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CYTOTOXIC EFFECTS OF NOVEL SYNTHETIC CANNABINOID, PARENT COMPOUND, THJ-018, ON SH-SY5Y NEUROBLASTOMA CELLS 

 
Novel synthetic cannabinoids pose serious health risks to the society. One of the most significant concerns is constant appearance of new 
synthetic cannabinoids on grey markets. These substances cause numerous toxic effects in human body, ranging from neurotoxic effects to 
cardiovascular toxicity and acute kidney injury as well as addiction and withdrawal syndromes.  
Thus, the aim of this study was to investigate cytotoxic effects of novel synthetic cannabinoids, THJ-018, on human neuronal cell line. The work 
reports the cytotoxicity of novel synthetic cannabinoid, THJ-018, on neuroblastoma, SH-SY5Y cell line, which has not yet been published in the 
scientific literature.   
To study cytotoxicity of novel synthetic cannabinoids, SH-SY5Y neuroblastoma cell line was chosen to model cytotoxic effects of THJ-018 on 
neuronal cells in concentration of 5x10^4 cells/ml in vitro. THJ-018, dissolved in DMSO, was tested in concentrations from 1.0 to 100.0 µМ during 
24 hours of exposure. To investigate cell viability, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used. To count 
the number and percentage of viable cells, trypan blue (TB) cell counting assay, and Neubauer chamber were employed.  
THJ-018 did not affect the viability of SH-SY5Y cells after 24h exposure in cell culture in vitro in the concentration range from 1.0 to 75.0 µМ. The 
results of MTT and TB assays showed that THJ-018 had no statistically significant cytotoxic effect on SH-SY5Y cells in terms of formazan 
production by mitochondria and percentage of viable cells in cell culture in vitro at these concentrations. However, at THJ-018 concentration of 
100.0 µМ, production of formazan decreased from 100% to 71.5%± 11.8% if compared to negative control. The results of TB assay after 24h 
exposure to THJ-018 were in a good accordance with the previous results of the MTT assay. THJ-018 showed no cytotoxic effects on cellular 
viability in terms of the percentage of viable cells at concentrations from 1.0 to 75.0 µМ. But, at the concentrations from 75.0 to 100.0 µМ, 
percentage of viable SH-SY5Y cells in cell culture in vitro dropped from 100% to 67.3±15.6% and to 49.5±16.6% correspondingly, if compared to 
negative control. 
The results of the study confirmed previously published reports that parent compounds of synthetic cannabinoids are less toxic than their 
secondary metabolites and smoke products in the concentration range from 1.0 to 100.0 µМ. However, at higher concentrations, cytotoxic effects 
become evident in terms of general cellular viability of mitochondria and percentage of viable cells. 
The results of the work contribute to further understanding of mechanisms of cytotoxicity of synthetic cannabinoids in vitro.  
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Introduction. 
13.3 % of young population (15-34 years of age) and 6.6 % of older population (15-64 years of age) used cannabis in 2017, whereas the 
usage of novel psychoactive substances (NPS), including synthetic cannabinoids (SCs), among this groups of population were only 3.0% 
[1].The importance of a more extensive research on toxicity of SCs is explained by a more toxic effect of their secondary metabolites than 
parent compounds, which is not observed in the case of the consumption of natural cannabinoids. Moreover, with two new SCs on the grey 
market every month, better understanding of neurotoxicity, protein and genetic toxicity of novel SCs, and study of their metabolism are 
needed for application in clinical studies and forensic investigations [2]. 
Pharmacological action of SCs includes psychotropic and immunotropic effects depending on the interaction with cannabinoid receptor 
(CBR) 1 or 2. SCs exert their psychotropic effects through CBR1 which is primarily located in central nervous system (CNS). Mechanisms of 
pharmacological action of SCs in CNS involve overstimulation of CB1 receptor, disruption of GABA/glutamate and endogenous cannabinoid 
system in the brain, re-uptake of CB1 receptor, activation of mitogen- activated protein kinase shown in forebrain and hippocampal neurons 
[3]. Immunotropic effects of SCs are caused by their binding to CBR2 which is mainly located in the immune system and the pharmacological 
action includes the relief of neuropathic pain and treatment of inflammatory diseases shown in human peripheral leukocytes, follicular and 
marginal B cells [4]. 
Toxicity of SCs was shown on body, organ and cellular levels. For instance, cardiovascular effects of toxicity of SCs include: tachycardia, 
hypertension, hyperglycaemia, and hypokalaemia. Other widely reported type of toxicological complication of the consumption of street drug 
products containing SCs is acute kidney injury (AKI). Clinical manifestations of such toxicity include electrolyte changes in urine and serum, 
evidence of hemorrhages in tissue from kidney biopsy demonstrated with different analytical methods including light microscopy, 
immunofluorescence, and electron microscopy [5]. 
Neurological effects are euphoria, drowsiness, paranoia, delusions, hallucinations, anxiety, panic attacks, agitation, nausea, vomiting, seizures 
and dizziness. Neurotoxicity can be manifested in cognitive defects and short-term memory loss and suicides [6]. SCs have much greater 
affinity to CBR1 than natural cannabinoids, as tetrahydrocannabinol (THC) in cannabis plant material, which makes them more potent 
psychoactive substances for central nervous system. Then, smoke products of novel SCs, such as smoke products of THJ--018, found in 
“Spice” street herbal drug product, were shown to exhibit cannabimimetic activity in mice. Finally, products of smoking of JWH-018 were 
also reported to retain psychoactive effects due to induction of CYP1A2 in the lungs and subsequent production of psychoactive metabolites 
in drug users [7, 8]. Moreover, psychotropic effects of SCs can be furthermore potentiated by their high lipophilicity and ability to cross 
blood-brain barrier and efficient distribution in the brain [9]. 
Unlike the mechanism of pharmacological action of SCs, the mechanism of body, organ, and cellular toxicity of SCs is not completely 
understood. Cellular and molecular toxicity of SCs includes damage to nuclear and mitochondrial DNA and cell membrane; alteration of 
genetic expression and protein synthesis, activation of caspase 3, apoptosis and necrosis [10]. For instance, the effects of a SC, JWH-018, in 
CBR1-expressing CHO cells in vitro, include inhibition of cyclic adenosine monophosphate production (AMP), whereas, in HEK293 cells 
expressing CBR1, JWH-018 activates mitogen-activated protein kinase and causes internalization of CBR1. Finally, in cultured hippocampal 
neurons, JWH-018 can inhibit excitatory postsynaptic neurotransmission in a dose-dependent manner [11]. 
Mechanism of toxicity of metabolites of SC, JWH-018, was described as independent of cannabinoid 1 and 2 receptors and targeting cell 
membrane integrity. According to the studied literature source, JWH-018 does not show a significant change on cell viability in HEK293T and 
SH-SY5Y cell lines. However, JWH-018 N - (3 -hydroxylated) metabolite caused the decrease in cell viability and necrosis in HEK293T and SH-
SY5Y cell lines [12]. The mechanism of cytotoxicity of JWH-018 and other SCs  was studied observing nuclear division index, formation of 
binucleated cells and nuclear abnormalities such as micronuclei, nucleoplasm bridges and buds, which could be indicative of toxic effect of 
SCs on the structure of the nucleus, chromatic packaging of DNA and nuclear division mechanisms, increase in the amount of DNA in the “tail” 
in single cell gel electrophoresis, which indicated single and double strand breaks in the DNA, shown in human buccal cells (TR-146), human 
lung-derived fibroblasts (A-459) and human peripheral leukocytes [13]. 
Thus, the aim of this study was to investigate cytotoxic effects of novel synthetic cannabinoid, THJ-018, on human neuronal cell line, SH-SY5Y, 
by observing cell division and viability using trypan blue assay and mitochondrial redox metabolism by MTT assay.  
Materials and Methods. 
Cell Culture.  
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Cell culture in vitro was performed using human neuroblastoma cell line, SH-SY5Y, which was a gift from Prof. Dr. Tiago Outeiro, PhD 
(Institute of Molecular Medicine, Lisbon, Portugal). The cells were cultured under standard conditions (37°C, humidified atmosphere, 5 % 
CO2) in T25 cell culture flasks using DMEM which was supplemented with 10.0 % (v/v) bovine fetal serum and 1.0 % Pen/Strep-Glutamine. 
The SH-SY5Y cell line, which had been stored in liquid nitrogen, was recovered and used for the experiments after re-culturing from 3rd to the 
11th passage. 
The cells were passaged each time, when the confluence of the cell culture in T25 cell culture flask reached 70-80%. During cell passage, first, 
DMEM media was removed from T25 flask. Then, the cells were washed with 3.0 ml of Dulbecco’s phosphate-buffered saline (DPBS). Next, 
DPBS was removed and the cells were detached with 1.0 ml of Triple Express, washed with 3.0 ml of DMEM, transferred into a 15-ml Falcon 
tube and centrifuged in the 15-ml Falcon tube at 1000 rotations per minute for 5 min. Finally, the solution was decanted and the cell pellet 
was resuspended in 3.0 ml of DMEM. This solution was used for passaging, cell counting and seeding of 96-well plates for the conduction of 
MTT and TB assays. 
TB Assay.  
Cell counting using TB was conducted according to Strober, W., 2001 with the following modifications [14]. 10.0 µL out of cell suspension of 
total volume of 3.0 ml were transferred into a well of a 96-well plate and thoroughly mixed with 40.0 µL of already prepared TB solution 
using a 20 and 200-µL pipettes achieving 1:5 dilution of cell suspension. After that, 10.0 µL of this mixed solution were dispensed to fill-in a 
Neubauer chamber covered with a cover slip. This procedure was repeated twice to fill-in both chambers. Cells were counted at 
x40magnification in three big squares (central, upper left and lower right) and total concentration of cells in the volume of the initial solution 
of 3.0 ml of DMEM, in which the cell pellet was resuspended, was determined according to the following formula: concentration of cells 
(cells/ml) = the average of the number of cells in three big quadrants* 5.0 (dilution factor) * 104. 
Counted cells were examined under the light microscope (x40) and determined either as viable cells in case they had clear cytoplasm, or 
damaged and dead cells in case they had blue cytoplasm. Finally, the percentage of viable cells was calculated according to the formula: % of 
viable cells = number of viable cells / total number of cells (viable and dead cells) / 100%. 
MTT Assay. 
MTT assay was performed according to the protocol given by Meerloo et al. (2011) with several modifications [15]. MTT assay measures 
cellular viability in terms of mitochondrial production of formazan crystals from MTT reagent. First, SH-SY5Y cells were seeded into a 96-
well plate at the concentration of 4.5 x 104 cells/ml in DMEM in the volume of 200.0 µL per each well and cultivated for 24h. Then DMEM was 
removed and the solutions containing the parent compound, THJ-018, were added at THJ-018 concentrations of 1.0, 5.0, 10.0, 25.0, 50.0, and 
100.0 µM. 
THJ-018 solutions were prepared as follows. THJ-018 was dissolved in DMSO and then diluted in DMEM so that its concentrations were 1.0, 
5.0, 10.0, 25.0, 50.0, and 100.0 µM and the concentration of DMSO was always 0.2 % in the final volume of 200.0 µL, which was added into 
each well of a 96-well plate. Each concentration was tested in 6 wells of the same column achieving 6 replicates, except for the columns 
designated for negative and positive controls. The cells were incubated with THJ-018 solutions at indicated concentration range for next 24 
h. Next, DMEM was removed and the cells were washed with fresh DMEM in the volume of 100.0 µL per each well. After that, MTT solution 
was added in the volume of 200.0 µL per each well. The MTT solution (MTT powder from the stock dissolved in DMEM at the concentration 
of 0.5 mg/ml) was prepared fresh shortly before each MTT test. Aluminum foil was used to protect MTT solution from light. 0.2 % DMSO was 
used as negative control, whereas 1.0 % TritonX-100 was used as positive control. 
The 96-well plate was unloaded by inverting it over and pressing it against paper towel in sterile conditions inside the biosafety 2 laminate 
hood. After that the cells were incubated with MTT solution for 2.5 h. Glycine buffer was not added at the end of the incubation. After the 2,5h 
incubation with MTT DMEM solution, the 96-well plate was unloaded as described above but in non-sterile conditions. Formazan crystals 
were resuspended in 100.0 % DMSO in the volume of 200.0 µL per each well. The solution was thoroughly mixed with 200.0 µL pipette, 
avoiding the production of bubbles which could interfere with absorbance reading and protected from light with aluminum foil. Finally, after 
formazan crystals were completely dissolved in 200.0 µL of DMSO in each well, the plate was read at 595 nm using a Bio Rad 680 Microplate 
Reader.The results of MTT assay were given as percentage of the production of formazan in SH-SY5Ycells in cell culture in vitro in a well of a 
96-well plate if compared to the negative control values, fixed as 100.0 %, from the same 96-well plate. Cellular production of formazan was 
directly related to the absorbance of the solution of formazan crystals dissolved in DMSO. 
Results:  
MTT Assay.  
4 individual MTT assays, using SH-SY5Y cells from passages 3, 5, 7 and 9, were conducted to measure cytotoxic effects of the parent 
compound, SC, THJ-018, in the concentration range of 1.0, 5.0, 10.0, 25.0, 75.0, and 100.0 µM, in these cells, measured in terms of the amount 
of mitochondrial production of formazan crystals from MTT reagent which is directly related to cellular viability.  
As it can be inferred from the figure 1, parent compound of SC, THJ-018, did not affect the viability (formazan production) of SH-SY5Y cells 
after 24h exposure in cell culture in vitro in the concentration range from 1.0 to 75.0 µM. Conducted t-tests also showed no statistically 
significant differences between negative control and other datasets, except for the dataset on formazan production at THJ-018 concentration 
of 100.0 µM, which was statistically significantly different from the negative control. 
 

 
Figure 1 - Results of MTT Assay shows as a graph 

 
Results of MTT Assay, which measures the production of formazan crystals from MTT by cells through oxidation-reduction metabolism in 
mitochondria, shows a graph of concentration of THJ-018 in µM versus percentage of formazan production in % of negative control, which 



 

equals 0.0 µM. For each data set, experiment was repeated 5 times (N=5), chi-square tests were used to compare data, P value of less than 
0.05 was considered to indicate statistical significance, and standard deviation was calculated from the mean value using Excels Program. All 
P values are two-tailed.  
At THJ-018 concentration of 100.0 µM, production of formazan decreased from 100.0 % to 71.5 % ±11.8 % if compared to negative control.  
 

 
Figure 2 - Results of MTT Assay shown as whiskers box plot 

 
Results of MTT Assay, which measures the production of formazan crystals from MTT by cells through oxidation-reduction metabolism in 
mitochondria, shown as a whiskers box plot of concentration of THJ-018 in µM versus percentage of formazan production in % of negative 
control, which equals 0.0 µM. For each data set, experiment was repeated 5 times (N=5), chi-square tests were used to compare data, P value 
of less than 0.05 was considered to indicate statistical significance, and standard deviation was calculated from the median value using Excels 
Program. All P values are two-tailed.  
Constructed whiskers box plot of the results of MTT assay given in the figure 2 showed increase in the spread of values for production of 
formazan mostly above the median from lower to higher concentrations of THJ-018, which could be attributed to researcher error during the 
performance of MTT assays as well as to the conditions of cell culture during the exposition to higher concentrations of THJ-018. 
TB Assay. 
4 individual TB cell counting assays, using SH-SY5Y cells from 3, 5, 7 and 9th passages, were performed to measure the number of cells per 
ml after 24h exposure to THJ-018 in the concentration range of 1.0, 5.0, 10.0, 25.0, 50.0 and 100.0 µМ in cell culture in vitro. 0.2 % DMSO was 
used as negative control and 1.0 % TritonX-100 was used as positive control. Percentage of the number of cells was determined as 
percentage of the number of cells if compared to the negative control and measured with TB cell counting assay. The results of TB assay 
shown in the figure 3 indicate statistically significant increase in the number of cells up to about 130.0 % at 10.0 µM and decrease to about 
50.0 % and 30.0 % at 75.0 and 100.0 µM of THJ-018 respectively.  
 

 
Figure 3 - Results of trypan blue assay shown as a graph 

 
Results of trypan blue assay, which measures the percentage of viable cells versus dead cells by inclusion of Trypan blue dye, shows a graph 
of concentration of THJ-018 in µM versus percentage of formazan production in % of negative control, which equals 0.0 µM. For each data set, 
experiment was repeated 5 times (N=5), chi-square tests were used to compare data, P value of less than 0.05 was considered to indicate 
statistical significance, and standard deviation was calculated from the mean value using Excels Program. All P values are two-tailed.  
Finally, the same results on the number of SH-SY5Y cells upon exposure to THJ-018, shown as a whiskers box plot.  
 
 
 



 

 
Figure 4 - Results of trypan blue assay shown as whiskers box plot 

 
Results of trypan blue assay, which measures the percentage of viable cells versus dead cells by inclusion of Trypan blue dye, shown as 
whiskers box plot of concentration of THJ-018 in µM versus percentage of formazan production in % of negative control, which equals 0.0 
µM. For each data set, experiment was repeated 5 times (N=5), chi-square tests were used to compare data, P value of less than 0.05 was 
considered to indicate statistical significance, and standard deviation was calculated from the mean value using Excels Program. All P values 
are two-tailed.  
The figure 4 revealed a wide scatter of individual data points above and below the median in datasets on the number of SH-SY5Y cells 
corresponding to THJ-018 concentrations of 10.0, 25.0 and 50.0 µМ, which could be explained by researcher error as well as differentiative 
conditions of cells in vitro under these concentrations of THJ-018 due to different passages and the phenomenon of hormesis. 
Discussion. 
The results of 4 conducted MTT assays after 24h exposure of SH-SY5Y cells in 96-well plate in cell culture in vitro to the parent compound, 
THJ-018, did not show cytotoxic effect of SC, parent compound, THJ-018, at concentrations from 1.0 to  
75.0 µМ in neuroblastoma cell line, SH-SY5Y. THJ-018 decreased viability of SH-SY5Y cells only at concentration of 100.0 µМ. As a result, 
viability of SH-SY5Y cells, measured as formazan production by MTT assay, fell from 100.0 % to 71.5±11.8 % if compared to negative control 
values. 
As it could be observed from the figures 3 and 4 on the results of TB assay after 48h exposure of SH-SY5Y cells to THJ-018 parent compound, 
the graph of the percentage of number of viable cells formed a plateau on 130.0 % at THJ-018 concentrations from 1.0 to 10.0 µМ. This effect 
of the parent compound, THJ-018, could be explained by the effect of hormesis of SC, THJ-018, at these concentrations of neuroblastoma cell 
line, SH-SY5Y, resulting in stimulatory or beneficial effects instead of toxic or inhibitory effects of SC, parent compound, THJ-018. For 
example, the effect of hormesis of pesticides and drugs on biological systems, including animals, plants and cell cultures in vitro, was given by 
Calabrese and Baldwin, 2002 [16].  
According to the theory of hormesis, upon exposure to SC, parent compound, THJ-018, at concentrations of 30.0 % of toxic level of 100.0 µМ, 
that is at THJ-018 concentrations from 10.0 to 50.0 µМ, SH-SY5Y cells in cell culture in vitro adapt to these concentrations of THJ-018 due to 
physiological overcompensation mechanisms leading to stimulatory effects of THJ-018 on cellular viability of SH-SY5Y cells and resulting in 
higher number of viable cells if compared to the negative control. Moreover, stimulatory and neuroprotective effects of SCs on neuronal cells, 
resulting in their higher proliferation rate in vivo and vitro, as well as better histological outcome of the brain tissue in terms of delay or 
reversal of death of neurons were shown by Calabrese, 2008 and Nagayama et al., 1999, in the context of research on rehabilitation 
pharmacotherapy after global or focal cerebral ischemia in in-vivo models [17, 18]. 
The nontoxic effects of the parent compound of SC, THJ-018, at concentrations from 10.0 to 50.0 µМ, could also be explained by the general 
mechanism of toxicity proposed in Couceiro et al., 2016, where cytotoxicity of SCs was described on the basis of SC, JWH-018, stipulating 
nontoxic effects of the parent compound versus toxicity of its secondary metabolites. Moreover, cytotoxic mechanism of action of secondary 
metabolites was shown as independent of CBR1, targeting, instead,the stability and integrity of cellular membrane. 
Thus, the results of TB assay after 24h exposure to parent compound, THJ-018, were in a good accordance with the previous results of the 
MTT assay. The parent compound, THJ-018, showed no cytotoxic effects on cellular viability in terms of the percentage of number of viable 
cells at concentrations from 1.0 to 75.0µМ. However, at the concentrations of parent compound, THJ-018, of 75.0 and 100.0 µМ, percentage of 
number of SH-SY5Y cells in cell culture in vitro dropped from 100.0% to 67.3±15.6% and 49.5±16.6% correspondingly, if compared to 
negative control. 
Conclusion.  
Thus, this present study, using MTT and TB assays, revealed that parent compound, THJ-018, did not show any statistically significant 
cytotoxic effects on cellular viability SH-SY5Ycell line in terms of formazan production and percentage of viable cells at concentrations up to 
100.0 µМ. 
The obtained results were in a good accordance with the previous publications on cytotoxicity of parent compounds of synthetic 
cannabinoids, which state that, because these parent compounds have not yet undergone metabolism, they are less reactive and cause less 
damage to cellular membranes and the nucleus. On the other hand, the results of the work also support the theory of hormesis,  which 
explains absence of toxic effect of pesticides and drugs on biological systems, including animals, plants and cell cultures in vitro by adaptation 
to chronic stress.  
However, the results of TB cell counting assay of viable cells under chronic cell culture stress, such as sub-toxic concentration of synthetic 
cannabinoid, THJ-018, in cell culture medium during 24h, should be met with caution as the actual number of nonviable cells could be 
underestimated.  For instance, the selectivity of cell toxicity assays, based on counting of the number of viable cells, was reported to be lower 
than the selectivity of molecular based assays, such as Annexin V antibody detection of apoptotic proteins, due to interfering factors of cell 
colony growth with significantly varying number of apoptotic and necrotic cells in each viable or toxicity assayed colony, which, in fact, was 
observed, in this present study, during TB cell counting of viable and nonviable cells after 24h exposure to parent compound, THJ-018. 
Recommendations for future work. 
This work is one of the first research attempts of the Laboratory of Molecular Pathology of Prof. Dr. Quintas at Egas Moniz Institute to assess 
neurotoxic effects of synthetic cannabinoid, parent compound, THJ-018, using SH-SY5Y cells as a model in vitro. The results of this study 
could be used in future neurotoxic assessment of parent compounds of synthetic cannabinoids in ever-evolving grey market of street drugs. 
Moreover, the findings, reported in this article, stress further research on viability and proliferation rate of neuronal cells under chronic 
cytotoxic stress of novel synthetic cannabinoids, such as parent compound, THJ-018, in terms of changes in genetic expression, cellular 



 

morphology, and mechanisms of apoptosis or necrosis, in order to further our understanding of neurotoxic effects of novel synthetic 
cannabinoids. 
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ЖАҢА СИНТЕТИКАЛЫҚ КАННАБИНОИДТЫҢ, БАСТАПҚЫ ҚОСЫЛЫСЫ, THJ-018, НЕЙРОБЛАСТОМАНЫҢ  
SH-SY5Y ЖАСУШАЛАРЫНА ЖҮЙКЕ УЫТТЫЛЫҚ ӘСЕРІ 

 
Түйін: Жаңа синтетикалық каннабиноидтер қоғам денсаулығы үшін елеулі қатер төндіреді. Ең маңызды мәселелердің бірі  - жаңа  
синтетикалық каннабиноидтердің  сұрқай нарығында тұрақты түрде пайда болуы. Бұл заттар адам ағзасында көптеген уытты 
әсерлерді тудырады, олар нейротоксикалық әсерлерден бастап жүрек пен қантамырлар ауруларына және бүйректің қатты 
зақымдануына, сондай-ақ нашақорлық және абстиненция синдромға дейін апарады. 
Осылайша, зерттеудің мақсаты - жаңа синтетикалық каннабиноидтердің (THJ-018) адамның нейрондық жасушалық желісіндегі 
цитотоксикалық әсерін зерттеу болды. Осы жұмыста бұрынғы ғылыми әдебиеттерде жарияланбаған SH-SY5Y нейробластомалық 
жасуша желісіндегі THJ-018 жаңа синтетикалық каннабиноидтің цитотоксикалық әсері  баяндалады. 
Жаңа синтетикалық каннабиноидтердің цитотоксикалық әсерін зерттеу үшін SH-SY5Y нейробластома жасушалық желісі 
таңдалған.  THJ-018-ның нейрондық жасушаларға цитотоксикалық әсерін модельдеу үшін олардың  концентрациясы 5 × 10^4 
жасашулар / мл in vitro іске асырылды. DMSO-арқылы ерітілген THJ-018 1,0-ден 100,0 мкМ -ға дейін концентрацияда 24 сағаттық 
әсер ету кезінде сыналды. Жасушаның өміршеңдігін зерттеу үшін 3- (4,5-диметилтиазол-2 -ил) -2,5-дифенилтетразолий бромид 
(MTT) талдау пайдаланылды. Тірі жасушалардың саны мен пайызын есептеу үшін жасушалардың санау талдауын Нойбауэр 
камерасын пайдаланып трипан көк (TC) әдісі арқылы орындалды. 
THJ-018 заты  1,0 - 75,0 мкМ. концентрация диапазонында 24 сағаттық әсер ету арасында SH-SY5Y in vitro жасушаларына бұл 
жасушаларының өміршеңдігіне әсер етпеді. MTT және TC сынақтар нәтижелері SH-SY5Y жасушаларында формазанның 
митохондриялармен қалыптасуына және in vitro жасушалар дақылдың тірі жасушалар пайызына статистикалық маңызды 
жоғарыда аталған концентрацияларында THJ-018-заттың цитотоксикалық әсер  етуін  көрсетпеді. Алайда THJ-018 100,0 мкМ 
концентрациясында формазан қалыптасуы теріс бақылаумен салыстырғанда 100% -дан 71,5% ± 11,8% -ға дейін төмендеді. THJ-
018 тәулік бойы әсерінен кейін ТС талдауының нәтижелері MTT талдауының алдыңғы нәтижелерімен жақсы келісілген. 1,0-ден 
75,0 мкМ -ге дейінгі концентрацияларда тірі жасушалардың пайызы бойынша жасушалық өміршеңдігіне THJ-018 заттың 
цитотоксикалық әсерлері анықталмады. Бірақ 75,0 және 100,0 мкМ концентрацияларында жасушалық дақылда өміршең SH-SY5Y 
жасушаларының пайызы in vitro 100% - дан 67,3 ± 15,6% - ға және тиісінше 49,5 ± 16,6% - ға дейін төмендеді теріс бақылаумен 
салыстырғанда. 
Зерттеу нәтижелері синтетикалық каннабиноидтердің бастапқы қосылыстары олардың қайталама метаболиттері мен түтін 
өнімдеріне қарағанда 1,0-ден 100,0 мкМ-ға дейін концентрация арасында токсикалық әсері азырақ болып табылатынын бұрын 
жарияланған есептерді растады. Алайда жоғары концентрацияларда митохондрияның жалпы жасушалық өміршеңдігі мен өмір 
сүретін жасушалардың пайызы тұрғысынан цитотоксикалық әсерлер анық болады. 
Жұмыстың нәтижелері in vitro синтетикалық каннабиноидтердің цитотоксикалық әсерлер механизмдерін одан әрі түсінуге ықпал 
етеді. 
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ЦИТОТОКСИЧЕСКИЕ ЭФФЕКТЫ НОВОГО СИНТЕТИЧЕСКОГО КАННАБИНОИДА, ИСХОДНОГО СОЕДИНЕНИЯ,  

THJ-018, НА КЛЕТКИ НЕЙРОБЛАСТОМЫ SH-SY5Y 
 
Резюме: Новые синтетические каннабиноиды представляют серьезную угрозу для здоровья общества. Одной из наиболее 
значительных проблем является постоянное появление новых синтетических каннабиноидов на серых рынках. Эти вещества 
вызывают многочисленные токсические эффекты в организме человека, начиная от нейротоксических эффектов до сердечно-
сосудистой токсичности и острого повреждения почек, а также синдромов зависимости и абстиненции. 
Таким образом, целью этого исследования было изучение цитотоксических эффектов новых синтетических каннабиноидов, THJ-
018, на линию нейрональных клеток человека. В работе сообщается о цитотоксичности нового синтетического каннабиноида, THJ-
018, на нейробластомную линию клеток SH-SY5Y, которая еще не была ранее опубликована в научной литературе. 
Для изучения цитотоксичности новых синтетических каннабиноидов была выбрана клеточная линия нейробластомы SH-SY5Y для 
моделирования цитотоксических эффектов THJ-018 на нейрональные клетки в концентрации 5 × 10^4 клеток / мл in vitro. THJ-018, 
растворенный в ДМСО, испытывали в концентрациях от 1,0 до 100,0 мкМ в течение 24 часов воздействия. Для исследования 
жизнеспособности клеток использовали анализ 3- (4,5-диметилтиазол-2-ил) -2,5-дифенилтетразолия бромида (МТТ). Чтобы 
подсчитать количество и процент жизнеспособных клеток, анализ подсчета клеток проводили методом трипанового синего (ТС) с 
помощью камеры Нойбауэра. 
THJ-018 не влиял на жизнеспособность клеток SH-SY5Y после 24-часовой экспозиции в культуре клеток in vitro в диапазоне 
концентраций от 1,0 до 75,0 мкМ. Результаты испытаний МТТ и ТС показали, что THJ-018 не оказывает статистически значимого 
цитотоксического действия на клетки SH-SY5Y в отношении образования формазана митохондриями и процентной доли 
жизнеспособных клеток в культуре клеток in vitro при этих концентрациях. Однако при концентрации THJ-018 в 100,0 мкМ 
производство формазана уменьшилось с 100% до 71,5% ± 11,8% по сравнению с отрицательным контролем. Результаты анализа 
ТС после 24-часового воздействия THJ-018 находились в хорошем соответствии с предыдущими результатами МТТ-анализа. 
Цитотоксические эффекты THJ-018 на жизнеспособность клеток с точки зрения процента жизнеспособных клеток в 
концентрациях от 1,0 до 75,0 мкМ не были обнаружены. Но при концентрациях 75,0 и 100,0 мкМ процент жизнеспособных клеток 
SH-SY5Y в культуре клеток in vitro снижался с 100% до 67,3 ± 15,6% и до 49,5 ± 16,6% соответственно, если сравнивать к 
отрицательному контролю. 
Результаты исследования подтвердили ранее опубликованные сообщения о том, что исходные соединения синтетических 
каннабиноидов менее токсичны, чем их вторичные метаболиты и дымовые продукты в диапазоне концентраций от 1,0 до 100,0 
мкМ. Однако при более высоких концентрациях цитотоксические эффекты становятся очевидными с точки зрения общей 
клеточной жизнеспособности митохондрий и процента жизнеспособных клеток. 
Результаты работы способствуют дальнейшему пониманию механизмов цитотоксичности синтетических каннабиноидов in vitro. 
Ключевые слова: THJ-018, синтетические каннабиноиды, нейротоксичность, цитотоксичность, судебная токсикология, клетки SH-
SY5Y 


