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Abstract
Background: Carbohydrate metabolism disturbances have long been considered the cause of civilisation diseases, such as type 2 
diabetes, obesity, or cardiovascular diseases. Currently an increasing number of theses also link impaired glucose and/or insulin me-
tabolism to neurodegenerative diseases, calling them neurometabolic diseases. 
Aim of the study was to assess the cytotoxic influence of multicompound biological material (blood serum) from people with differ-
ent carbohydrate metabolism disturbances to the viability of PC12 cell line. 
Material and methods: Undifferentiated PC12 cell line were incubated for 48 hours in standard conditions with the addition of hu-
man serum from individuals with diffrent  (low and high) levels of hyperglycaemia (LGL and HGL) and hyperinsulinaemia (LIL and HIL). 
The cytotoxicity was estimated by the MTT test, and the viability percentage (SP%) was calculated in relation to control samples (cells 
incubated only with RPMI). 
Results: The obtained results indicate cytotoxic activity and decreased viability of the PC12 cells after 48 hours of incubation with 
human serum with different degrees of hyperglycaemia and insulinaemia. Cell viability increased slightly with the increase in glucose 
level but decreased with the increase in insulin concentration in individual groups, but without statistical significance. 
Conclusions: Blood serum, as multicompound biological material, influences negatively PC12 cell line but in a variety of ways. 
Increasing hyperinsulinaemia has a higher cytotoxic effect on the cells than hyperglycaemia, which probably results from the fact 
that it is compensated by other components of biological material; however, further studies are necessary to obtain more detailed 
characteristics of these processes. 
Key words: 
cytotoxicity, hyperglycaemia, hyperinsulinaemia, biological material, PC12 cell line.

Streszczenie
Wstęp: Zaburzenia gospodarki węglowodanowej od dawna są uznawane za przyczynę występowania chorób cywilizacyjnych, takich 
jak cukrzyca typu 2, otyłość czy choroby sercowo-naczyniowe. Obecnie pojawia się coraz więcej tez łączących również nieprawidło-
wy metabolizm glukozy i/lub insuliny z chorobami neurodegeneracyjnymi, nadając im miano chorób neurometabolicznych. 
Cel pracy: Ocena cytotoksycznego działania wieloskładnikowego materiału biologicznego (surowica krwi) pochodzącego od osób 
z różnego stopnia zaburzeniami metabolizmu węglowodanów na przeżywalność komórek linii PC12. 
Materiał i metody: Niezróżnicowane komórki PC12 inkubowano przez 48 godzin w standardowych warunkach z dodatkiem su-
rowicy ludzkiej pochodzącej od osób z różnym stopniem (niskim i wysokim) hiperglikemii (LGL i HGL) i hiperinsulinemi (LIL i HIL). 
Cytotoksyczność oceniono testem MTT i obliczono procent przeżywalności (SP%) w stosunku do próby kontrolnej (komórki inkubo-
wane jedynie z RPMI). 
Wyniki: Uzyskane wyniki pokazują cytotoksyczne działanie i zmniejszoną przeżywalność komórek PC12 po 48 godzinach inkubacji 
z surowicą ludzką z różnego stopnia zaburzeniami glikemii i insulinemii. Przeżywalność komórek była nieco większa wraz ze zwięk-
szeniem stężenia glukozy, natomiast spadała wraz ze zwiększeniem stężenia insuliny w poszczególnych grupach. 
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Introduction

Carbohydrate metabolism abnormalities have been long 
considered the main cause of civilisation diseases, such as 
type 2 diabetes, obesity, metabolic syndrome, or cardiovascu-
lar diseases [1, 2]. Lately has become more and more com-
mon to link impaired metabolism of glucose and other carbo-
hydrates to neurodegenerative diseases, such as Alzheimer’s 
disease, giving them the name of neurometabolic diseases [3]. 
It is indicated that in people with diabetes the risk of occurrence 
of dementia is significantly higher [4]. It is significant due to 
the alarming statistical data concerning the increasing number 
of cases of both diabetes and neurodegenerative disorders.  
According to WHO estimates, there are over 425 million people 
suffering from diabetes in the world, and this number has dou-
bled within the last 30 years. Furthermore, 42 million individuals 
in the world suffer from dementia, and this number is increasing 
by 10 million each year [2]. The extent of this problem prompt-
ed scientists to try to explain the pathomechanisms respon-
sible for the increased occurrence of Alzheimer’s disease in the 
population of people suffering from diabetes. 

Theories that link neurodegenerative diseases to distur-
bances in carbohydrate metabolism in the central nervous 
system (CNS) seem promising because glucose is the main 
energy source for the brain and its impaired supply conditions 
chronic pathological states in neuron function [5]. Impaired 
carbohydrate metabolism is related to cognitive function disor-
ders of both vascular and neurodegenerative origin. Increased 
glucose concentration in systemic circulation translates into its 
increased concentration in cerebral circulation when the storing 
capacity of astrocytes is exceeded [6, 7]. The glycation pro-
cess increases as well, both in the neurons and in the cells 
of cerebral circulation, which additionally induces disorders in 
the CNS [8]. For this reason, hyperglycaemia is considered to 
be a significant element in pathogenesis of neurodegenera-
tive diseases [9]. Among numerous micro- and macroangio-
pathic vascular complications of diabetes the disturbances in 
the brain are especially difficult to detect. In hyperglycaemia 
changes take place in the structure and physiological function 
of the neurons, and disturbances in neurotransmission, known 
as diabetic encephalopathies, occur [10]. The role of insulin 
as a regulating factor, excreted in the state of hyperglycaemia, 
which passes through the blood-brain barrier, is an important 
aspect in neuroendocrine disorders. Due to insulin receptors 
in the CNS, its activity is twofold: it acts as a peptide hormone 
and as a neurotransmitter for the neurons [11]. Literature data 
indicate that peripheral hyperinsulinaemia directly influences 

the development of insulin resistance in the brain and, conse-
quently, neuronal disturbances, and predisposes also to devel-
opment of neurodegenerative disorders [9, 12, 13].

States of hyperglycaemia in combination with insulin re-
sistance and hyperinsulinaemia, observed in individuals with 
impaired carbohydrate metabolism, are an important factor 
in further development of biochemical disturbances and the 
pathogenesis of clinical complications. They also predispose 
to the development of many neurodegenerative diseases, 
which has become an object of interest among many scientists 
[3, 12, 14]. Most of the literature to date concern the influence of 
individual, chemically pure substances (for example, glucose, 
insulin, glutathione solutions), which are conducted in vivo on 
animal models or in vitro on different cell lines [15, 16]. Howev-
er, there are no studies on models conducted in vitro that would 
analyse changes induced by multicompound biological mate-
rial (for example blood serum) from people with different de-
grees of disturbances in carbohydrate metabolism. The PC12 
cell line is among the most commonly used in in  vitro stud-
ies. Thanks to the analogy in morphology and in the function 
of sympathetic neurons, it is used in many studies within the 
scope of broadly defined neuroendocrinology. It is often used 
for initial assessment of cytotoxic activity of potentially harmful 
agents, both without differentiating the cells with neuron growth 
factor (nerve growth factor, NGF) [17, 18] and after their differ-
entiation with the NFG in line of cells similar to the neurons of 
the sympathetic nervous system, which enable the estimation 
of neurotoxic activity [15, 19]. 

The aim of the study was assessment of the influence of 
multicompound biological material (blood serum) from patients 
with disturbances in carbohydrate metabolism, reflected by dif-
ferent levels of hyperglycaemia and hyperinsulinaemia, on the 
viability of PC12 cell line. Changes in metabolic activity of cells 
after incubation with biological material were assessed using 
the MTT test and related to the percentage of viability (SP%) of 
the cells not exposed to any exogenous agents.

Material and methods

In this study blood serum and the PC12 cell line were used 
to conduct the experiments. The blood was from patients of the 
Clinic of Angiology, Diabetology, and Hypertension of Wroclaw 
Medical University, who were admitted to the hospital due to 
non-normalised glycaemia or clinical disorders resulting from 
it. In the examined individuals, other comorbidities and inflam-
matory conditions were excluded. All patients gave consent 

Wnioski: Wieloskładnikowy materiał biologiczny, jakim jest surowica krwi pochodząca od osób z różnym stopniem zaburzeń go-
spodarki węglowodanowej, wpływa niekorzystnie na komórki linii PC12, ale w różny sposób. Narastająca hiperinsulinemia działa 
bardziej cytotoksycznie na komórki niż hiperglikemia, co prawdopodobnie wynika z tego, że jest ona kompensowana przez inne 
składowe materiału biologicznego, jednak dalsze badania są konieczne dla dokładnej charakterystyki tych procesów.
Słowa kluczowe: 
cytotoksyczność, hiperglikemia, hiperinsulinemia, materiał biologiczny, komórki linii PC12.
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to participate in the study and the use of biological material 
was approved by the Bioethical Committee of the Medical Uni-
versity in Wroclaw (no. KB-629/2016). The whole blood from 
48 individuals (aged 27 to 83 years), 33 women and 15 men, 
was collected into sterile Vacutainer tubes, and then it was 
centrifuged at 2000 rpm for 15 minutes; the obtained serum 
was pipetted in sterile conditions into Eppendorf test tubes and 
stored at –85˚C until conducting further in vitro studies. The 
PC12 cell line was grown and passaged in standard conditions 
according to the applied procedure that was described in our 
previous studies [20]. In order to conduct the planned studies, 
the cells in a stable amount (2–4 × 106 of living cells/ml RPMI 
medium) were incubated with biological material – blood serum 
mixed with fresh RPMI medium at a constant volume (v/v 20%). 

For the purposes of the constructed research model, con-
centrations of glucose and insulin were measured in each sam-
ple, using the GOD-POD method (Glucose GOD Insert, Labtest, 
Brasil) and the immunological and enzymatic methods (DRG 
Insulin ELISA Kits, DRG International, USA), respectively. Any 
patients were treated with insulin, so only level of exogenous 
insulin was determined. The average glucose and insulin con-
centrations measured in all biological material samples were 
equal to, respectively: 143 mg/dl and 35.8 μlU/ml. On the basis 
of the obtained results, 20 samples of biological material with 
different glucose and insulin concentrations were selected for 
further analysis; the samples were categorised into four groups 
(five samples each). There were two groups with leading distur-
bances of glucose concentration: below and above 200 mg/dl,  
respectively, reflecting the glucose concentration applied to 
diagnose diabetes in a so-called random blood sample, in ac-
cordance with the guidelines of the Polish Diabetes Associa-
tion [21], and two groups with leading disturbances of insulin 
concentrations: below and over 25 μlU/ml, respectively, which 
reflects the insulin concentration applied to hyperinsulinaemia 
diagnosis, in accordance with the Laboratory Reference Range 
and our prior research [19, 20]. These groups were marked, 
respectively, as: LGL (low glucose level < 200 mg/dl) and HGL 
(high glucose level  200 mg/dl), as well as LIL (low insulin 
level < 25 μlU/ml) and HIL (high insulin level  25 μlU/ml). 

All operations related to the PC12 cell line incubation with 
biological material were carried out in sterile conditions in 
a laminar chamber with a HEPA filter (Bioair Sefamate 12 CYTO) 
using sterile, single-use laboratory equipment. The incubation 
procedure included the following stages: 20 μl of PC12 cell 
suspension in RPMI 1640 medium were added to each well of 
a 96-well plate; the plates were then incubated for 24 hours at 
37˚C and in an atmosphere containing 5% CO2 in a Panasonic 
MCO-170AIC incubator in order to attach the cells to the well 
bottoms of the experimental plate. Then the culture medium 
was pipetted out of each well and replaced with a 200 μl mix-
ture of serum and fresh medium (v/v 20%); the cells were then 
incubated for 48 hours in the same conditions as before. The 
test was repeated three times for each sample of the biological 
material. After the end of the incubation time the MTT (methyl-
thiazolyldiphenyl-tetrazolium bromide) test was conducted for 
all tested samples according to a widely described procedure 

that was used in our previous studies [20] to assess the cyto-
toxic effect of biological material. The viability of the PC12 cells, 
resulting from the incubation with biological material, was as-
sessed by calculating the viability percentage of the cells (SP%) 
that provided information on the number of cells still showing 
biological activity. The results were referred to the control group 
of the PC12 cells, marked as K0, where the cells were incu-
bated in a culture medium only, without an addition of serum; 
the activity of the cells was assumed at the level of 100%. 

The statistical analysis of the obtained results was conduct-
ed using Statistica PL 13 software. The results were presented 
as mean values with standard deviation. The normality of dis-
tribution was checked by the Lilliefors and the Kolmogorov-
Smirnov tests. Student’s t-test was used to estimate the differ-
ence between the examined groups. The p-values below 0.05 
were considered as statistically significant. 

Results

The distribution of the viability percentage (SP%) of the 
PC12 cells line after 48 hours of incubation with serum of pa-
tients with different degree disturbances of glycaemia and in-
sulinaemia is presented in Figures 1 and 2, respectively. As 
we can observe, all the PC12 cells showed lower viability after 
being exposed to these serum samples in comparison to the 
control sample, regardless of the applied combination of these 
parameters (from 73.01% to 55.50%). 

Figure 1 presents an averaged viability percentage of the 
PC12 cell line that was incubated with serum categorised into 
two groups, according to glucose concentration (LGL and 
HGL), as a leading disturbance, and adequately low and high 
insulin concentration (LIL and HIL) along with reference to the 
control sample (K0). The lowest level of viability was observed 
in cells incubated with the LGL and HIL serum, and it was equal 

Figure 1. The SP% of the PC12 line cells after 48 hours of incu-
bation with serum of patients classified according to different 
glucose concentration, as leading disturbance, in reference to 
control sample (K0)
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to 59.29%. The highest SP% (70.20%) was observed in the cells 
incubated with serum with high glucose concentration and 
proper insulinaemia (HGL and LIL). The viability of the PC12 
cell line increased along with the increase of glucose concen-
tration in serum with the same, low level of insulin concentra-
tion (from 63.34% to 70.20%). A similar tendency was observed 
in the cells incubated with high insulin concentration (growth 
from 59.29% to 64.11%). On the other hand, the analysis of the 
changes of SP% in groups with low and high glucose concen-
tration, in relation to low and high insulin concentration (LIL and 
HIL), showed a downward trend (from 63.34% to 59.29% and 
from 70.20% to 64.11%, respectively). Statistically significant 
differences between the studied groups were not observed.

Figure 2 shows the averaged SP% levels of the PC12 cells 
line incubated with serum categorised into two groups depend-
ing on the insulin concentration levels (LIL and HIL), as a lead-
ing disturbance, and, respectively, low and high glucose con-
centration levels (LGL and HGL), along with reference to the 
control (K0). As described above, the lowest viability was ob-
served for the cells incubated with the serum with HIL and LGL 
(55.50%), and the highest was observed for the cells incubated 
with serum of low insulin levels and high glucose concentra-
tion (73.01%). The viability of the PC12 cell line dropped with 
the increase in insulin concentration in serum with the same 
low glucose concentration (from 65.97% to 55.50%). A similar 
trend was observed for the cells incubated with high glucose 
concentration (decrease from 73.01% to 67.91%). On the other 
hand, the analysis of the SP% in groups with low and high insu-
lin concentration, in relation to low and high glucose level (LGL 
and HGL), showed an upward trend (from 65.97% to 73.01% 
and from 55.50% to 67.91%, respectively). Despite the fact that 
the highest SP% change was found between the samples in 
groups with high insulin level and different glucose concentra-
tions (by 12.41%), no statistically significant differences were 
found between the analysed groups.

Discussion

Conducting in vitro research on model systems, namely 
cell lines, enables an initial, non-invasive assessment of the 
influence of different endo- and/or exogenous factors, and it 
provides significant information on the effects of their action, 
possible metabolic pathways, and mechanisms of action, 
which can be, to a certain extent, referenced to the in vitro 
conditions [15, 19, 24]. Regarding the indicated correlation of 
growing incidence of neurodegenerative diseases in people 
with diabetes, conducting research in different aspects of 
chronic disturbances in carbohydrate metabolism assessment 
is still actual, and experiments using cell lines are widely ap-
plied; however, they do not always reflect its concentration in 
in vivo conditions. Literature data [17, 18, 25] and the results 
of our initial research indicate a significant role of high glucose 
and/or insulin concentrations in cytotoxic damage to model 
cell lines and a decrease in their viability. However, there is 
little research that would assess the results of exposure to 
multicompound biological material, which is human serum, 
from patients with different degrees of disturbances in carbo-
hydrate metabolism (reflected by glycaemia and insulinaemia 
disturbances) in in vivo conditions. That became the subject 
of our research on the developed ex vivo assessment model 
for cytotoxic activity and influence on the viability of the PC12 
cell line. In order to relate the obtained results to the data from 
the references for our initial research, a pattern of the experi-
ments conducted without differentiation of the PC12 cells with 
the NFG factor was chosen; the same was applied by other 
scientists [17, 18].

The results of the research showed cytotoxic activity of 
multicompound biological material, which is reflected by the 
decrease in the PC12 cell viability as a result of its incubation 
with serum classified into different groups according to the 
blood glucose level (to LGL and HGL groups), as a leading 
disturbance, and the insulinaemia (the LIL and HIL groups), 
as a leading disturbance. The lowest viability was observed for 
the PC12 cell line incubated with the serum from patients of 
the HIL and LGL group (55.50%) and the highest – from the 
LIL and HGL group and (73.01%). We observed an increase 
trend in SP% along with the increase of blood glucose level. 
Observations concerning the decrease in PC12 cell line vi-
ability resulting from exposure to glucose solutions were also 
made by Sharifi et al. [17], who, in the applied in vitro research 
model, also used the PC12 cell line. However, the authors fo-
cused on the phenomenon of diabetic neuropathy and the 
role of apoptosis induced by Bax/BcL2 protein pathway. The 
conducted experiments did not reflect physiological concen-
trations of glucose present in the nervous tissue that are char-
acteristic to various states of glycaemia disturbances. It was 
shown that in the case of direct exposure of the PC12 cells to 
glucose in a concentration equal to 13.5 mg/ml (three times 
higher than the physiological level) the viability of cells in the 
MTT test decreased along with elongation of the incubation 
time (24, 48, 72, and 96 hours) in comparison to the control 
sample – from almost 85% to almost 60%. Moreover, it was 

Figure 2. The SP% of the PC12 line cells after 48 hours of incu-
bation with serum of patients classified according to different 
ranges of insulin concentrations, as leading disturbance, in 
reference to the control sample (K0)
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shown that apoptosis plays an important role, possibly via the 
mitochondrial pathway, through higher expression of Bax pro-
apoptotic protein. Also, the research of Chen et al. [18] on the 
influence of hyperglycaemia in different ranges of glucose con-
centration (50–150 mM), and in different times (24–72 hours), 
on the metabolic activity of the PC12 cell line confirmed the 
above-cited thesis stating that cell mortality increases along 
with the incubation time and glucose concentrations applied. 

The above-cited research results are different from the re-
sults obtained in our study in which we observed an increase 
in viability of the PC12 cells incubated with biological material 
with higher glucose concentrations ( 200 mg/dl) matching 
hyperglycaemia in the so-called random blood sample, appro-
priate for diagnosing diabetes. These differences may result 
from using different (significantly higher) glucose concentra-
tions and different conditions of the PC12 cell line exposure 
to cytotoxic factors – they were exposed to pure solutions of 
chemical substances. The cells incubated with patients’ serum 
were indirectly exposed to glucose and/or insulin concentra-
tions because, apart from these factors, other biochemical 
components are also present in biological material (including 
cholesterol and its fractions – HDL and LDL, gamma-globulins, 
antibodies, hormones, growth factors, interleukins, etc.). One 
can search for the presence and the influence of protective fac-
tors removing or reducing cytotoxic activity of glucose toward 
examined cells in multicompound composition of biological 
material; this could be an interesting facet for further research. 

The ex vivo constructed model used in this paper allowed 
us to observe the complexity and not obvious action of biologi-
cal material. The conducted research could be continued in the 
future by attempting to juxtapose the morbidity percentage of 
nerve-like cells, differentiated with the NFG factor toward neu-
ronal cells, induced by various levels of hyperglycaemia with 
different biochemical parameters, such as cholesterol concen-
tration and its fractions (HDL, LDL), globulins, adipokines, cy-
tokines, and other factors present in blood serum. The number 
of research projects focusing on finding reliable information on 
biological material influence (mainly blood serum) on different 
cell lines is growing. In the conducted research the synergistic 
influence of different biological material components on cells 
of different lines is analysed. It allows the researchers to com-
pare and partially refer the changes induced in in vivo and in vi-
tro conditions. In this case, our study fits the current research 
trends. In an experiment conducted by Nooteboom et al. [26] 
the influence of human plasma obtained from lipopolysaccha-
ride (LPS) derived from E. coli (endotoxin) stimulated whole 
blood on modulation of endothelial monolayer HUVEC (human 
umbilical vein endothelial cells) permeability was analysed in 
order to examine the mechanisms responsible for systemic 
oedema and septic shock. It was proven that these factors 
increase the permeability of the HUVEC cells, which may con-
tribute to finding an explanation of the mechanisms respon-
sible for inflammatory reactions and oedemas. Oleśkowska-
Florek et al. [27] also compared the results of the HUVEC cell 
line incubation with blood serum of patients before and dur-
ing dialysis. They observed an increase in proliferation of cells 

exposed to the action of blood serum, which confirmed that 
removing toxins during dialysis decreases the cytotoxicity of 
blood plasma toward endothelial cells. Aghajanova et al. [28] 
used in their research mesenchymal stem cells of endometrium 
(eMSC), mesenchymal stem cells from bone marrow (BMSCs),  
and fibroblasts from human endometrium (eSF), which were 
exposed to plasma enriched with platelets and growth factors. 
The authors observed an increase in proliferation in all types of 
endometrium cells. Additionally, after three or seven days, de-
pending on the culture growth rate, cell chemotaxis and wound 
healing processes were also improved. 

The above-mentioned research, which analysed the influ-
ence of biological material on cell lines, seems to be more ad-
equate in comparison to the research carried out during our 
work, because they were conducted in similar culture condi-
tions; the cells were incubated with compound human biologi-
cal material, namely blood plasma/serum, but the parameters 
of carbohydrate metabolism were not assessed. The results 
obtained by us are the first step to further development of re-
search on the PC12 cell line differentiated by the NFG factor, or 
human neural stem cell line from umbilical blood (HUCB-NSC);  
the results indicate the necessity to explain the mechanisms 
responsible for changes in viability levels of the PC12 cells 
[20, 29]. High glucose concentrations in the examined serum 
do not influence cells as negatively as does direct exposure of 
the PC12 line to high concentrations of chemically pure solu-
tions of glucose. 

We observed a different trend in changes of the PC12 cell 
line viability in relation to incubation of cells with serum from 
patients with different degree of insulinaemia; we found a de-
crease in SP% that occurred along with an increase in insu-
linaemia, where it was lower for the samples with the highest 
hormone concentration ( 25 μlU/ml), which corresponds with 
hyperinsulinaemia conditions that have been accepted by sci-
entific societies as characteristic for this state and that are used 
to diagnose it. The observations made coincide with those 
from our earlier studies that directly assessed the cytotoxic-
ity of chemically pure insulin solutions toward the PC12 line 
cells, with concentrations adjusted on the basis of hormone 
concentration present in the states of normal-, moderate-, 
and high-level insulinaemia in in vivo conditions. The existing 
trend of hyperinsulinaemia-induced changes, where we used 
biological material from patients with disturbed carbohydrate 
metabolism, may suggest that stronger cytotoxic activity of hy-
perinsulinaemia, which causes a decrease in the PC12 cell line 
viability, is not compensated by other components of biologi-
cal material as it may be in case of lower influence of hyper-
glycaemia states. The obtained results may indicate a weaker 
protective effect of insulin in ex vivo conditions on the PC12 
cells line, which does not coincide with the protective function 
of insulin in the CNS in in vivo conditions. This problem seems 
to be interesting and requires further research because in the 
scientific literature only a few data concerning this facet are 
present. Song et al. [12], in studies examining the neuroprotec-
tive influence of insulin on apoptosis of PC12 cell line induced 
by H

2O2, proved a positive result of incubating these with 
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directly added insulin in growing concentrations (25, 50, 100, 
and 200 mmol/L) and increased viability of cells despite the 
activity of a pro-apoptotic agent. Nampoothiri et al. [25] proved 
the protective effect of insulin in the conditions of toxic activity 
of glutamate, using cells from the human neuroblastoma line 
(SH-SY5Y). They incubated the SH-SY5Y cell line with human 
recombinant insulin in a configuration with glutamate and on 
its own. The authors not only did not observe negative activity 
of the hormone, but also found that during joint exposure of 
the cells to insulin and glutamate insulin showed its protective 
effect. In reference to our own research, the differences may 
result from the fact that insulin concentrations present in serum 
and other component factors of biological material may signifi-
cantly change the metabolic activity of the PC12 cell line and 
give somewhat different results than chemically pure solutions.

Recently, the promising role of in vitro model research in 
3D cultures that enable the scientists to examine more deeply 
the adhesion of cells, their distribution, growth, morphology, 
proliferation, differentiation, or gene and protein expression 
as a result of action of the tested agents has been indicat-
ed. The 3D cultures are widely applied in different scientific 
fields such as pharmacology, neurobiology, oncology, or in re-
search related to cell differentiation [30]. It is shown that they 
will also be an excellent research model for the assessment 
of disorders in the CNS, which, in compilation with activity of 
multicompound biological material, namely serum from indi-
viduals with different degrees of disturbance in carbohydrate 
metabolism, will constitute an interesting research model for 
learning about their interactions and for the assessment of 

their protective and pathogenic activity in the development of 
neurodegenerative diseases.

Conclusions

The incubation of the PC12 cell line with serum from patients 
with different degrees of glycaemia and insulinaemia disorders 
significantly influences the viability of model line cells, but in an 
ambiguous way, and it is related to glucose and insulin concen-
tration in samples. SP% varies between 55.29% and 73.01% in 
comparison with a control sample, not exposed to the action 
of biological material. Serum from patients with hyperinsulinae-
mia showed higher cytotoxicity toward the PC12 line cells than 
serum with confirmed hyperglycaemia, which suggests activity 
of different agents that could compensate the negative impact 
of high glucose concentrations in biological material; however, 
further research aimed at explaining the mechanisms respon-
sible for these effects is necessary.
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