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Abstract
Aim: Dexmedetomidine; it is widely used in anesthesia and intensive care. We aimed to examine and compare the cytotoxic, 
reactive oxygen species (ROS) and apoptotic effects of dexmedetomidine on kidney cells (Hek-293) in vitro at two different high and 
cumulative doses.
Material and Methods: The half-maximum inhibitory concentration (IC50) dose of dexmedetomidine on Hek-293 cells was 
determined using the 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide (MTT) method. Then at two different doses of 
the drug; apoptotic effects were determined by Annexin-V Method, morphological examinations were determined by Acridine Orange 
Ethidium Bromide Method and intracellular ROS levels were determined by flow cytometry.
Results: The IC50 value of dexmedetomidine for Hek-293 cells was determined as 64.6559 μg/mL. Compared with the control group, 
doses of 50 and 100 µg/mL of dexmedetomidine tended to show cytotoxicity (p<0.05). dexmedetomidine was found to have a lower 
cytotoxic effect at a dose of 50 μg / mL than at a dose of 100 μg / mL (p<0.05).
Conclusion: In the study, it was determined that dexmedetomidine increased intracellular ROS more than clinical doses at two 
different concentrations on Hek-293 cells, cytotoxic doses caused an increase in ROS in cells and induced apoptosis. We think that 
the toxic effects of dexmedetomidine can be prevented with the data obtained from this study and further studies.
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INTRODUCTION
Dexmedetomidine; it is frequently used in anesthesia 
practice and especially in intensive care. It is an effective 
and highly specific agonist of α-2 adrenoceptors. It has 
been described as a unique sedative with analgesic, 
sympatholytic and pulmonary functions protective 
properties (1,2). Dexmedetomidine may exert hypnotic 
effects depending on the application. If high enough 
dose is administered, it can produce deep sedation and 
even general anesthesia like ptopofol etc. This indicates 
that dexmedetomidine has the potential to be a general 
anesthetic such as propofol or thiopental (2). 

It has been approved by the US Food and Drug 
Administration (FED) for use in intensive care units for 
sedation for less than 24 hours in patients with or without 

the need for mechanical ventilation (2). Dexmedetomidine 
is widely used in the intensive care unit and operating room 
(3) for the above indications. However, with the emergence 
of many positive physiological effects, clinical application 
methods have increased greatly in recent years (4). 
Dexmedetomidine is a selective α2-adrenoceptor agonist 
with properties such as hemodynamic stabilization, 
anti-inflammation, diuresis and inhibition of central 
sympathetic outflow. And it has been shown in many 
studies to have an organ-protective effect on the heart, 
brain, kidneys, and lungs (5–7). Dexmedetomidine has 
both somatic and visceral pain-reducing effects when 
applied as an adjuvant in central and peripheral blocks 
(8). A meta-analysis (reviewing 16 randomized controlled 
trials) showed that administration of dexmedetomidine 
significantly reduced postoperative pain and need for 
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analgesic medication but increased the risk of bradycardia 
(8). 

The effects of dexmedetomidine on renal function are 
complex. It may exert a diuretic effect by inhibiting the 
antidiuretic effect of vasopressin (AVP) in the collecting 
duct (9). There are studies expressing that this effect 
may be independent of AVP, by increasing osmolality and 
protecting the renal cortical membrane (2,9). It reduces 
the blood flow of the kidney by decreasing the release of 
norepinephrine from the renal cortex (10). There is also 
evidence from animal studies that it reduces ischemia-
reperfusion injury (10). In a recent study, it was reported 
that perioperative infusion reduced the frequency and 
severity of acute kidney injury in the postoperative period 
in patients undergoing heart valve surgery (11). 

Despite their widespread use, the specific mechanism 
of action of anesthetic drugs remains unclear (12), and 
in some cases, these drugs lead to undesirable side 
effects and cause various complications. Since there is 
no alternative to these drugs, they continue to be used 
frequently despite possible complications (13). Today, 
studies are carried out to elucidate the mechanism of 
action of such complications.

The mechanism by which the kidney metabolizes and 
excretes various drugs and toxins significantly influences 
drug nephrotoxicity. High renal blood flow, equivalent 
to approximately 25% of cardiac output, and high drug 
and toxin delivery expose the kidney to significant drug 
concentrations (14). In addition to hepatic metabolism, 
some drugs are biotransformed by the renal enzyme 
systems, including CYP450 and flavin-containing 
monooxygenases (15,16). This may result in the potential 
generation of nephrotoxic metabolites and reactive oxygen 
species (17). These byproducts of biotransformation can 
tip the balance in favor of oxidative stress, which outpaces 
natural antioxidants and increases kidney damage. DNA 
strand breaks, nucleic acid alkylation or oxidation, lipid 
peroxidation, and protein damage may develop (14). 
The development of drug-induced nephrotoxicity is best 
understood by examining the factors contributing to 
nephrotoxicity (14). 

The kidneys are the main junction in the excretion of drugs. 
And it is also involved in the metabolism of drugs to some 
extent (18). Clinical, in vivo and in vitro studies are carried 
out on the kidneys. Human kidney epithelial (Hek-293) 
cells are a good choice for an in vitro model as they allow 
researchers to study the physiological functions of kidney 
cells (19). Therefore, we used Hek-293 cells to examine 
the clinical and high-dose effects of Dexmedetomidine.

Although there is no toxic effect at clinical doses, it has 
been determined that in long-term use, if clinical doses 
are exceeded or repeated doses of these drugs are used 
for sedation, a cumulative effect may occur and have a 
cytotoxic effect on many cells. Apoptosis is involved in the 
emergence and development of various renal pathological 
injuries. When an organism receives a strong stimulus, 

it encourages excessive reactive oxygen species (ROS) 
production (20). Excessive ROS may activate oxidative 
stress by disrupting the balance between oxidative and 
antioxidant systems (20).  

There are studies claiming that dexmedetomidine 
can prevent isoflurane-induced apoptosis in the brain 
and some other organs, or vice versa (12,21–24). The 
cardiac side effects of dexmedetomidine may limit its 
use, especially in some patients (25). In the SPICE III 
study in which dexmedetomidine was compared with 
alternative sedatives, it was associated with an increased 
risk of mortality in the group of patients aged 65 years 
and younger (25). It has also been stated that toxicity 
may develop in cases where single doses of drugs or 
continuous infusions such as anesthetic drugs are used 
(14,23,24,26–29). Dexmedetomidine is thought to have 
unknown effects at present.

Lavon et al. (30) found that moderate and high doses of 
dexmedetomidine increased tumor cell involvement and 
growth of secondary tumors in animal models. There are 
studies showing that dexmedetomidine may increase 
neuronal apoptosis at high and cumulative doses (24,28). 
The specific mechanism of action of dexmedetomidine 
is not fully known. However, it has been reported that it 
exerts its effect through α-2 adrenergic receptors (30). 
These negative findings from laboratory experiments 
do not necessarily corroborate similar results in human 
studies. Therefore, further laboratory and clinical studies 
are required to understand the mechanism of action of 
dexmedetomidine and to improve its clinical use. As a 
result of all these, kidney damage may develop due to 
drugs.

Dexmedetomidine is a useful and attractive drug that 
has great potential in many clinical situations. However, 
some extended applications of dexmedetomidine require 
further evaluation. In order to ensure the safe use of 
dexmedetomidine, it is necessary to choose the patient 
carefully and to determine the appropriate dose (31). 
There are studies showing that dexmedetomidine may 
have protective or toxic effects on cells. However, the 
mechanisms of action still remain unclear.

The most distinctive feature of this study is the in-vitro 
comparison of the effects of dexmedetomidine, whose 
clinical effects have been investigated many times, in HEK-
293 cell lines for the first time, at two different high doses. 
Our aim is to compare the possible mechanisms of action 
of this drug by examining the effects of dexmedetomidine 
on cytotoxicity, apoptosis, and intracellular free oxygen 
radical (ROS) levels on Hek-293 cells in-vitro at two 
different high doses.

MATERIAL AND METHOD
Cells and Culture Conditions

In the study, we obtained and stocked from the American 
Type Culture Collection (ATCC); Hek-293 cells (Human 
kidney epithelial cell) (19,32) were used Cell lines were 
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grown in Dulbecco's Modified Eagle Medium:F12(DMEM) 
medium containing 1% P/S, 10% FBS and 1% glutamine. All 
cells were incubated at 37°C in an atmosphere of 5% CO. 
Cells were removed with a mixture of 0.25% trypsin, 0.03% 
Ethylenediamine tetraacetic acid (EDTA) and passaged at 
a ratio of 1:2 or 1:3 as recommended by ATCC. Unused 
cells were stored in a cell freezing solution prepared with 
95% medium and 5% dimethylsulfoxide (DMSO) in a deep 
freezer at -80°C for a short or long term in liquid nitrogen.

Administration of Drugs to Cells

Cytotoxicity Analysis with MTT

The medium was refreshed 24 hours after Hek-293 cells 
were seeded in 96 sterile plates as 104 cells per well. Seven 
doses (0-2,5-5-10-25-50-100- µg/ml) were determined 
for the drug concentration to be applied to the cells. 
Dexmedetomidine was administered in 7 doses with 3 
repetitions. No drug was administered to the control group. 
The cell lines were incubated in the incubator for 24 hours 
after the drug was applied. After drug administration, the 
cell medium was removed from the medium. The cytotoxic 
effect of dexmedetomidine was evaluated using the MTT 
[3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide method. Measurements were read at absorbance 
at 570-690 nm using a plate reader (Thermo Multiskan 
Go, USA). Graphics have been created. The IC50 dose was 
then calculated. Other tests were examined at doses of 50 
and 100 μg/ml, which are one lower and one upper dose of 
the IC50 value found in cytotoxicity tests.

Cell Morphology and AO/EB Analysis

Cell morphology images were taken with an inverted 
microscope (Olympus CKX). According to cell nucleus 
morphology, apoptosis fluorescence in cells was examined 
by Acridin orange / ethidium bromide staining method. The 
medium was removed 24 hours after the administration of 
the drugs, 50 µL of AO/EB dye (Sigma Aldrich) was added 
and images were taken with a fluorescent microscope 
(Olympus CKX 51, DP73).

Determination of Apoptosis by Annexin V/PI Method

This analysis was performed using the commercially 
available FITC Annexin-V Apoptosis Detection Kit I (Cat 
No./ID:556.547, BD, New Jersey, USA) method. According 
to the kit protocol, shortly after administration of drugs, 
cells were harvested and stained immediately according 
to the kit protocol. The stained cells were analyzed by flow 
cytometry (FACS VIA, BD). Annexin V is displayed in green 
and PI in red. Viable cells [(FITC-)/(PI-)] were differentiated 
as early and moderately apoptotic [(FITC+) /(PI-)], late 
apoptotic and necrotic cells [(FITC+) /(PI+)].

Intracellular ROS Determination

Intracellular free radical exchange was carried out 
according to the protocol of the commercially available 
kit (MHC100111, Millipore-Merck). The Muse® Oxidative 
Stress Kit provides quantitative (cell count and 
percentage) measurements of Reactive Oxygen Species 
(ROS), ie superoxide radicals, in cells exposed to oxidative 

stress. After administration of drugs, cells were harvested 
using trypsin enzymes and washed with cold phosphate 
buffered saline (PBS). After adding 100 µl of ROS working 
solution, cells were incubated at 37oC for 30 minutes. 
After incubation the cells were analyzed by flow cytometry 
(FACS VIA, BD).

Statistical Analysis

The data in the study were analyzed using the SPSS 
Version 25.0 package program. Data were presented 
as mean±standard deviation (SD). After the data were 
checked for normality tests, pairwise comparisons were 
made with Student-t test. P-values less than 0.05 were 
considered statistically significant.

RESULTS
Cytotoxic effect of Dexmedetomidine on Hek-293

As a result of the analysis, it was determined that the 
cytotoxic effects of drug increased depending on the dose 
increase (Figure 1). The IC50 value of dexmedetomidine 
for Hek-293 cells was detected as 64.6559 μg/mL. 
Compared to the control group, dexmedetomidine tended 
to show cytotoxicity at doses of 50 μg/mL and 100 μg/mL 
(*p<0.001).

Figure 1. % Changes in viability of Hek-293 cells treated with different 
concentrations of dexmedetomidin for 24 hours. The data obtained are 
shown as mean ± standard deviation. (*p <0.001 vs control group for 
Dexmedetomidin. *#p<0.001 vs 50 and 100 µg/ml dose group.)

Effects of Dexmedetomidine on Hek-293 Cell Morphology 
and Apoptosis

The effects of 50 and 100 µg/ml doses of Dexmedetomidine 
on Hek-293 cell morphology were examined (Figure 2a). 
When the effects on cell morphology were compared with 
the control group, it was observed that the number of cells 
decreased and the number of apoptotic cells increased 
depending on the dose increase (Figure 2a).

The apoptotic effect of drugs on Hek-293 cells was 
examined using the AO/ET fluorescent staining method 
(Figure 2b). In the picture obtained, viable cells are seen 
in green, apoptotic cells in orange, and necrotic cells in 
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Figure 2. The image of the morphological and apoptotic effects of dexmedetomidine on Hek-293 cells

red. When the apoptotic effects of the drug are compared 
among themselves according to the doses; It was 
observed that 50 µg/ml > 100 µg/ml, while the apoptotic 
and cytotoxic effect was higher at 100 µg/ml dose.

Flow Cytometric Annexin-V Analysis of Hek-293 Cell 
Apoptotic Effect of Drugs

While 31.50% and 31.30% of dexmedetomidine-treated 

Hek-293 cells were viable at 50 and 100 µg/ml doses, 
57.73% and 65.16% of them were observed to have 
necrosis (Table 1, Figure 3). These results were found to 
be significant compared to the control group (p<0.000). 

When the two doses were compared, there was a 
statistically significant difference in viability, late 
apoptosis, and necrosis at a dose of 100 µg/ml (p<0.05).

Figure 3. Flow cytometric annexin-V analysis of the Hek-293 cell apoptotic effect of Dexmedetomidine
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Table 1. Flow cytometric annexin-V analysis of Hek-293 cell apoptotic 
effect of dexmedetomidine
Viability Control Doses (µg/ml) Dexmedetomidine p-value

Live 98.26±0.90
50 µg/ml 31.50±1.60 p=0.920

*
100 µg/ml 31.30±2.80 p=0.920

*

Early 
Apoptotic 0.23±0.15

50 µg/ml 0.33±0.05 p=0.643
#

100 µg/ml 0.30±0.10 p=0.643
#

Late 
Apoptotic 0.13±0.15

50 µg/ml 10.43±0.97 p=0.000
¥

100 µg/ml 3.20±0.36 p=0.000
¥ 

Necrotic 1.36±0.73
50 µg/ml 57.73±2.51 p=0.031

α
100 µg/ml 65.16±3.02 p=0.031

α
Values are given as mean±standard deviation. 
p=0.920 indicates comparison of dexmedetomidine for 50 and 100 
μg/ml dose groups. 
*,#,¥,α indicates p values <0.05 lower for comparison of 
Dexmedetomidine and Control groups for all doses

Flow Cytometric Investigation of the Effects of 
Dexmedetomidine on the Formation of Intracellular Free 
Radicals (ROS) in Hek-293 Cells

It was determined that the amount of intracellular free 
radicals increased depending on the dose (Table 2, Figure 

4). The drugs we use include intracellular free radical 
levels at doses of 50 and 100 μg/ml; It was determined 
as 57.36% and 78.30%. Significant change was observed 
compared to the control group (p=0.001).

Table 2. ROS effect of different doses of drugs on Hek-293 cells

 Doses Control Dexmedetomidin p-value

ROS (-)
50 µg/ml 98.30±1.25 42.90±1.83 p=0.000

*
100 µg/ml 98.30±1.25 21.26±2.63 p=0.000

*

ROS (+)
50 µg/ml 1.60±1.41 57.36±2.05 p=0.000

#
100 µg/ml 4.03±1.89 78.30±2.40 p=0.000

#
Values are given as mean±standard deviation. 
p=0.000 indicates comparison of dexmedetomidine for 50 and 100 
μg/ml dose groups. 
*,# indicate p-values less than <0.05 for comparison of groups, 
Dexmedetomidin and Control for all doses.

In conclusion; it was determined that with the increase 
in dose of dexmedetomidine, the viability decreased and 
accordingly the ROS formation increased. A statistically 
significant difference was found between the control 
group and the doses used in the comparisons (p<0.001).

Figure 4. Flow cytometric examination of the effects of dexmedetomidine on Hek-293 cell intracellular free radical (ROS) formation

DISCUSSION
When we compared the effects of Dexmedetomidine on 
Hek-293 cells at two different high doses; We found that 
it undergoes apoptosis due to increased intracellular ROS. 
Dexmedetomidine IC50 dose on Hek-293 cells; We found it 
to be 64.65 µgr/ml. We found that it showed more toxicity 
at two different high doses cumulative than clinical doses. 
However, it did not show any cytotoxic effect at clinical 
doses.

Dexmedetomidine-induced cell death has been reported 
(24,26–28). It does not have any toxic effects at clinical 
doses. Dexmedetomidine has been used intraperitoneally 
at a dose of 25-100  µg /kg in previous studies 

(12,24,28,29). In our study, we found the IC50 dose in Hek-
293 cells as 64.67 µg/ml and we used two different doses 
as 50 and 100 µg/ml according to this dose. We found that 
the doses we applied had a more severe cytotoxic effect 
compared to the control group (p<0.001).

The protective roles of dexmedetomidine during 
acute stress-induced kidney injury are unknown. 
Dexmedetomidine may be an effective drug to prevent 
kidney damage caused by acute stress. Dexmedetomidine 
also has antioxidative stress effects (33–36). Clinical and 
laboratory studies have reported that dexmedetomidine 
has a protective effect on many organs. It exerts this 
effect by reducing the oxidant response in organs and 
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inactivating apoptosis signaling pathways that protect 
cells from damage. Çanakçı E. et al. (2) reported that 
dexmedetomidine had a protective effect on the kidney 
in colistin-induced kidney damage, and therefore it was 
a very valuable sedation agent for clinicians in intensive 
care units. Dexmedetomidine; In long-term use, a 
cumulative and toxic effect may occur if clinical doses 
are exceeded or repeated doses of these drugs are used 
for sedation (14,24,27,28). Wang Z at al. (29) showed 
that dexmedetomidine at 10-30-50 μM doses inhibited 
LPS-induced ROS production and apoptosis in tubular 
epithelial cells of mice, but reversed the protective effects 
of dexmedetomidine in sepsis-associated AKI at 50 
μM. They showed that the corrective effects of sepsis-
associated acute kidney injury observed after treatment 
with dexmedetomidine are due to attenuation of oxidative 
stress (29). In our study, which we used above clinical 
doses, we found that 50 and 100 µg/ml dexmedetomidine 
caused cytosolic ROS formation and apoptosis, consistent 
with Wang Z et al's study (p<0.05, Table 1,2).

Hanci V et al. (37) found that 100 μmol/L dexmedetomidine 
increased nitric oxide synthase (NOS) and nitric expression 
and had a toxic effect with an increase in inflammatory 
cytokines. Lai et al. (38) reported that the protective effect 
of dexmedetomidine was related to its concentration. In in 
vitro experiments, they treated the increased inflammatory 
cytokine release by LPS with different concentrations of 
dexmedetomidine. In their study, they found that 0.01  
μmol/L dexmedetomidine had no effect, the addition of 1 
μmol/L dexmedetomidine  was effectively protective, 100  
μmol/L dexmedetomidine stimulated nitric oxide synthase 
and nitric expression and had a toxic effect. Consistent 
with these studies, in our study, we found that cytosolic 
ROS production, apoptosis and necrosis increased 
statistically significantly at high doses in Hek-293 cells 
compared to the control group (p<0.05, Table 1,2).

Recently, it is thought that dexmedetomidine exerts a 
protective effect on many vital organs, which is thought 
to be associated with anti-inflammation, anti-oxidative 
damage and inhibition of apoptosis (39). However, 
long-term infusions and cumulative doses are also 
thought to cause toxic effects. The antioxidant effect of 
dexmedetomidine is provided by different mechanisms in 
pathological conditions. However, most of the available 
dexmedetomidine studies are based on preclinical studies 
and the mechanism remains unclear. More research 
and clinical studies are needed. In addition, although 
dexmedetomidine is thought to have an organ protective 
effect, there are conflicting results in the literature about 
whether α2AR agonism is protective or toxic. However, 
while evaluating the positive effects of dexmedetomidine, 
the use of this substance at different times, effective doses 
and drug profile should be investigated (31). To confirm the 
potential of using dexmedetomidine to preserve organs in 
the future, it needs to be supported by realistic, important 
clinical observations and studies.

Although dexmedetomidine is widely used in anesthesia 

practice, its specific mechanism of action remains unclear 
(12,31). In vitro studies are frequently used to determine 
the effects of drugs on organisms. In these studies, 
researchers often select the type of cell in which drugs 
are metabolized or in which they show activity. The kidney 
is the major junction in the excretion and to some extent 
metabolism (18) of most drugs, especially anesthetic 
drugs Therefore, Hek-293 cells are a good choice for an 
in vitro model as they allow researchers to examine the 
physiological functions of kidney cells (19,32). In our 
study, we used Hek-293 cells to examine the clinical and 
high-dose effects of dexmedetomidine.

Considering the increase in anesthesia methods applied, 
it is of great importance that anesthesia be given safely. 
Patients who will be given anesthesia may be exposed 
to oxidant or antioxidant stress before, during and after 
surgery (40). Anesthesiologists are in a position to 
improve the postoperative outcome by taking measures 
against oxidative stress. Therefore, there is a need for a 
better understanding of the effect of anesthetic agents on 
oxidative stress and clinical outcomes and more studies 
on this subject to improve the treatment of patients.

Our study has some limitations. We tested the toxicity of 
dexmedetomidine using cultured cells. We primarily used 
established cell lines derived from primary cultured cells, 
not from various tissue origins. Although we performed 
our tests using 10% FBS, the free fraction of the drug could 
not be determined. It can be done in an in vivo study using 
experimental animals to confirm our findings. One of the 
limitations of our study; results from a cell model cannot 
simply be translated/transported into a clinical setting.

CONCLUSION
In conclusion, dexmedetomidine on Hek-293 cells in our 
study; It has been found to cause toxic effects by increasing 
intracellular ROS at two different concentrations higher 
than clinical doses. It was observed that this toxic effect 
was due to the increase in intracellular ROS that triggered 
apoptosis. With the examination of the data obtained as 
a result of this study and the new studies to be done; We 
believe that the benefits and complications associated 
with the use of this drug can be clarified and avoided.
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