyroiditis – 3
Colloid goitre – 7
Papillary thyroid cancer – 5

Follicular adenoma – 13
Hashimoto’s thyroiditis – 10
Colloid goitre – 15
Papillary thyroid cancer – 8
Follicular thyroid cancer – 3
Hurtle cell carcinoma – 1
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studies (Ho et al., 2014; Yaprak Bayrak and Eruyar, 2020). The present study 
evaluated FNAC reports of  642 patients with thyroid nodules. Among these 
patients 7.3% were category III and 9.1% were category IV based on initial FNAC. 
Some case series reported a much higher incidence i.e., 22.6% were category III 
and 14% were category IV (Yaprak Bayrak and Eruyar, 2020). A case series by Ho 
et al. (2014) showed similar incidence of  category III as the present study.

Malignancy rates in respect to Bethesda category III and category IV will vary 
from institute to institute with higher rates seen more commonly in multicentric 
studies. Studies that evaluated a larger population with thyroid nodules showed that 
malignancy rates in Bethesda category III range from 10–30% while category IV 
ranges from 25–40% (Ho et al., 2014; Cibas and Ali, 2017). Studies with smaller 
cohorts showed that malignancy rates can be as high as 40% in category III 
(Alexander et al., 2012; Canberk et al., 2016). In the present study, malignancy 
rates were 26.3% and 26.6% for category III and category IV respectively which are 
similar to studies with a larger cohort. Undoubtedly, these rates play an important 
role when surgeons need to decide whether patients need surgery or regular 
observation and follow-up. Mathur et al. (2014) evaluated 4,827 FNAC of  which 
255 patients with Bethesda category III underwent surgery and malignancy rates 
were 39%, which is much higher as compared to our study. In another large cohort 
by Jo et al. (2010) the malignancy rates for category III was 17% and category IV 
was 25%, which is comparable to our study. Difference in malignancy rates seems 
to depend on the interpretation of  FNAC by various cytopathologist.

In the present study, the malignancy rates of  patients that underwent immediate 
surgery was 16.6% and 28.8% for category III and category IV, respectively. The 
malignancy rates in thyroid nodules following a repeat FNAC were 30.7% and 
26.3% in category III and category IV, respectively. Similar findings were also 
seen in a study by Yaprak Bayrak and Eruyar (2020) where malignancy rates 
were higher following patients that had a repeat FNAC for category III thyroid 
nodules. Chirayath et al. (2019) carried out a prospective study to determine 
malignancy rates in Bethesda category III and IV. They recommended that patents 
with category III should undergo repeat FNAC while those with category IV can 
proceed directly to surgery. Papillary thyroid cancer was the most common cancer 
type in both category III and IV. This was similar to study done Cavalheiro et al. 
(2018).

Conclusion
This study provides a more accurate analysis of  cancer rates in patients with thyroid 
nodules classified as Bethesda category III and IV, as these patients underwent 
surgical excision. The study concludes that malignancy rates associated with Bethesda 
category III and IV are similar to already published data which relates to 10–30% and 
25–40%, respectively.
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Abstract: The SARS-CoV-2 viral load in a respiratory sample can be inversely 
quantified using the cycle threshold (Ct), defined as the number of  amplification 
cycles required to detect the viral genome in a quantitative PCR assay using reverse 
transcriptase (RT-qPCR). It may be classified as high (Ct < 25), intermediate (25–30) 
and low (Ct > 30). We describe the clinical course of  3 patients with haematological 
neoplasms who contracted COVID-19. None of  them had been vaccinated. Firstly, 
a 22-year-old male with a refractory acute lymphoblastic leukaemia experienced an 
oligosymptomatic COVID-19 and had a Ct of  23 with an ascending curve. Another 
male, aged 23, had recently begun treatment for a promyelocytic leukaemia. He had 
a subacute course with high oxygen requirements. His Ct dropped from 28, when 
he only experienced fever, to 14.8, during the most critical period and on the edge 
of  ventilatory support. Viral clearance was documented 126 days after the beginning 
of  the symptoms. Finally, a 60-year-old male had received rituximab as maintenance 
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therapy for a follicular lymphoma 3 months before contracting COVID-19. He had 
a fulminant course and required mechanical ventilation a few days later. We highlight 
the association between the course of  CoViD-19 and the Ct. Viral shedding was 
longer than in immunocompetent hosts.

Introduction
SARS-COV-2 viral load in a respiratory sample can be inversely quantified using 
the cycle threshold (Ct). In a quantitative reverse-transcription polymerase chain 
reaction test (RT-qPCR), the Ct is understood as the number of  amplification 
samples required to detect the viral genome above a colorimetric threshold 
(fluorescence). Therefore, the lowest number of  cycles correspond to the highest 
viral load, and vice versa. A standard RT-qPCR executes a maximum of  40 cycles 
(Engelmann et al., 2021).

Even though the evidence gathered so far is non-conclusive, the Ct values from 
nasal swabs seem to correlate with the risk of  death from the disease caused by 
the novel coronavirus SARS-COV-2, COVID-19 (Faíco-Filho et al., 2020), its clinical 
evolution (Rabaan et al., 2021), and the viral infectivity (La Scola et al., 2020).

We hereby describe the clinical evolution of  3 patients with previous 
haematological neoplasms, in different stages, who contracted, COVID-19 and 
correlated it with Ct values of  their nasal swabs.

Case report
Case 1
A 22-year-old male, carrier of  a refractory high-risk acute lymphoblastic leukaemia 
after two different treatments, had been discharged until bridge therapy for 
haematopoietic stem cell transplantation became available. In December 2020, 
at home, he experienced fever and odynophagia. He was diagnosed with mild 
COVID-19 with a PCR in nasal swab in a different medical centre, which is why we 
were not able to establish the initial Ct. He did not experience any other symptoms 
and there were no radiologic findings compatible with pneumonia. His symptoms 
lasted about 5 days.

20 days later, he was re-admitted to receive blinatumomab, a T-cell bispecific 
engager monoclonal antibody (BiTE) that acts binding T-cells and leukemic cells that 
express CD19, promoting the destruction of  the latter (Einsele et al., 2020). He was 
asymptomatic and in excellent general conditions. The chest X-ray was normal. The 
absolute neutrophil and lymphocyte counts were 1,700 and 1,510/µl respectively. 
The remainder of  the laboratory exam was unremarkable. He did not receive any 
specific treatment for COVID-19. In accordance with the sanitary protocols valid at 
that time, we obtained a follow-up RT-qPCR which was detectable with a Ct of  23. 
He received the drug with no complications.

A RT-qPCR performed a week later reported a Ct of  33. 7 days afterwards, 
34 after symptom onset, viral clearance was documented with a negative test.
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Case 2
A 23-year-old male with no past medical records was admitted for a new-onset, 
high-risk acute promyelocytic leukaemia in April 2021. This was his laboratory exam 
on admission: Haematocrit = 35%, haemoglobin = 12 g/dl, leukocytes = 43,870/µl 
(neutrophils = 21,935/µl, lymphocytes = 3,850/µl), platelets = 32,000/µl,  
prothrombin time = 56%, aPTT – activated partial thromboplastin time = 
42 seconds, fibrinogen = 73 mg/dl. He started to receive the specific treatment with 
all-trans retinoic acid (ATRA), and, on the fifth day, the first infusion of  idarubicin 
(AIDA protocol). 24 hours later he presented with fever. He had a positive RT-qPCR 
with an initial Ct of  28, and chest computed tomography (CCT) reported subtle 
sub-pleural ground-glass opacities compatible with viral infection (Figure 1). He had 
had no need for supplementary oxygen at first. Apart from transfusion support, he 
received convalescent plasma, in accordance with our institutional protocol at that 
time. He continued treatment for his leukaemia.

On day 19 from symptom onset, he began to require supplementary oxygen, 
first with a low-flow nasal cannula. He began to receive a 10-day course of  
dexamethasone 6 mg qd at this point. Ct on a follow-up nasal swab had dropped to 
14.8. The most critical moment, from the respiratory point of  view, was observed 
on the 30th day since symptom onset. He needed oxygen delivered through 
a high-flow non-rebreather mask. His hemogram reported a total leukocyte count 
of  1,080/µl, 820/µl neutrophils, and 100 lymphocytes/µl. The CCT demonstrated 
progression of  the lung infiltrates (Figure 2), which coincided with the Ct nadir 
(13.8).

Figure 1 – Patient 2: Chest computed tomography  
on admission. Mild ground-glass opacities are 
observed (white arrow). The patient had no 
supplementary oxygen requirement. Ct (cycle 
threshold) was 28.

Figure 2 – Patient 2: Chest computed tomography  
on Ct (cycle threshold) nadir (13.8), on 30th day since 
symptom onset. Remarkable progression of  lung ground-
glass opacities (asterisk), with areas of  parenchymatous 
consolidation (white arrows). The patient  
required oxygen through a non-rebreather mask.
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He continued to need oxygen supplementation, regressively after 3 days with the 
maximum supply, for a total of  17 days. 71 days after symptom onset, RT-qPCR 
was still positive, but Ct was Ct. Viral clearance was confirmed on day 126 after 
symptom onset (approximately 4 months). He had no respiratory sequelae.

Case 3
A 60-year-old male had been successfully treated for a grade-IV follicular lymphoma 
with 6 cycles of  R-CHOP protocol (rituximab, cyclophosphamide, doxorubicin, 
vincristine and prednisone), and, after 6 months, he had a negative PET (positron 
emission tomography)/computed tomography. He had received the most recent 
maintenance treatment with rituximab 3 months before the hospital admission 
presented.

He consulted for a 7-day history of  cough and myalgia, and fever on the 
day he attended to the hospital. He was febrile, hemodynamically stable and 
required oxygen administered by a low-flow nasal cannula. The most remarkable 
laboratory results were leukopenia (3,020/µl, with 2,310 neutrophils/µl and 
870 lymphocytes/µl) and renal failure (creatinine clearance = 31 ml/min/1.72 m2). 
The CCT showed peripheral ground-glass opacities with predominance of  both lung 
bases and superior lobes (Figure 3). The RT-qPCR for SARS-COV-2 genome was 
positive with an initial Ct of  10. Dexamethasone 6 mg qd was initiated. The patient 
progressively required greater oxygen supplementation. A follow-up CCT obtained 
a week later demonstrated radiologic progression of  the bilateral ground-glass 
opacities with sub-pleural predominance. 20 days after symptom onset he required 

Figure 3 – Patient 3: Chest computed tomography 
on admission (day 7 since symptom onset), when 
he needed oxygen through low-flow nasal cannula. 
Ct (cycle threshold) was 10. Subpleural ground-glass 
opacities with basal predominance (black arrow).

Figure 4 – Patient 3: Chest X-ray which shows near 
complete involvement of  lung parenchyma by patchy 
infiltrates. This film was obtained the day before he 
died.
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mechanical ventilation and died on the 40th day. Figure 4 shows multiple bilateral 
opacities on X-ray obtained the day before death.

It is important to highlight that none of  these patients had been vaccinated for 
COVID-19.

Discussion
Patients with leukaemias, lymphomas and myelomas are the most susceptible to 
severe forms of  COVID-19, and have a higher mortality rate than the general 
population and even higher than other oncologic patients with solid tumours (Lee 
et al., 2020). The American Society of  Hematology reported a 28% mortality rate 
in a registry of  250 patients with haematological neoplasms (Wood et al., 2020). 
Local data gathered in Argentina concluded a 20.8% mortality rate (Basquiera et al., 
2021).

One multicentric and retrospective study developed in New York (Westblade et 
al., 2020) included patients with and without cancer and classified the SARS-COV-2 
viral load, according to the Ct value, in high (Ct < 25), intermediate (25–30) and low 
(Ct < 30). Moreover, in vitro, it has not been possible to achieve viral transfection 
using respiratory samples with Ct > 34 inoculated to Vero E6 cells, suggesting that 
patients with this Ct value or higher are no longer contagious (La Scola et al., 2020). 
Viral shedding in immunocompromised patients tends to be longer than in the 
general population. It has been reported as long as 151 days after symptom onset 
(Choi et al., 2020).

In case 3, with a catastrophic end, it is of  supreme importance to remember that 
rituximab, an anti-CD20 monoclonal antibody, causes a prolonged B-cell depletion, 
secondary hypogammaglobulinemia, and the consequent infectious complications. 
There has been a reasonable concern for patients who require this treatment during 
the COVID-19 pandemic. A small, retrospective study of  49 patients who had 
received this drug, for any medical reason, and contracted COVID-19, reported that 
63.2% had to be admitted, 24.5% required intensive care, and 32.7% died (Levavi et 
al., 2021).

The interpretation of  Ct has its limitations since several factors may influence the 
result (Rabaan et al., 2021). They have been classified as pre-analytic (collection 
technique, type of  specimen, sampling time and viral kinetics), analytic (internal 
control, type of  RT-qPCR, purity of  reagents, pipetting defects) and post-analytical 
(interpretation of  results).

Even though Ct has not been formally and universally validated for routinary use 
(IDSA, 2021), it could be useful in individual cases when certain clinical decisions 
must be made. In the city of  Buenos Aires, Argentina, the local Ministry of  Health 
stated that, for immunocompromised patients with COVID-19, isolation may be 
safely ended when, after 21 days from symptom onset, Ct value is greater than 
35, provided the test is positive (Buenos Aires Ciudad – Gobierno de la Ciudad 
Autónoma de Buenos Aires, 2021).
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Last but not least, it is noteworthy that Ct and viral load are not the only 
laboratory determinations that can be used as clinical prediction tools in COVID-19. 
Two SARS-CoV-2 structural proteins elicit the generation of  antibodies: nucleocapsid 
protein (N) and spike glycoprotein (S). The latter also functions as a viral attachment 
and fusion protein, enabling virus binding and entry via de angiotensin-converting 
enzyme 2 (ACE-2) (Murrell et al., 2021). Both of  them can be quantitatively 
measured in serum and have shown to correlate with disease severity and intensive 
care unit admission, although correlation was higher for S (Ogata et al., 2020). On 
the other hand, sensitivity of  antigen tests varies depending on the viral load, as was 
reported by Ford et al. (2021). A sensitivity greater than 90% was achieved only with 
samples with Ct values lower than 29 cycles (Ford et al., 2021). This singularity place 
quantitative antigen tests at a disadvantage for a comprehensive course predictive 
tool.

Conclusion
We have presented 3 patients with haematologic neoplasms who contracted 
COVID-19 and had different clinical courses, ranging from a practically eventless 
disease to a fulminating pneumonia, whose Ct values accompanied the disease 
development.

We could not avoid mentioning that our study is a limited case series of  the most 
representative patients we have encountered since the beginning of  the COVID-19 
pandemic, rather than original research from which definitive conclusions could be 
derived.

In accordance with other authors’ experience, we believe that Ct is a potentially 
useful tool which could guide therapeutic decisions and monitor the course of  
COVID-19, especially in patients with haematologic neoplasms.
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Abstract: Amyotrophic lateral sclerosis is a chronic degenerative disease that 
affects motor neurons, thereby promoting functional changes in the human body. 
The study evaluated the electromyographic fatigue threshold of  the masseter and 
temporal muscles of  subjects with amyotrophic lateral sclerosis. A total of  eighteen 
subjects were divided into two groups: amyotrophic lateral sclerosis (n=9) and 
disease-free control (n=9). The groups were equally divided according to gender 
(7 males, 2 females). The fatigue threshold was analysed using median frequencies 
obtained during the 5-second window (initial [IP], mid [MP], and final [FP] periods) 
of  electromyographic signalling of  the masseter and temporal muscles bilaterally, 
with reduction in muscle force during maximal voluntary dental clenching. Significant 
difference (p<0.05) in the left temporal muscle: IP (p=0.05) and MP (p=0.05) 
periods was demonstrated. The amyotrophic lateral sclerosis group showed a 
decrease in median frequency of  the electromyographic signal of  the masseter and 
temporal muscles compared to the control group. Amyotrophic lateral sclerosis 
promotes functional impairment of  the stomatognathic system, especially at the 
electromyographic fatigue threshold of  the masticatory muscles.
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Introduction
Amyotrophic lateral sclerosis is an adult-onset neurodegenerative disease that affects 
the upper and lower neuromotor system at the bulbar, cervical, thoracic, and lumbar 
levels (van Es et al., 2017). It prevents correct functionality of  the skeletal striated 
musculature, leading to progressive muscle atrophy and paralysis (Martin et al., 2020; 
Wobst et al., 2020; Peters et al., 2021; Goutman et al., 2022).

Subjects who develop amyotrophic lateral sclerosis have a clinical picture of  
fasciculation, progressive muscle weakness, and muscle deterioration. Changes 
start at the extremities, usually unilaterally. Difficulties in speaking and performing 
voluntary movements may also be observed (Gonçalves et al., 2018). However, 
sensory function and intellectual capacity remain unaffected (Gonçalves et al., 2018).

The incidence of  amyotrophic lateral sclerosis is not fully established and 
reported rates vary, depending on the studied population (Zapata-Zapata et al., 
2019). Annually, the worldwide incidence is approximately 1 to 2.6 cases per 
100,000 subjects, and the prevalence is 6 cases per 100,000 (Talbott et al., 2016).

Voluntary muscle activities involve mechanisms controlling the cerebral cortex and 
the formation of  cross-bridges of  myosin with actin filaments, resulting in muscle 
fiber contractions (Kawai and Jin, 2021). When assessing muscle activities, voluntary 
muscle fatigue stands out (Berchicci et al., 2013) that is induced by sustained 
contractions. Contractions is a determinant function of  muscle performance 
(Oliveira et al., 2017; Akagi et al., 2020) and observational studies have provided 
evidence demonstrating fatigue in subjects with Amyotrophic lateral sclerosis 
(Nazemi et al., 2016; de Carvalho et al., 2019).

Muscular imbalances resulting from chronic degenerative diseases can be evaluated 
by specific methods using surface electromyography, which analyses biomechanical 
effects from the muscular fatigue process (Wanshi Arnoni et al., 2019). However, 
the electromyographic fatigue threshold of  masticatory muscles in subjects with 
amyotrophic lateral sclerosis has not been identified so far.

In this study, the electromyographic fatigue threshold of  the masseter and 
temporal muscles of  subjects with amyotrophic lateral sclerosis was investigated. The 
null hypothesis to be tested is that there will be no difference between the groups.

Material and Methods
Study design
The study was approved by the local ethics committee (process 
# 13071913.3.3001.5419). All subjects were given written and verbal information 
before participating and gave their written consent.

A post hoc sample size calculation was conducted with α = 0.05 and a power 
of  99%. For the main outcome: median values of  the median frequency in the 
fatigue condition for the left temporal muscle (mean of  initial periods, disease-free 
control group = 144.12 [24.58] and amyotrophic lateral sclerosis group = 183.10 
[51.33]), an effect size of  0.96 was determined. The minimal sample size obtained 
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was 18 volunteers (9 in each group). Sample size calculation was performed with the 
G* Power software (v.3.1.9.2, Franz Faul, Universität Kiel, Germany).

We evaluated subjects with ALS (amyotrophic lateral sclerosis) who attended the 
Department of  Neurosciences and Behavioral Sciences, Ribeirão Preto, São Paulo, 
Brazil. From an initial cohort of  thirty subjects with amyotrophic lateral sclerosis, nine 
subjects with the disease (mean age [SD – standard deviation] = 43.5 [4.5] years) 
were selected for the amyotrophic lateral sclerosis group on the basis of  the eligibility 
screening criteria.

All subjects with amyotrophic lateral sclerosis were medicated with riluzole. The 
potential drug interactions with caffeine, anti-inflammatory, tranquillizer, vasodilator, 
and antidepressants were explained, to avoid the reduction of  drug potentiation. The 
diagnosis of  the disease was confirmed by an experienced neurologist.

The disease-free control group (mean age [SD] = 43.3 [4.9] years) comprised of  
subjects with normal occlusion (Angle’s class I), without temporomandibular disorder, 
with all permanent teeth (except third molars) who were matched by age, gender, and 
body mass index with the subjects in the amyotrophic lateral sclerosis group (Table 1). 
The groups were equally divided into males and females (7 males, 2 females).

The exclusion criteria included cognitive changes, necessity for ventilatory 
support, diseases of  the anterior medullary horn, dementia, visual, autonomic, and 
sphincter disorders, temporomandibular disorders, absence of  first permanent 
molars, and moderate to severe malocclusion. Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD) questionnaire was used to determine 
the absence of  temporomandibular disorders in both groups (Louca Jounger et al., 
2017).

Analyses of  the electromyographic signals were performed by a single trained 
professional. Intra-examiner calibration was performed for all analyses in this study. 
The reliability of  the intra-rater was calculated via intra-class coefficient (ICC). 
Reliability was considered acceptable for electromyographic activity (ICC = 0.936).

Surface electromyography recordings
Surface EMG (electromyographic) activity recordings were performed using 
MyoSystem Br1_P84 electromyograph (Datahominis, Uberlândia, Minas Gerais,  

Table 1 – Comparison of body mass index and age (years) between 
amyotrophic lateral sclerosis group (ALSG) and disease-free control 
group (CG) using Student’s t-test (p<0.05)

Groups

P-valueALSG CG

Age
Body mass index

43.50 (4.50)
20.68 (1.53)

43.30 (4.90)
21.38 (1.46)

0.97
0.74
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Brazil) with four simple differential active sensors (Datahominis Ltda., Modelo 
DHT-easd; two 10-mm-long × 2-mm-wide silver chloride bars 10 mm apart). 
Input impedance of  1010 Ω/6, pf, bias current input of  ±2 nA, common-mode 
rejection ratio of  110 dB at 60 Hz, and gain equal to ×20, was used to capture the 
electromyographic signals of  the masseter and temporal muscles under the following 
conditions of  the electromyographic fatigue threshold (Hz).

The sensors were positioned in the masticatory muscles by the same operator 
trained according to the Surface EMG for Non-Invasive Assessment of  Muscles 
(SENIAM) recommendations (Hermens et al., 2000).The positioning point of  the 
sensors was determined by dental clenching in maximum voluntary contraction, 
accompanied by digital palpation.

Fatigue threshold of  the electromyographic signal was assessed using the median 
frequency spectrum. Muscle fatigue was determined by reduction of  muscle force 
during maximal voluntary dental clenching (Gandevia, 2001; Di Palma et al., 2017).

The duration of  maximum isometric contraction was measured. The case group 
had an average period of  29.48 ± 4.06 seconds, and the disease-free control group 
had an average period of  28.88 ± 5.01 seconds.

The signals were analogically amplified (1000× gain), filtered (0.02–2 kHz bandpass 
filter), and sampled by a 12-bit A/D converter board with a 4 kHz acquisition 
frequency. The processed electromyographic signals from the masseter and temporal 
muscles bilaterally, enabled the establishment of  the raw signal that was used to 
derive median frequency values through the five-second window of  the initial, mid, 
and final periods.

Statistical analysis
Data are presented as group mean values ± standard deviations (SD). The 
electromyographic data were tabulated and analyzed using the BM SPSS Statistics 
for Windows, version 22.0 (IBM SPSS, IBM Corp., Armonk, NY, USA). Data were 
submitted to Student’s t-test (p<0.05).

Results
Table 1 shows a comparison of  the data between the groups. No significant 
differences (95% confidence interval [CI]) were found between the groups in terms 
of  age (p=0.97) and body mass index (p=0.74).

The median frequencies of  the electromyographic signal of  the masseter and 
temporal muscles bilaterally, during the initial (IP), mid (MP), and final (FP) periods 
were compared between the groups, as shown in Table 2. Statistical significance was 
demonstrated (p≤0.05) in the left temporal muscle during the IP (p=0.05) and MP 
(p=0.05) periods. The amyotrophic lateral sclerosis group showed a decrease in the 
median frequency of  the electromyographic signal of  the masseter and temporal 
muscles compared to the control group.
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Discussion
To the authors’ knowledge, this is the first study to examine the electromyographic 
fatigue threshold to determine the functional patterns in subjects with amyotrophic 
lateral sclerosis. When comparing subjects with amyotrophic lateral sclerosis with 
disease-free subjects, the null hypothesis of  this study was rejected because there 
was a significant difference between the groups.

The identification of  muscle fatigue through electromyographic evaluation 
has been evidenced by the phenomenon of  decreased median frequency of  the 
electromyographic signal (Oliveira et al., 2005; Wanshi Arnoni et al., 2019; Qi et 
al., 2020). Although muscle fatigue is a well-studied subject, no results were found 
in any studies regarding electromyographic fatigue threshold of  the masseter and 
temporal muscles in subjects with amyotrophic lateral sclerosis. This made it difficult 
to compare our results with those of  previous studies.

According to Wanshi Arnoni et al. (2019), the median frequency spectrum in the 
electromyographic signal of  the masseter and temporal muscles is lower than that in 
the control group without degenerative diseases, such as osteoporosis (Imagama et 
al., 2019). Our results concur with the findings of  the literature, where the spectrum 
of  the median frequency of  the masseter and temporal muscles in the initial, 
medium, and final periods were shown to be smaller in the amyotrophic lateral 
sclerosis group.

Table 2 – Mean values, standard deviation, and statistical significance 
(p<0.05) of the median frequency spectrum (Hz) in the condition of 
electromyographic fatigue of the right masseter (MD), left masseter 
(ME), right temporal (TD), and left temporal muscles (TE): initial (IP), 
mid (MP), and final (FP) periods between amyotrophic lateral sclerosis 
(ALSG) and disease-free control (CG) groups

Muscles Periods
Groups

P-value
ALSG CG

RM
IP
MP
FP

139.12 ± 44.75
135.63 ± 45.39
132.41 ± 45.34

164.36 ± 48.03
158.41 ± 43.83
152.23 ± 41.81

0.26
0.29
0.34

LM
IP
MP
FP

130.60 ± 27.30
120.72 ± 26.40
116.65 ± 23.33

159.01 ± 49.36
151.44 ± 42.34
140.05 ± 41.69

0.15
0.08
0.16

RT
IP
MP
FP

138.32 ± 31.01
133.20 ± 30.92
126.55 ± 28.88

176.55 ± 50.77
164.18 ± 44.99
159.23 ± 48.72

0.07
0.10
0.10

LT
IP
MP
FP

144.12 ± 24.58
138.15 ± 33.27
139.25 ± 30.09

183.10 ± 51.33
176.87 ± 46.07
166.95 ± 40.51

0.05
0.05
0.11
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The observed reduction in the median frequency spectrum of  subjects with 
amyotrophic lateral sclerosis may be explained by the relationship between 
production and control of  muscle strength, which are processes resulting from 
the central and peripheral nervous systems. It is known that the median frequency 
spectrum is a sensitive variable, which is associated with changes in the pattern of  
muscle recruitment and the absence of  speed of  propagation of  the action potential 
of  muscle fibers, causing changes in the physiological muscle profile (Escorcio-
Bezerra et al., 2018; Musarò et al., 2019).

In subjects with amyotrophic lateral sclerosis, the motor units that have 
lost innervation, return to innervation after a certain period, due to the axon 
collateral sprouting that occurs in the surviving motoneurons. This influences the 
characteristics of  the muscle fibers, modifies the recruitment patterns of  the muscle 
fibers, and the production of  strength; thereby reducing the synchrony of  activation 
of  muscle fibers with polyphasic potentials (Martineau et al., 2018). Thus, the action 
potential of  the motor unit increases in size and decreases in functionality, with 
reduced amplitude and duration.

In the analysis of  the electromyographic fatigue between the groups during the 
initial, mid, and final periods, a significant difference was found only for the left 
temporal muscle in the initial and mid periods. This muscle presented higher values in 
the disease-free control group. The other muscles studied did not show a significant 
difference.

Neurons are cells that make up the central nervous system, polarized with an 
extended axon, facing, with the function of  maintaining energy homeostasis and 
mitochondrial integrity (Lin et al., 2017). Chronic mitochondrial stress has been 
mentioned in the main neurodegenerative diseases, including amyotrophic lateral 
sclerosis (Xie et al., 2015). The decrease in the median frequency spectrum 
in amyotrophic lateral sclerosis during the initial, mid, and final periods of  the 
electromyographic signal may be directly related to mitochondrial stress. In this 
study, long-term cumulative mitochondrial stress was not evaluated, which can lead 
to axonal accumulation of  damaged mitochondria, promoting less efficiency (Xie et 
al., 2015).

Thus, there is a direct relationship between the motor neuron and the action 
potential of  the muscle fiber. The possible changes in this dynamic process that 
results from the combination of  depolarization and repolarization could compromise 
muscle efficiency and reduce the spectrum of  the median frequency of  the 
electromyographic signal of  the skeletal striated muscle of  subjects with amyotrophic 
lateral sclerosis.

The decreased of  the median frequency spectrum of  the electromyographic 
signal in subjects with amyotrophic lateral sclerosis can also be explained by the 
interruption of  blood flow, with a lack of  nutrients and oxygen in the skeletal 
muscles that subjects with degenerative disease may present as clinical signs (Tanaka 
et al., 2003).
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This study is important for determining the morphology and function of  humans, 
especially the skeletal striated muscles of  subjects with amyotrophic lateral sclerosis 
because it shows that disease alters the standard electromyographic. Therefore, 
the clinical relevance lies in the fact that longer dental procedures could take place 
in subjects with degenerative disease, as long as the dentist is careful to respect the 
functional conditions of  the masticatory muscles that can fatigue more easily, when 
compared to groups without the disease.

This study has several limitations. First, the sample size is small. Second, significant 
differences between the groups and monitoring of  the subjects longitudinally would 
provide more information. However, in this study, the electromyographic analysis 
was performed for only a single time point.

Conclusion
The authors of  this study suggest that amyotrophic lateral sclerosis promotes 
functional impairment of  the stomatognathic system; in particular, in the 
electromyographic fatigue threshold of  the masticatory muscles.
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Abstract: Patients intoxicated with methamphetamine-like substances may 
present with myoglobinuria but rarely require admission. An 18-year-old female 
was admitted due to intoxication with pervitin, a methamphetamine derivative. She 
presented with an altered mental status, fever, and increased heart and respiratory 
rates. Biomarkers showed leukocytosis and markedly increased procalcitonin levels, 
suggestive of  sepsis. However, blood cultures and infectious disease workup were 
unrevealing. Clinical course was heralded by rhabdomyolysis and myoglobinuria 
resulting in multi-organ failure including respiratory failure necessitating mechanical 
ventilation, hemodynamic compromise with need for inotropic support, and an 
acute renal failure requiring renal replacement therapy. Surprisingly, after a transient 
improvement, an unexpected second peak of  myoglobin was observed on hospital 
day 5, controlled by intensifying the elimination methods, and administration of  
dantrolene. Acute kidney injury resolved by hospital day 15, and the patient could 
be discharged on day 22. While most patients with intoxications are discharged 
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within 24 hours from emergency departments without being admitted, our case 
report highlights that the organ injury may evolve beyond the usual observation 
period, traditional renal-replacement therapies may not be sufficient to mitigate 
myoglobinemia with resulting acute kidney injury, and that procalcitonin may not be a 
reliable biomarker of  infection in the setting of  drug-induced rhabdomyolysis.

Introduction
Pervitin, a methamphetamine parallel, has been synthesized in 1937 and massively 
marketed to German soldiers during World War II as a psychostimulant to facilitate 
their alertness and combat capacities for prolonged periods of  time, sometimes 
days (Defalque and Wright, 2011). Scientific explorations striving to characterize the 
psychomimetic drug effects have been conducted by American psychiatrists in the 
late 1940s (Levine et al., 1948; Schein and Goolker, 1951). To this date, along with 
methamphetamine, pervitin ranks among the most popular illicit stimulant drugs, 
accounting for 30 to 50% of  most used drugs in central Europe (Sejda et al., 1998; 
Seblova et al., 2005).

Intoxication with pervitin is characterized by agitation, restlessness, headaches, 
mydriasis, tachycardia with arrhythmias, and increased body temperature. 
Severe intoxications may be complicated by altered levels of  consciousness that 
complicates obtaining a relevant clinical history. The clinical picture of  hyperpyrexia 
in intoxications often resembles that of  malignant hyperthermia, including 
rhabdomyolysis, impaired liver and renal function, disseminated intravascular 
coagulopathy (DIC) and multi-organ failure. Biomarkers of  sepsis are often utilized to 
differentiate between infectious vs. non-infectious pathologies in patients presenting 
with fever. Most patients with acute intoxications with methamphetamines are 
discharged from emergency departments after extended observation period without 
being admitted. However, a small number of  patients presenting with intoxication 
warrant in-hospital admission and complex care for complex metabolic disturbances.

Case report
Emergency Medical Service crew was dispatched to the railway station to an 
unconscious patient “found down”. At the scene, an 18-year-old female was located. 
Reportedly, she had injected herself  with an extremely high dose (1 g) of  pervitin 
intravenously (IV). No past medical history could be obtained from the patient. She 
was found delirious, uncooperative, agitated, severely hypoglycemic (1.9 mmol/l), 
febrile, with mydriatic pupils. She was transported to the Emergency Department of  
the General University Hospital in Prague, Czech Republic.

In the emergency department, she was found restless, with mydriatic pupils, minor 
muscle tremor, chills, fever (axillary temperature 39.2 °C; bladder temperature 
41.2 °C). Electrocardiogram revealed stable sinus tachycardia 150/min. She was 
normotensive and tachypneic > 35 breaths/min. Pulse oximetry showed 95% 
on room air. No meningeal irritation was observed. The primary and secondary 
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surveys including focal assessment with sonography in trauma ruled out solid organ 
injury. Blood and urine samples were obtained, and the patient was admitted to the 
Intensive Care Unit due to suspected developing septic shock.

Upon admission, her Glasgow Coma Scale score was determined to be 6. She 
was intubated for airway protection, and mechanical ventilation was commenced. 
An empiric antibiotic therapy (amoxicillin clavulanate + gentamicin) was started due 
to fever, high leukocyte count (30.6×109/l) and risk of  bloodstream infection in 
an IV drug abuser. Urine toxicology screen was positive for excitatory amines and 
cannabinoids. Admission laboratory values identified acute kidney injury (AKI), acute 
liver injury, coagulation abnormalities and rhabdomyolysis with increased myoglobin 
levels. Biomarkers of  sepsis showed markedly increased procalcitonin (PCT) 
contrasting only a modest increase of  C-reactive protein (CRP) (Figure 1). She 
tested positive for hepatitis C (viral load 3,480 IU/l; normal values < 15 IU/l).

In the next 24 hours, clinical condition of  the patient gradually worsened despite 
ongoing support of  her vital functions, ultimately developing multi-organ failure. 
She required hemodynamic support with norepinephrine at 0.25 µg/kg/min. Acute 
anuric renal failure developed requiring initiation of  continuous renal replacement 
therapy (CRRT) in the form of  continuous veno-venous hemodialysis (CVVHD) 
using Aquarius Haemodialysis System (Edwards Lifesciences, United Kingdom) with 
Aquamax HD19 filter (Nikkiso, Belgium).

Laboratory results (summarized in Table 1) were dominated by increased 
markers of  rhabdomyolysis: creatine phosphokinase (CPK, 501 µkat/l), myoglobin 
(21,266 µg/l) and aspartate aminotransferase (AST, 18.93 µg/l). Increased 
nitrogenous end products of  metabolism (urea 20 mmol/l, creatinine 325 µmol/l) 
documented AKI. Acute liver injury was documented by increased liver 
enzymes, specifically alanine aminotransferase (ALT, 13.14 µkat/l) and aspartate 
aminotransferase (AST, 18.93 µkat/l). Biomarkers of  sepsis showed isolated 
significant increase of  PCT (74.31 µg/l) with modest increase of  CRP (20.8 mg/l), 

Figure 1 – Dynamics  
of  the biomarkers of  sepsis  
(CRP – C-reactive protein;  
PCT – procalcitonin).
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and leukocytes (17.7×109/l). Coagulation parameters were also altered significantly, 
suggestive of  DIC (INR – international normalized ratio 2.08; aPTT – activated 
partial thromboplastin time 103 s) with thrombocytopenia (61×109/l).

On day 3, PCT level was decreasing, but CRP and leukocytes remained increased 
(PCT 49.94 µg/l, CRP 15.5 mg/l, leukocytes 15.6×109/l). Thus, gentamicin 
was discontinued, while amoxicillin clavulanate and rifaximin were continued. 
Spontaneous coagulation disorder and thrombocytopenia persisted, which was 
treated by pooled platelets and plasma administration. Myoglobin levels decreased 
to 11,373 µg/l during ongoing CVVHD that was continued for 76 hours (myoglobin 
clearance 16.9 ml/h). Liver function tests further increased.

On day 4, the patient was extubated as her clinical condition improved. Myoglobin 
levels increased again to 25,485 µg/l. CRRT method was changed from CVVHD to 
high-flux continuous veno-venous hemofiltration (CVVH) to facilitate the elimination 
of  myoglobin, and continued for 62 hours. This was confirmed by the evaluation of  
the dialysate, confirming a successful removal of  myoglobin (myoglobin clearance 
20.3 ml/h).

On day 5, a second peak of  myoglobin (>40,500 µg/l) and CPK (944.64 µkat/l) 
was observed despite CVVH. At that time-point, dantrolene (100 mg IV) was 
added to the therapy to further mitigate rhabdomyolysis. On the following days, 
the myoglobin concentration gradually decreased (Figure 2). The patient remained 
anuric, requiring continued CRRT.

On day 9, the patient remained hemodynamically stable with adequate 
spontaneous respiration, and re-started oral intake. However, her anuria 
persisted. She was transferred to the Department of  Nephrology for further 
care, where intermittent hemodialysis treatment (IHD) was provided. The last 
IHD was performed on day 15, while diuresis gradually resumed. After 22 days of  
hospitalization, the patient was discharged home.

Figure 2 – Dynamics  
of  the biomarkers  
of  rhabdomyolysis (CPK – 
creatinine phosphokinase).
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She was seen in the outpatient clinic for follow-up after five weeks. She was 
in a stable clinical condition with normalized glycemia, normal CRP, persisting 
kidney injury and increased liver function tests with increased hepatitis C viral load 
(127,000 IU/l).

Discussion
The main toxicity seen with methamphetamines including pervitin is acute behavioral 
disturbance, which is usually managed adequately with sedation. The most common 
complications are rhabdomyolysis (30%) and acute kidney injury (15%). Less than 
15% of  patients seen in emergency departments are admitted, usually to behavioral 
units (Isoardi et al., 2019). However, severe intoxications may present under 
complex picture of  altered mental status prohibiting obtaining relevant medical 
history, with a combination of  chronic and acute medical problems. The propensity 
of  intoxicated patients to develop rhabdomyolysis has been recognized (Penn et 
al., 1972). Initial care is often based on physical assessment of  vital signs, supported 
by panels of  laboratory assessments to facilitate diagnostic process and initiate 
treatment.

Multiple biomarkers are utilized to diagnose infection in patients presenting with 
fever. The most commonly used biomarkers in patients with suspected sepsis are 
CRP and PCT, both with excellent diagnostic capacities including high sensitivity 
and specificity to differentiate between bacterial infection vs. systemic inflammatory 
response syndrome (Hu et al., 2017).

Our case is interesting in two distinct aspects: first, initially high CRP and PCT 
levels with fever suggested bacterial infection. Second, myoglobin profile had a 
second, higher peak occurring late on day 5 of  in-hospital stay, despite ongoing 
CRRT.

Increased PCT without evidence of  infection
Fever, tachycardia, high white blood count along with high initial CRP level and PCT 
level (on day 2) were originally suggestive of  bacterial infection, as suspected in an IV 
drug abuser presenting with fever. Hence, antibiotic therapy was initiated accordingly. 
However, if  infection was found to be the underlying pathology, a different course 
of  PCT values had been expected in the following days. PCT peaks in 24 hours, CRP 
peaks with a slight delay in 48 hours. PCT usually shows an upward tendency in the 
first days. CRP values would mirror high PCT levels (with slight delay) in patients 
with preserved protein synthesis capacities.

Once the admission blood cultures and swabs returned negative, antibiotic therapy 
was de-escalated on day 3. Due to persistently high, albeit decreasing, PCT and 
CRP levels, we continued amoxicillin clavulanate for 6 days on an empirical basis. 
After repeated negative findings on microbiological examination of  swabs and blood 
cultures, we excluded concurrent infection and started to consider a non-infectious 
origin of  the increased PCT level. Our hypothesis of  a non-infectious origin of  the 
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high PCT levels was supported by the persistently low CRP values during the early 
in-hospital stay. The high leukocyte count and neutrophil-lymphocyte ratio (NLR) in 
the first three days of  hospitalization could be interpreted as a nonspecific marker 
of  inflammation. NLR is more likely to be a marker of  severity of  the condition. 
However, we cannot exclude with certainty an infectious etiology of  the condition 
(only less than 50% of  sepsis cases show an infectious agent) although this seems less 
likely.

In massive rhabdomyolysis, a marked increase in PCT levels associated with 
sympathomimetic drug intoxication has been described in several case-reports 
(Lovas et al., 2014). PCT is produced by injured tissues and macrophages. Its 
secretion is activated by damage associated molecular patterns (DAMPs), mainly 
alarmins, which are endogenous mediators produced by processes such as ischemia, 
trauma or necrosis, in the case of  hyperpyrexia triggered by heat shock proteins 
(HSPs). Kodama et al. (2021) described a similar increase of  PCT in a 20-year-old 
female following sympathomimetic drug overdose after ingestion of  ephedrine, 
ephedrine derivative, yohimbine and caffeine in an apparent suicide attempt. No 
bacterial infection was identified (Kodama et al., 2021). Zuberi et al. (2019) describe 
a massive PCT increase after intoxication of  a psychostimulant kratom, associated 
with hypotension and transient AKI. The patient required hemodynamic support 
with vasopressors. AKI was managed with IV fluid therapy without the need for 
dialysis (Zuberi et al., 2019).

Two-peak myoglobinemia
Our patient also presented with high levels of  myoglobin suggestive of  
rhabdomyolysis, characterized by spillage of  the contents of  myocytes into plasma. 
Large amounts of  potassium, myoglobin, creatine, phosphate and CPK are released 
into the circulation. Rhabdomyolysis is a common cause of  AKI. The mechanisms of  
renal failure in rhabdomyolysis probably include intrarenal vasoconstriction, direct 
toxic and ischemic tubular injury, and tubular obstruction (Bosch et al., 2009).

To monitor the course of  rhabdomyolysis, we chose the level of  myoglobin, 
along with CPK and AST. Myoglobin is a 17.8 kDa protein found in striated and 
cardiac muscle. Increased myoglobin concentrations in plasma are detected as early 
as 2 hours after the injection; maximum values are reached after 4–12 hours and 
then, in case of  intact renal function, rapidly decrease. Myoglobin has an advantage 
over CPK as it is less dependent on the total lean body mass. AST is primarily a 
liver enzyme but is also found in muscle, increasing after muscle damage after 4 
hours, reaching maximum after 16–48 hours. CPK is present in myocardium, skeletal 
muscle, and brain. The plasma concentration of  total CPK increases approximately 
3–6 hours after muscle or myocardial injury.

The increase in liver function tests is generally accepted as a biomarker of  liver 
injury. We acknowledge that skeletal muscle injury can also induce an isolated 
increase of  ALT and/or AST (Pettersson et al., 2008; Khatri et al., 2021). However, 
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this was not probably the case in our patient, as increased levels of  ALT and AST 
were also accompanied by increased levels of  bilirubin and ALP. MDMA (“ecstasy” – 
methylenedioxymethamphetamine) use per se is well known cause of  liver injury 
(e.g. Andreu et al., 1998) which was probably the leading cause of  increased liver 
function tests in our patient.

Initial myoglobin levels were significantly increased despite initial fluid-resuscitation 
therapy. Markers of  AKI increased, and the patient became anuric. This prompted 
us to initiate CRRT. Creatinine, urea and myoglobin levels initially decreased, as 
expected. Surprisingly, myoglobin levels started to increase again, peaking on 
day 5 at two-fold higher level than the original peak observed on day 1. This was 
observed despite the ongoing, intensified regimen of  CRRT using hemofiltration 
(Amyot et al., 1999; Zhang et al., 2012). We did not use CVVHD with a high cutoff 
dialyzer (Weidhase et al., 2020) or hemoadsorption (Dilken et al., 2020; Scharf  
et al., 2021; Moresco et al., 2022) which was reported to effectively eliminate 
myoglobin as this method was not available to us at that time. We acknowledge 
that conventional CVVHD does not effectively remove myoglobin (Zeng et al., 
2014). However, biochemical assessment of  the dialysate supported an effective 
elimination of  myoglobin with our technique. At that time, we have decided to 
add to the complex therapy dantrolene based on its previously reported beneficial 
effects on both rhabdomyolysis and neuroleptic malignant syndrome caused by 
traditional anticholinergics or illicit drugs with similar properties (Russell et al., 
2012; Musselman and Saely, 2013). Dantrolene, a ryanodine receptor type 1 
(RYR-1) antagonist, was used to induce skeletal muscle relaxation through a dose-
dependent inhibition of  sarcoplasmic calcium release, primarily at skeletal-muscle 
RYR-1 receptors, directly inhibiting excitation-contraction coupling. The safety of  
dantrolene use for MDMA-induced hyperpyrexia has been documented before 
(Grunau et al., 2010). This approach appeared to be beneficial as the myoglobin 
levels started to downtrend.

The CRRT could be discontinued over next few days. The patient was 
transitioned to IHD and discharged. A resulting chronic renal injury persisted.

Methamphetamine abuse is known to cause both acute and chronic kidney 
injury. Myoglobinemia and AKI are frequent complications of  acute intoxications. 
However, most cases are mild and do not necessitate treatment. Richards et al. 
(1999) reports that less than 10% of  patients with methamphetamine intoxication 
develop acute renal failure, and only 3% required dialysis. This is in concert with a 
recent report by Isoardi et al. (2020) who reports that rhabdomyolysis is present 
in 30% of  patients, while only 13% had AKI. All episodes of  AKI resolved with 
supportive care, including IV rehydration. Concurrent rhabdomyolysis occurred 
in 23 (56%) patients with AKI (Isoardi et al., 2019, 2020). The progression of  
rhabdomyolysis into AKI worsens the prognosis of  the patient (Rogliano et al., 
2020). The expected duration of  CRRT after illicit drug use does not seem to be 
longer than in patients with rhabdomyolysis from other causes, with only 5% of  
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patients requiring RRT at 3 months (Lim et al., 2020). Chronic methamphetamine 
use can result in end-stage renal disease even without a sentinel event of  
rhabdomyolysis (Foley et al., 1984; Baradhi et al., 2019).

Multiple case reports highlighted the possibility of  AKI following methamphetamine 
intoxication (Scandling and Spital, 1982), requiring a combination of  CRRT and 
IHD up to three weeks (Terada et al., 1988). Novel amphetamine compounds 
may be associated with even higher risk for rhabdomyolysis and AKI, e.g. synthetic 
cathinones (O’Connor et al., 2015). A delayed presentation five days after 
methamphetamine use resulting in simultaneous acute liver injury and AKI has also 
been reported. The patient was managed with five IHD sessions (Gurel, 2016).

Our observation of  two-peak myoglobin levels is unique but has some support in 
the literature. Zarlasht et al. (2017) report similarly shaped two-peak profile of  CPK 
levels in a patient with rhabdomyolysis refractory to IV fluid therapy. The breakpoint 
was achieved after administration of  high-dose corticosteroids (Zarlasht et al., 2017).

Slightly increased CRP levels followed the two-peak pattern of  myoglobin values. 
Thus, we consider the pattern of  CRP response to be more reflective to non-
infectious insult rather than bacterial infection (Figure 1).

PCT increase is probably not due to rhabdomyolysis itself  but is the result of  the 
global response to a trigger that causes rhabdomyolysis. In our patient, PCT has 
been declining steeply since the first measurement and did not mirror the two-peak 
profile of  myoglobin. The exact mechanism remains unknown. We could speculate 
that the PCT peak was caused by rhabdomyolysis. The second peak in a two-peak 
release of  myoglobin or CPK did not represent further tissues breakdown but 
rather a washout from a covert depot. This hypothesis would also be supported 
by the observation that AST dynamics were also characterized by a single peak. 
Alternatively, the second instance of  rhabdomyolysis on day 5 did not trigger such a 
strong systemic response, which was reflected by an isolated CRP increase without 
PCT increase.

It remains undetermined why myoglobin peaked again during CRRT. Myoglobin 
levels were monitored in the dialysate. As plasma myoglobin levels increased, 
dialysate myoglobin levels also increased and accounted for approximately 10% 
of  plasma levels. One of  the reasons could be the administration of  neuroleptics 
(melperone, haloperidol) for sedation due to restlessness since day 3. Neuroleptics 
can induce neuroleptic malignant syndrome in this setting. It is possible that the 
patient was more sensitive to this adverse effect after the muscle damage had 
already taken place. However, in this scenario, a concurrent increase of  AST 
would be expected. Psychostimulant intoxication, neuroleptic malignant syndrome 
and serotonin syndrome were reported to be clinically overlapping (Demirkiran 
et al., 1996). Dantrolene has been used successfully in the treatment of  both 
methamphetamine toxicity and neuroleptic malignant syndrome (Dixit et al., 2013). 
Indeed, we have seen a decrease in myoglobin levels shortly after administration of  
dantrolene.
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Dantrolene is a cornerstone of  the treatment of  malignant hyperthermia, usually 
associated with the use of  triggering anesthetics or depolarizing muscle relaxants in 
susceptible persons. However, its use outside this scenario has been documented 
previously (Krause et al., 2004). Intoxications with psychostimulants is also 
characterized by extremely high temperatures with muscle breakdown. Dantrolene 
has been used with beneficial effects in intoxications with MDMA presenting with 
fever (Kunitz et al., 2003; Hall and Henry, 2006; Moon and Cros, 2007).

Conclusion
Intoxicated patients may present with severe impairment of  consciousness and 
multi-organ failure. Detailed history is often unobtainable. Physical examination, 
laboratory and microbiological investigations support the decision-making process 
and help to guide therapy. Intoxication with psychostimulants may be accompanied 
by rhabdomyolysis with myoglobinemia, potentially resulting in AKI. Dialysis 
therapy may be needed for several days. A serial monitoring of  myoglobin levels 
seems warranted given the reported delayed myoglobinemia despite ongoing 
CRRT. A possible complementary role of  neuroleptics used for sedation in these 
cases could not be ruled out. An array of  biomarkers of  sepsis should be assessed 
simultaneously in the diagnostic process as isolated PCT increase without increase in 
other biomarkers may not be indicative of  sepsis.

In summary, our case report highlights two important aspects of  care for patients 
with acute psychostimulant intoxications. First, myoglobin levels may have a delayed, 
higher peak several days after the intoxication, further aggravating AKI. However, 
an alternative cause of  the second myoglobin increase triggered by administration 
of  neuroleptics could not be ruled out. Second, PCT levels may not be specific for 
a bacterial infection in this setting. Clinicians caring for these patients should be 
cognizant of  these complex considerations.
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Abstract: Spontaneous pneumothorax is a serious and life-threatening complication 
of  SARS-CoV-2 pneumonia. It most commonly occurs during the acute phase of  the 
disease in patients with pre-existing lung disease (e.g. emphysema, bronchiectasis, 
cystic fibrosis, etc.) and in patients who require oxygen supplementation in any 
form (low-flow oxygen therapy, high-flow non-invasive or mechanical invasive or 
mechanical invasion). A rare case of  a 52-year-old patient with a spontaneous 
pneumothorax who developed four weeks after PCR SARS-CoV-2 positivity was 
described. Interestingly, the patient did not have any factors that the literature 
considered risky for the development of  this complication. During the acute phase of  
the disease, his condition did not require hospitalization. Imaging examinations could 
not clarify the cause of  pneumothorax. With this case report, we want to point out 
the fact that spontaneous pneumothorax, as a rare and life-threatening complication 
of  COVID-19 infection, may develop during recovery, and it is necessary to think 
about this complication in the differential diagnosis of  dyspnoea.
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Introduction
More than a year has passed since the end of  December 2019. In the Chinese city 
of  Wu-Chan (Hubei Province), cases of  pneumonia of  unknown aetiology began 
to appear. It has rapid progression to acute respiratory insufficiency syndrome. 
On January 9, 2020, China’s CDC (Disease Control and Prevention) identified a 
new coronavirus, SARS-CoV-2 (2019-nCoV), causing the disease called COVID-19 
(ECDC, 2020).

Spontaneous pneumothorax is a relatively rare event that may complicate the 
course of  SARS-CoV-2 pneumonia. The essence of  the disease is the accumulation 
of  air in the space between the parietal and visceral pleura. It is a life-threatening 
condition requiring rapid diagnosis and treatment (Zhang and Liu, 2020).

Pneumothorax and COVID-19
Approximately 80% of  patients infected with SARS-CoV-2 virus have mild clinical 
manifestations of  the disease and do not require hospitalization or oxygen therapy. 
Some patients develop viral pneumonia, which may be accompanied by various 
pulmonary and extrapulmonary complications. From the group of  pulmonary 
complications, bacterial superinfection, the development of  respiratory insufficiency 
syndrome, pulmonary embolization, or the development of  a respiratory disease 
based on pulmonary parenchymal fibrosis in the later period are the most common 
in clinical practice (Zhou et al., 2020).

In the field of  viral pneumonia, we speak of  secondary pneumothorax, which 
probably arises due to diffuse, structural damage to lung tissue by coronavirus 
with increased intrathoracic pressure (most often with persistent cough), 
rupture of  interalveolar septa and bulges, followed by air leakage. Spontaneous 
pneumothorax is more commonly observed in patients with pre-existing lung disease 
(e.g. emphysema, bronchiectasis, cystic fibrosis, etc.). Mechanical ventilation, as 
well as high-frequency non-invasive oxygen therapy, are other risk factors. A small 
percentage of  patients may develop pneumothorax only based on ongoing viral 
pneumonia (Xu et al., 2020).

Case report
A 52-year-old patient, a non-smoker, treated for arterial hypertension (valsartan), 
bipolar affective disorder (i.e. without drug treatment), sleep disorder, and 
generalized anxiety disorder with claustrophobia, otherwise without other 
diagnoses (height 185 cm, weight 78 kg, BMI – body mass index 22.8). In the  
past, he underwent subtotal extirpation of  schwannoma from C3-4 
hemilaminectomy.

COVID-19 disease was confirmed by RT-PCR test 3. 2. 2021. He arrived for 
an examination at the infectious clinic on March 2, 2021, i.e. four weeks after 
confirming the disease. As part of  his current illness, he reported persistent cough 
and dyspnoea, which lasted only from the morning since he came out of  the 
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Figure 1 – X-ray of  the chest 
with a finding of  massive 
pneumothorax on the right,  
on the left are finding  
of  spotted opacities – 
COVID-19 pneumonia (white 
line – pneumothorax line).

shower and is independent of  body position. Azithromycin, rovamycin, and the 
immunomodulator inosine pranobex were used during quarantine.

Physical examination: afebrile, blood pressure 140/78 mm Hg, auscultation: basal 
crepitations on the left, weakened basal respiration on the right, regular heartbeat, 
tachycardia, 109 pulses/min, saturation 95–97%, otherwise somatic age finding 
appropriate.

The performed ultrasound examination of  the lungs aimed to detect interstitial 
changes in the lung parenchyma documents on the left diffuse numerous B-lines and 
a small consolidation with minimal fluidothorax. On the other hand, the finding on 
the right was adverse in terms of  the B line.

Due to the clinical condition, dyspnoea with tachycardia, an internal examination, 
and an X-ray examination of  the chest (Figure 1) was subsequently performed with 

Table 1 – Results of realized laboratory parameters

Investigated laboratory parameter Resulting value/standard

Hemoglobin (g/dl)
White blood cells (109/l)
Plates (109/l)
D-dimer (mg/l)
CRP (mg/l)
Procalcitonin (µg/l)
IL-6 (ng/l)
pO2 (kPa)
pCO2 (kPa)
CD4+ T lymphocytes (109/l)
CD8+ T lymphocytes (109/l)

15.46 (13–18)
12.94 (10–18)

363.00 (150–400)
2.10 (0.03–0.5)
6.26 (0–5.0)
0.02 (0–0.50)
6.02 (1.5–7.0)
9.15 (10.67–14.36)
4.50 (4.26–6.38)
0.89 (0.3–1.4)
0.46 (0.2–0.9)

CRP – C-reactive protein; IL – interleukin
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the finding of  extensive pneumothorax on the right partial collapse of  all three 
pulmonary lobes apically reaching 44 mm. In addition, in the left hemithoraxis, 
mottled, confluent opacities of  the nature of  infiltrative changes evaluated as 
COVID-19 pneumonia have been described.

The results of  the performed laboratory examinations are described in Table 1.
After an internal examination, the patient was urgently admitted to the ICU 

(Intensive Care Unit) surgical clinic. He was drained of  his right pleural cavity (in 
the fifth intercostal space, in the anterior axillary line using a 28 CH drain) and 
subsequently drained evacuated air.

After acute drainage, a control chest X-ray was performed (Figure 2), which 
documents the correct position of  the chest drain. Pneumothorax is no longer 

Figure 2 – X-rays of  the  
chest after drainage of  the  
right hemithorax (arrow –  
thoracic drain).

Figure 3 – High-resolution 
computed tomography 
examination of  the chest  
with the finding of  residual 
changes after COVID-19 
pneumonia otherwise without 
other pathological changes.
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described. Infiltrative changes persist bilaterally. The patient received comprehensive 
symptomatic treatment during hospitalization, and no antibiotics were given. HRCT 
(high-resolution computed tomography) of  the lungs was not performed due to 
claustrophobia. After six days of  hospitalization, the patient was discharged to 
outpatient care.

One month after discharge and subsequent patient education, HRCT lung 
examination was performed, which, despite claustrophobia, was well performed. This 
examination describes the residual changes after overcoming COVID-19 pneumonia 
(Figure 3), but without the explanatory cause of  pneumothorax in the CT (computed 
tomography) image and the finding of  subpleural bullae resp. another pathological 
finding.

The cause of  spontaneous pneumothorax could not be clarified even after a follow-
up pneumological examination.

Discussion
Spontaneous pneumothorax is a rare complication of  COVID-19 infection occurring 
mainly in ventilated patients, resp. in patients requiring oxygen supplementation with 
high flow nasal cannula. The present case report describes a patient who developed 
spontaneous pneumothorax 4 weeks after a diagnosis of  COVID-19 infection. 
Interestingly, the patient did not have any risk factors for his development (pre-
existing lung disease, invasive ventilation, injury, smoking, etc.) and did not require 
oxygen therapy in any form during the acute phase of  the infection.

The cause of  pneumothorax in the described patient one month after RT-PCR 
positivity remains unknown. The performed HRCT examination of  the chest did 
not reveal the cause of  pneumothorax in terms of  hitherto unknown and untreated 
respiratory diseases such as, e.g. chronic obstructive pulmonary disease, emphysema, 
bronchiectasis, bullae, etc. Persistent suffocating cough may also be one of  the causes 
of  the disease. Wang et al. (2020) state that barotrauma caused by persistent coughs 
can lead to this complication.

However, the pathology that led to spontaneous pneumothorax development may 
be at the microscopic level. Huis In ‘t Veld et al. (2021) report that lung tissue samples 
taken from patients during necropsy revealed changes in the hyaline membrane 
and microvessel thrombosis. Based on these findings, a possible explanation for the 
development of  pneumothorax in our patient could be the development of  subpleural 
organized microinfarcts due to peripheral thrombosis (the patient did not receive 
anticoagulant therapy). These areas of  microinfarction could lead to disruption of  
pleural continuity and eventually to pneumothorax. However, it was most likely a 
combination of  the mentioned mechanisms – barotrauma + microscopic damage to 
lung tissue (peripheral thrombosis and viral pneumonia).

Sun et al. (2020) described 2 cases of  spontaneous pneumothorax development, 
which occurred four weeks after COVID-19 infection, but was caused by a rupture of  
the pulmonary bullae.
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A similar case of  spontaneous pneumothorax in a PCR SARS-CoV-2 positive 
patient who had no risk factors for its development was published by Huis In ‘t Veld 
et al. (2021). The course of  the disease is in many ways similar to the case report 
we describe. There was a 38-year-old patient who was five weeks after overcoming 
COVID-19 infection. The acute phase of  the disease was mild and not hospitalized. 
After five weeks, she was examined for sudden dyspnoea and right-sided pleurisy 
pain. A bilateral pneumothorax was described on a chest X-ray, the cause of  which 
could not be elucidated (Huis In ‘t Veld et al., 2021).

Another case report in which the patient developed spontaneous unilateral 
tension pneumothorax after a clinical course suggesting COVID-19 infection is 
also mentioned in the literature. However, this patient did not have a confirmed 
coronavirus infection (PCR SARS-CoV-2 repeatedly negative). However, the clinical 
course of  the disease and radiological findings indicated COVID-19. However, the 
patient had risk factors for developing pneumothorax – a history of  asthma and 
active smoking (Flower et al., 2020).

Noppen (2010) report that the risk factors for spontaneous pneumothorax include 
the male sex, tall and slender, and active smoking.

The patient from our case report had the described risk factors (male, 185 cm,  
78 kg, BMI 22.8) but no smoker.

Martinelli et al. (2020) found that pneumothorax, as a complication of  COVID-19 
infection, is three times more common in men, is most often right-sided, and is 
more common in patients over 50. However, only mechanically ventilated and 
spontaneously breathing patients requiring low-flow oxygen therapy have been 
studied (Martinelli et al., 2020).

Kanık-Yüksek et al. (2021) in their publication describe a case of  spontaneous 
pneumothorax in a 17-year-old patient without risk factors. The patient was treated 
on an outpatient basis at the onset of  the disease. The development of  clinical signs 
occurred on day 9 of  the RT-PCR positive test when he developed dyspnoea and 
chest pain. Spontaneous pneumothorax was demonstrated by imaging (CT, X-ray). 
No other risk factors for spontaneous pneumothorax (chronic or previous lung 
disease, smoking, height, low body weight, etc.) have been identified in the patient 
(Kanık-Yüksek et al., 2021).

Ekanem et al. (2021) in their publication describe a group of  1,619 patients, of  
whom 22 (1.4%) developed spontaneous pneumothorax. 52% of  patients had 
a history of  arterial hypertension, 32% had diabetes mellitus, and 14% smoked. 
However, it is important to note that all patients in this group were hospitalized 
during the acute phase of  COVID-19 and required oxygen therapy in various forms 
(from the nasal cannula to the ECMO – extracorporeal membrane oxygenation). 
They developed spontaneous pneumothorax between 1 and 15. day of  
hospitalization (median day 9). 8 patients (36%) left (Ekanem et al., 2021).

It is crucial to note that HRCT lung examination should also be performed in 
all patients diagnosed with pneumothorax. We also want to note that ultrasound 
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examination of  the lungs is an imaging method capable of  capturing pneumothorax 
through basic B mode (abolished lung sliding, lung point sign) and also special 
imaging – M mode (bar code sign). Unfortunately, at the time of  the COVID-19 
pandemic, which many patients characterize, ultrasound examination of  the lungs is 
mainly focused on diagnosing interstitial pneumonia. Monitoring of  lung sliding in B 
mode and examination in M mode is often not performed due to time constraints 
(similar to our case).

Sartans (valsartan) have not been mentioned in the literature as a possible cause of  
spontaneous pneumothorax.

Conclusion
Spontaneous pneumothorax is a rare (incidence about 1%) and potentially lethal 
complication of  SARS-CoV-2 pneumonia (Chen et al., 2020).

This article presents a case report of  a 52-year-old patient who developed 
spontaneous pneumothorax four weeks after RT-PCR of  SARS-CoV-2 positivity. 
An interesting case is the finding of  spontaneous pneumothorax in a patient without 
risk factors, without oxygen support, and thus the possible influence of  artificial 
barotrauma. During the acute phase of  the disease, his condition did not require 
hospitalization. The pathophysiology of  spontaneous pneumothorax remains unclear. 
We assume that this is a combination of  risk factors: long-term cough-induced 
barotrauma and the development of  subpleural microinfarcts due to peripheral 
vascular thrombosis in the field of  undiagnosed viral pneumonia.
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