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Remifentanil induces apoptosis and G1-phase cell cycle 
arrest in human MCF-7 breast cancer cells

Breast cancer represents one of the most prevalent female 
malignant tumors globally [1]. According to a recently 

published statistic in 2023, thirteen percent of malignancies in 
women are caused by breast cancer, and the greatest number 
of deaths from breast cancer among women has been reported 
[1]. However, the global mortality of breast cancer is falling as 
a better indicator of progress due to early diagnosis through 
the established system of mammography screening, increased 
awareness, and improvements in comprehensive treatment 
options such as adjuvant chemotherapies [1]. The available op-
tions include surgery, radiation, chemotherapy, immunother-

apy, or hormonal therapies, depending on the stage and sub-
type of breast cancer [2]. Despite significant advancements in 
diagnostic and therapeutic approaches against breast cancer, 
the treatment still remains a challenging endeavor due to the 
high relapse and lethality rate of the disease, significant side ef-
fects, and the lower effectiveness of therapeutic strategies [3].
Patients with breast cancer are most commonly diagnosed as 
hormone receptor-positive [4]. The MCF-7 (Michigan Cancer 
Foundation-7) cell line is characterized as the Luminal A sub-
type of breast cancer, which is an estrogen and progesterone 
receptor-positive tumor [5]. A primary care approach for the 
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majority of solid organ malignancies is surgery [6]. Nonethe-
less, it is typical for cancer to return following surgery intended 
to be curative; this frequently results in refractory illness and pa-
tient mortality [6]. The biological milieu created by surgery and 
perioperative care encourages the survival and proliferation of 
cancer cells that are still present in the primary tumor after the 
procedure, which may raise the risk of metastasis [6]. Analgesic 
and anesthetic therapies may influence these processes and, in 
turn, either positively or negatively increase the likelihood of 
cancer recurrence, according to mounting data [6].
Fentanyl and its derivative remifentanil are potent opioid 
analgesics [7]. Remifentanil, as a selective μ-opioid receptor 
agonist, is used extensively in surgeries for the induction of 
general anesthesia and the preservation of clinical analgesia 
[8]. Remifentanil is a valuable agent in anesthetic practice due 
to its several advantages in surgeries. It has significant ad-
vantages, such as its analgesic effect, which is about 100–200 
times higher than that of morphine [9]. It metabolizes quickly 
by non-specific esterases in the blood and tissues and acts 
swiftly, leading to an abrupt cessation of effects once the in-
fusion stops [8]. This allows precise control over anesthesia 
depth and quick recovery after surgery [8]. Remifentanil aids 
in preserving a steady heart rate and blood pressure dur-
ing surgery, reducing the risk of hemodynamic fluctuations, 
which is particularly beneficial for high-risk patients and com-
plex procedures [10]. Its pharmacokinetic profile enables easy 
and precise titration to the desired effect, allowing anesthe-
siologists to adjust the dose in real time [10]. Due to its rapid 
metabolism and high plasma clearance rate, remifentanil 
does not accumulate in the body, even with prolonged use, 
making it ideal for long surgeries or extended analgesia [10]. 
Remifentanil can be used in various surgical settings, includ-
ing general anesthesia, procedural sedation, as an adjunct in 
regional anesthesia, and even in the intensive care unit for op-
timal analgesia and sedation [11, 12]. Due to its advantages, 
remifentanil is often favored over other short-acting opioids 
and has become the primary choice of therapy in many inten-
sive care units [11, 12]. These advantages make remifentanil 
a preferred choice for anesthesiologists, particularly where 
precise control over anesthesia and rapid recovery are critical.
Reactive oxygen species (ROS) are generated during aerobic 
metabolism within the biological system [13]. Inflammation 
triggers higher amounts of ROS, which might result in oxidative 
stress [14]. In addition, oxidative stress is capable of producing 
an increased inflammatory response [14]. ROS at low levels act 
as signaling molecules in the regulation of cellular or physio-
logical activities and homeostasis [13]. The overproduction of 
ROS due to a disturbed redox balance would result in oxida-
tive stress under pathophysiological conditions, which causes 
a direct oxidizing effect and thereby damage to fundamental 
cellular elements, including lipids, proteins, and DNA [14].
It has been reported that remifentanil alleviates inflamma-
tion and oxidative stress in many experimental models [15, 
16]. Remifentanil ameliorated myocardial ischemia and acute 
lung injury in rats via the inhibition of several proinflamma-

tory cytokines [15, 17]. Oxidative stress and inflammation 
are crucial mechanisms in the pathogenesis of cancer [14]. 
In addition, previous in vitro studies have demonstrated con-
troversial results that opioids could inhibit or promote the 
proliferation of various cancer cells [18, 19]. Morphine pro-
moted apoptosis and caused G0/G1 and G2/M phase arrest 
in hepatocellular and gastric cancer cell lines, respectively 
[20, 21]. Moreover, a study by Li et al. [22] demonstrated the 
anticancer effects of fentanyl on MGC-803 gastric cancer 
cells via cell cycle arrest in the G0/G1 phase.
Specifically, this study examines how remifentanil influences 
cytotoxicity, apoptosis, cell cycle, inflammation, oxidative 
stress, and angiogenesis of MCF-7 cells, considering the 
broader context of using antioxidant and anti-inflammatory 
agents as an anticancer strategy. However, future research 
could be employed on animal models and various kinds of 
cancer cell lines to elucidate the in vivo and in vitro anticancer 
effects of remifentanil in detail. Then the preclinical data can 
be adopted for clinical studies.

Materials and Methods
Cell culture
MCF-7 cells (ATCC, Manassas, VA, USA) were grown in Dul-
becco’s modified Eagle’s medium (Invitrogen, Carlsbad, CA, 
USA) with 10% fetal bovine serum and 1% penicillin/strep-
tomycin at 37°C with 5% CO₂. Adherent cells were sub-cul-
tured every two days. At a confluency of 80%, the cells were 
passaged with 0.05% trypsin (Gibco, CA, USA) for further 
experiments. Stock solutions of remifentanil were dissolved 
in dimethyl sulfoxide (DMSO) or saline (0.9% NaCl) and sub-
sequently in culture medium. Throughout treatment, the 
DMSO levels did not rise above 0.1%.

Cell viability
The MCF-7 cell viability was evaluated by MTT 
(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bro-
mide) assay (Beyotime Biotech, Haimen, China). In summary, 
150 μL of cell mixture (1×10⁴ cells) was added to each well. 
The cells were incubated overnight and then treated for 24 
and 48 h with remifentanil (0.15625, 0.3125, 0.625, 1.25, 2.5, 
5, 10 μg/mL). After the removal of media, MTT solution (Sigma 
Aldrich, Missouri, USA) was applied to each well for 4 h at 37°C. 
Following the addition of 150 μL of DMSO, the absorbance of 
each well was determined at 550 nm using a plate reader.

Apoptosis assay by flow cytometry
The apoptosis rate was assessed using an Annexin V/7-
aminoactinomycin (7-AAD) detection kit (BD Biosciences, NJ, 
USA). The cells were exposed to 0.44 μg/mL of remifentanil 
for 24 and 48 h in 6-well culture plates. Cells were then col-
lected, rinsed with cold PBS, suspended in binding buffer, and 
stained with PE-Annexin V for 15 minutes. After the addition 
of 7-AAD (5 μg/mL) and binding buffer, tubes were incubated 
for 30 min in the dark. Then, a flow cytometer (BD Accuri C6, 
USA) was used for the quantification of apoptotic cells.



Kaya Sezginer, Effects of remifentanil in MCF-7 cells / 10.14744/ijmb.2024.43660 57

4’,6-Diamidino-2-phenylindole (DAPI) staining
After exposure to remifentanil for 24 and 48 h in 6-well plates, 
MCF-7 cells (2×10⁴ cells/well) were collected, rinsed with PBS, 
and then preserved in 4% formaldehyde for 10 minutes. After 
centrifugation, cells were treated with 20 μL DAPI (Invitrogen, 
USA) in the dark for 20 min at room temperature. Afterwards, 
the supernatant was removed, the cell pellet was mixed with 
sterile PBS, and the cell suspension was placed on coverslips. 
The nuclei of the stained cells were visualized under confocal 
microscopy (Zeiss LSM 510, USA).

Cell cycle assay by flow cytometry
After 24 and 48 h of treatment with remifentanil (0.44 μg/
mL), the cells were collected by 0.05% trypsin for harvesting, 
washed twice with assay buffer, and fixed in 70% ethanol at 
4°C overnight. Following the elimination of ethanol, cells were 
resuspended in PBS. After staining cells with propidium io-
dide (PI) containing RNase (20 μg/mL) for 30 min at 37°C in 
the dark, a flow cytometer (BD Accuri C6, USA) with CellQuest 
software was used to determine cell cycle distribution by 
measurements of side and forward scatter.

Flow cytometric analysis of intracellular ROS generation
Dichloro-dihydrofluorescein diacetate (DCF-DA) probe, a ROS-
sensitive fluorescent dye, was used to determine ROS gener-
ation according to the manufacturer’s instructions. After cells 
were treated for 24 and 48 h with remifentanil, cells suspended 
in PBS were incubated with DCF-DA (10 μM) for 30 min in an 
incubator. Finally, the DCF fluorescence of cells was detected 
via a BD Accuri C6 flow cytometer.

Lactate dehydrogenase (LDH) and interleukin-6 (IL-6) 
measurement
After treatment with remifentanil (0.44 μg/mL) in MCF-7 cells 
for 24 and 48 h in 6-well plates, cell supernatant was collected 
to measure LDH and IL-6 levels using the Roche Cobas 6000 
and e411 analyzer and related kits.

Chorioallantoic membrane (CAM) assay for angiogenesis
Fertilized chicken eggs were cultivated at 37°C and 85–90% rel-
ative humidity for the purpose of the ex ovo CAM assay. Atak-S 
chickens raised at the Ministry of Agriculture and Forestry's 
Poultry Research Institute in Ankara, Turkey, provided the fer-
tilized chicken eggs. The cleaned eggs were incubated for 72 
hours, with a 2-hour rotation, in an incubator (CIMUKA 40080 
serial number-incubator). Following incubation, the embryo 
side of the eggs was labeled and examined under a light 
source. The eggs were cracked using forceps from the opposite 
side so that the selected region remained on top. After being 
placed inside the weighing container, the eggs were returned 
to the incubator and covered with glass lids sterilized with eth-
ylene oxide. The eggs were incubated for an additional three 
days to increase the visibility of the CAM. Remifentanil (0.44 
μg/mL) was applied ex ovo to the chorioallantoic membrane 
following incubation. Following the application, the groups 
were observed at 0, 24, and 48 h using a stereomicroscope 

(S6D; Leica Microsystems, Heerbrugg, Switzerland). Quantita-
tive analysis of the captured images was conducted using the 
ImageJ program (National Institutes of Health).

Statistical analysis
GraphPad Prism 8 software was used to compare data using a 
one-way analysis of variance (ANOVA) test. Each experiment 
was conducted in two biological replicates and three techni-
cal replicates. P<0.05 was regarded as statistically significant 
after comparing the variations between means (mean±SD).

Results
Remifentanil inhibited the viability of MCF-7 breast can-
cer cells
To evaluate the antiproliferative effects of remifentanil, MCF-7 
cells were incubated with remifentanil between 0.15625–10 μg/
mL for 24 and 48 h. After exposure to remifentanil, a dose- and 
time-dependent decline in cell viability was observed. The results 
showed that remifentanil induced cytotoxicity within the range of 
dosages tested for 24 and 48 h (Fig. 1). As expected, remifentanil 
administered for 48 h at the dose of 10 μg/mL offered the highest 
cytotoxic effect. The IC₅₀ values of remifentanil were calculated as 
0.86 μg/mL for 24 h and 0.44 μg/mL for 48 h treatment. For the 
selection of remifentanil dosages for 24 and 48 h of treatment in 
the further experiments, we have taken 0.44 μg/mL, which was 
the IC₅₀ concentration of remifentanil for 48 h in MCF-7 cells.

Remifentanil induced apoptosis in MCF-7 cells
To assess the apoptotic progression of the remifentanil-exposed 
cells, flow cytometry was used. The percentages of early and 
late apoptotic cells were significantly increased after 0.44 μg/mL 
remifentanil treatment for 24 h in MCF-7 cells (p<0.05). For 48 h 
treatment, the results demonstrated that remifentanil (0.44 μg/
mL) promoted early and late apoptosis; however, only the pro-
portion of late apoptosis was significantly higher in comparison 
to the untreated cells (p<0.05; Fig. 2a). The percentage of total 
apoptosis induced by 24 h of remifentanil treatment in MCF-7 
cells (18.9%) was considerably higher than that of 48 h of treat-
ment (14%). However, a lower percentage of MCF-7 cells under-
going necrosis after exposure to 0.44 μg/mL remifentanil for 24 
h (13.3%) was observed compared to 48 h of treatment (17.3%).

Remifentanil led to nuclear fragmentation in MCF-7 cells
Nuclear condensation and apoptotic body formation are con-
sidered the core features of apoptosis in cancer cells [23]. DAPI 
staining was performed to observe whether remifentanil causes 
nuclear morphological alterations. In the untreated MCF-7 
cells, there were rounded and homogeneous nuclei, while 
cells treated with 0.44 μg/mL remifentanil for 24 and 48 h ex-
hibited apoptotic morphology with nuclear fragmentation and 
condensation. MCF-7 cells incubated with 48 h of remifentanil 
showed darker and more intense blue coloration compared to 
24 h incubation (Fig. 2b). The results suggest that remifentanil 
led to cell death, and these data also correlated with the cyto-
toxicity results and apoptosis data obtained by flow cytometry.
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Remifentanil arrested the MCF-7 cell cycle in the G1 phase
To better clarify the mechanism of remifentanil-induced cyto-
toxicity, the distribution of cell cycle phases was determined 
in MCF-7 cells after incubation with 0.44 μg/mL remifentanil 
for 24 and 48 h. As presented in Figure 3, the cell population 
after 24 and 48 h of remifentanil treatment was highly ac-
cumulated in the G1 phase (28.5% and 37.6%, respectively) 

compared to the untreated cells (19.5%), which was accom-
panied by a concomitant decrease in the G2 population. Fol-
lowing 24 and 48 h of treatment with remifentanil, the per-
centage of MCF-7 cells in the G2 phase was 70.2% and 60.6%, 
respectively, while 75.9% of the control cells were found to 
be in the G2 phase (Fig. 3a, b). Moreover, there were no alter-
ations in the S phase among groups. The data suggest that 

Figure 1. Determination of cell viability by MTT assay after 24 and 48 h remifentanil treatment 
(0, 0.15625, 0.3125, 0.625, 1.25, 2.5, 5 and 10 μg/mL).  
The three separate experiments are shown as the mean±SD. ***: p<0.0005; #: p<0.0001 vs control group. MTT: 
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide; SD: Standard deviation.

Figure 2. The effect of remifentanil (0.44 μg/mL) on the apoptosis of MCF-7 breast cancer cells after 24 and 48 h treatment. (a) Apoptotic cell 
death induced by 24 and 48 h remifentanil treatment via Annexin V/7-AAD double staining. The percentage of viable, early, late and necrotic 
cells was shown in upper right panel. (b) Fluorescence microscopy images at 20x magnification after DAPI staining of MCF-7 cells incubated 
with remifentanil (0.44 μg/mL) for 24 and 48 h. Apoptotic cells are depicted by the arrows. Quantitative analysis of apoptosis detected by DAPI 
staining is depicted in right panel. 
The data are shown as the mean±SD. *: p<0.05; **: p<0.01; ***: p<0.001 vs control group. MCF-7: Michigan Cancer Foundation-7; V/7-AAD: V/7-aminoactinomycin; DAPI: 
Diamidino-2-phenylindole. 

a

b
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remifentanil induces apoptosis by causing cell cycle arrest in 
the G1 phase in MCF-7 cells.

Remifentanil promoted ROS overproduction in MCF-7 cells
In the present study, we evaluated whether remifentanil in-
fluences the generation of ROS in MCF-7 cells. Remifentanil 
exposure caused a rise in ROS production to 42.5% after 24 
h and 47.2% after 48 h of 0.44 μg/mL remifentanil treatment 
compared to the control group (13.7%) (p<0.01, Fig. 4a, b).

Remifentanil increased lactate dehydrogenase (LDH) re-
lease and repressed interleukin (IL)-6 levels in MCF-7 cell 
culture media
Remarkable upregulation of LDH release in the supernatant of 
MCF-7 cells was observed after 48 h of treatment with 0.44 μg/
mL remifentanil (p<0.01, Fig. 5a). The IL-6 levels for remifen-
tanil-treated MCF-7 cells at a dose of 0.44 μg/mL diminished in 
a time-dependent manner (p<0.05 and p<0.01 for 24 and 48 
h, respectively; Fig. 5b).

Remifentanil restrained angiogenesis in MCF-7 cells
The CAM model was used to evaluate the effect of remifen-
tanil on angiogenesis in vivo [24]. The effect of 24 and 48 h 
of remifentanil (0.44 μg/mL) on the inhibition of angiogene-
sis was demonstrated by a decreased percentage of vascular 
proliferation (p<0.01; Fig. 6a, b). The ability of remifentanil to 
repress angiogenesis might contribute to its antitumor effect 
in the MCF-7 cell line.

Discussion
Remifentanil, a fentanyl derivative, is an ultra-short-acting, 
highly effective opioid analgesic agent with its predictable 
pharmacokinetic profile [8]. It is especially valuable in anes-
thesia due to its rapid action and metabolism, making it more 
potent than morphine [9]. In clinical practice, the dosing of 
remifentanil varies depending on the context of its use [25]. 
For the induction of anesthesia, a loading remifentanil dose 
of 1.0 microgram per kilogram (mcg/kg) is administered over 
30 to 60 seconds, followed by maintenance of anesthesia typ-
ically ranging from 0.1 to 1.0 mcg/kg/minute based on the pa-
tient's response and surgical conditions [25]. In the intensive 
care unit, for sedation, remifentanil is used at a much lower 
continuous infusion rate, usually between 0.01 and 0.05 mcg/
kg/minute [25]. Its pharmacokinetic profile prevents accumu-
lation, even with prolonged use, making it ideal for long surg-
eries [8]. The drawbacks of using remifentanil in intensive care, 
such as the potential for hyperalgesia and withdrawal symp-
toms upon discontinuation, can be effectively controlled [26]. 
These concerns should not prevent its utilization, as they can 
be addressed by providing analgesics or opiates after remifen-
tanil infusion and before dose tapering [26]. High doses of 
remifentanil may pose a risk that necessitates careful monitor-
ing and management to address potential complications [9].

Research in the literature has increasingly supported the 
anticancer effects of fentanyl and its derivatives [22, 27, 
28]. However, studies focusing on the apoptotic effects of 

a

b

Figure 3. (a) The effect of 24 and 48 h of remifentanil (0.44 μg/mL) 
treatment on the cell cycle distribution in MCF-7 cells. (b) Analysis of 
the percentage of cells in different phases was shown in right panel. 

The results are expressed as mean±SD, with *: p<0.05 vs control group. MCF-7: 
Michigan Cancer Foundation-7; SD: Standard deviation.
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remifentanil in different cancer cells are limited in number 
[29–31]. The beneficial effects of remifentanil in normal cell 
lines at nanomolar levels have been previously reported [32, 
33]. These data may demonstrate the high safety and selec-
tivity profile of remifentanil due to its decreased cytotoxic-
ity to normal cells and antitumor effects on various cancer 
cell lines [29–31], even though the applied concentrations 
of remifentanil vary. Another opioid agent, morphine, also 
showed higher cytotoxicity against the human MCF-7 breast 
cancer cell line than normal human cells [34] and signifi-

cantly increased the proliferation of MDA-MB-231 breast 
cancer cells at low concentrations but demonstrated cyto-
toxic effects at higher concentrations [35].
In addition, a growing body of evidence has indicated good 
anti-inflammatory and antioxidant activities of remifentanil 
in various animal disease models [15–17]. Based on the con-
firmed relationship between inflammation, oxidative stress, 
and the carcinogenesis process, we have therefore proposed 
that remifentanil can exert anticancer properties via anti-in-
flammatory and antioxidant mechanisms of action.

a

b

Figure 4. (a) The effect of 24 and 48 h of remifentanil (0.44 μg/mL) 
treatment on MCF-7 cell ROS production by flow cytometric analysis. 
(b) Mean fluorescence intensity was illustrated in the lower left panel. 

The results are expressed as mean±SD, with **: p<0.01 vs control group. MCF-7: 
Michigan Cancer Foundation-7; ROS: Reactive oxygen species; SD: Standard deviation.

Figure 5. Levels of (a) LDH and (b) IL-6 in MCF-7 cell culture media after 24 and 48 h exposure of 
remifentanil (0.44 μg/mL). 
The results are expressed as mean±SD, with *: p<0.05; **: p<0.01 vs control group. LDH: Lactate dehydrogenase; 
IL-6: Interleukin-6.

a b
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In this study, remifentanil significantly diminished cell prolif-
eration in a time-dependent manner and also, as expected, 
promoted apoptosis. In addition, apoptotic nuclear morphol-
ogy, as evidenced by fragmented nuclei, was observed after 
remifentanil treatment according to DAPI staining. Support-
ing this, a previous study indicated that remifentanil inhibited 
cell viability and triggered apoptotic cell death in C6 glioma 
cells [29]. Another fentanyl derivative, sufentanil, has been 
shown to lead to apoptosis and a decrease in the growth of 
MDA-MB-231 breast cancer cells [28]. Moreover, the arrest of 
cell cycle progression is thought to be an efficient approach 
for the elimination of cancer cells via apoptosis [36].
Our findings indicate that remifentanil treatment leads to an 
arrest of MCF-7 cells in the G1 phase, accompanied by a di-
minished cell population in the G2 phase. This suggests that 
remifentanil may promote apoptosis by halting cell cycle 
progression at the G1 phase. Cancer cells usually develop a 
defective G1/S checkpoint, whereas the G2/M checkpoint is 
often intact and crucial for the survival of cancer cells [37]. 
Thus, remifentanil, as a potential anticancer agent, could lead 
to G1 arrest rather than arrest in the S or G2/M phases. In addi-
tion, it is known that ROS-induced DNA damage activates the 
DNA damage response (DDR) [38]. Based on this, the oxidative 
stress induced by elevated ROS generation after remifentanil 
treatment could activate DDR and subsequently lead to cell 
cycle arrest. Thus, the remifentanil-induced mechanisms in-
volved in DDR require further investigation.
Moreover, as supporting evidence, Yang et al. [39] demon-
strated that the upregulation of ROS levels plays a key role in 
apoptosis through inhibiting cell proliferation, activating pro-
apoptotic protein expression, and triggering cell cycle arrest 
in breast cancer cells. It can be suggested that the inhibition of 
cell proliferation and cell cycle arrest induced by remifentanil 
treatment might be mediated by ROS.

ROS accumulation has been found to promote cancer cell death 
via irreversible oxidative damage to cellular structures, which 
is the mechanism of many chemotherapeutic drugs [40]. We 
observed that exposure to remifentanil for 24 and 48 h caused 
elevated levels of ROS in MCF-7 cells. In a study by Yao et al. 
[41], fentanyl was shown to induce ROS generation in A549 
lung cancer cells. The apoptosis-inducing effects of remifen-
tanil might be attributed to increased production of ROS.
The main enzyme, lactate dehydrogenase (LDH), catalyzes the 
aerobic glycolysis of pyruvate in cancer cells to produce ATP 
[42]. It has been shown that increased LDH release into the 
culture supernatants of cancer cells is related to irreversible 
cell death due to cell membrane damage and disruption of 
membrane integrity [42]. The higher amount of LDH in the 
culture supernatant is a supportive marker for the cytotoxic 
potential of remifentanil in MCF-7 cells, as supported by simi-
lar in vitro results with other cytotoxic agents [43].
IL-6, as one of the inflammatory cytokines, exhibits abnormal 
expression in many cancer cells, with a critical role in tumor 
progression [44]. In the current study, remifentanil reduced 
the production of IL-6 in MCF-7 cells. Similarly, remifentanil 
restricts the release of IL-6 in LPS-induced BV2 microglia cells 
and an acute lung injury rat model [17, 45]. ROS levels are also 
critical to inducing IL-6 gene expression [46], and IL-6 can also 
promote the production of ROS [47]. Depending on the tissue 
microenvironment and concentration, IL-6 may exhibit either 
pro- or anti-inflammatory actions [48]. Interestingly, in the 
present study, the downregulation of IL-6 levels coincided with 
increased ROS levels in MCF-7 cells exposed to remifentanil, 
which could be related to the induction of ROS-mediated sig-
naling pathways associated with IL-6 or the alterations in tran-
scriptional activation of the IL-6 gene through ROS production.
Furthermore, tumor progression is profoundly affected by 
angiogenesis, and the inhibition of angiogenesis might block 

a b

Figure 6. (a) Chicken ex-ovo CAM 
Analysis in MCF-7 cells after 24 and 48 h 
of remifentanil (0.44 μg/mL) treatment. 
The percentage of relative vascular 
density is shown in right panel. 
The results are expressed as mean±SD, with **: 
p<0.01 vs control group. CAM: Chorioallantoic 
membrane; MCF-7: Michigan Cancer 
Foundation-7; SD: Standard deviation.
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the growth of cancer cells [49]. The inhibition of angiogene-
sis, along with decreased vascular proliferation, was observed 
after remifentanil treatment according to the CAM assay. The 
inhibitory effect of remifentanil on IL-6 cytokine production 
and angiogenesis in MCF-7 cancer cells is possibly related to 
its ability to induce apoptotic cell death.

Evidence suggests that anesthetic and pain management 
techniques can significantly impact underlying biological 
processes, potentially altering the risk of cancer recurrence 
for better or worse [50]. In a recent study, the combination 
of remifentanil and dexmedetomidine showed improve-
ment in analgesia following surgery while lowering im-
munosuppression by regulating T lymphocyte subsets [51]. 
Despite concerns about remifentanil-induced hyperalgesia 
[26], it remains a preferred choice due to its various bene-
fits [52]. While our data point to potential benefits for can-
cer patients, further research is essential. Comprehensive in 
vitro and in vivo experiments, along with clinical trials, are 
needed to fully understand and confirm the anticancer ef-
fects of remifentanil. These studies should involve combi-
nations with other agents and various cancer cell lines to 
fully explore the potential of remifentanil in cancer therapy. 
Since most current evidence on the effects of anesthetic and 
analgesic agents on cancer cells comes from experimental 
models, there is a need for more retrospective and prospec-
tive studies to establish a relationship between anesthesia 
and improved cancer outcomes.

The current study contains a number of limitations. Firstly, 
only the MCF-7 cell line was used in this in vitro study. Animal 
models and various kinds of cancer cell lines could be used 
to determine and validate the in vivo and comprehensive in 
vitro anticancer impacts of remifentanil in further studies. In 
our study, we used 0.44 µg/mL remifentanil for experiments 
conducted for 24 and 48 h. The beneficial effect of remifen-
tanil on healthy cell lines at the nanomolar level [32,33] and 
its antitumor effects on different cancer cell lines at the mi-
cromolar level have been reported in studies [29,31]. Due 
to the application of higher remifentanil concentrations in 
cancer cell lines compared to normal cells, remifentanil treat-
ment at the micromolar level could lead to potential side 
effects. More experimental data are needed to investigate 
the effects of remifentanil at two different concentrations 
(2×IC₅₀, IC₅₀) to explore dose-dependent toxicity in non-
cancerous cells in future studies.

It should also be considered that cancer patients frequently 
need to take other analgesics and antitumor medications si-
multaneously [41]. Further studies should also be conducted 
to determine the molecular mechanisms by which remifen-
tanil impacts cancer cell sensitivity to common chemother-
apy. Moreover, by presenting more reliable data regarding 
the toxicity, stability, and negative effects of remifentanil, 
future research applying various animal models and clinical 
trials will generate stronger results to clarify the potential of 
remifentanil for clinical application.

Conclusion
This study, for the first time, delineated that remifentanil 
showed significant cytotoxic and apoptotic effects in MCF-
7 cells, which could be associated with G1 cell cycle arrest, 
elevated ROS production, and inhibition of IL-6 release and 
angiogenesis in vitro. Any off-target effects or interactions 
with standard cancer therapies require thorough investi-
gation. This preliminary study warrants more experimental 
in vitro and in vivo evidence from future research to clearly 
support the great potential of remifentanil as an anticancer 
agent against breast cancer.
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