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Abstract Propofol is known as an intravenous anesthetic drug utilized for stimulation and prolon-

gation of general anesthesia. However, the side effects of propofol are still elusive in the blood sys-

tem. Therefore, in this study the interaction of propofol with immunoglobulin G (IgG) and

peripheral blood mononuclear cells (PBMCs) as a model of blood system was explored by different

spectroscopic, theoretical, cellular and molecular assays. The UV–Vis, intrinsic/ANS/synchronous

fluorescence spectroscopic studies indicated the static quenching of IgG and corresponding protein

unfolding in the presence of propofol. Far- and near-circular dichroism (CD) study further demon-

strated that the structure of IgG was unfolded after interaction with propofol. Molecular docking

study indicated that formation of IgG-propofol complex occurs through involvement of hydrogen

bonding and van der Waals forces. Moreover, the cellular assay determined that propofol led to an

increase in the cell mortality, membrane leakage, upregulation of intracellular ROS, elevation of

Caspase-3 and -9 protein levels, and overexpression of Bax/Bcl-2 mRNA ratio, in PBMCs. This

paper may pave the way for exploring the nature of the reaction and side effects between propofol

and the biological system.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Propofol is the most widely used intravenous (IV) drug from
the alkylphenol family, which is formulated as a fat emulsion
(Baker and Naguib, 2005). It is used to induce anesthesia

and is characterized by a short recovery period (Emik et al.,
2016) and some side effects (Li et al., 2016). Indeed, some
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well-known adverse effects following anesthesia etomidate,
thiopental, methohexital, and propofol have been reported in
several studies (Hoyer et al., 2014; Canbek et al., 2015; Mir

et al., 2017). However, due to the fact that propofol is the most
widely used IV drug for induction of anesthesia today, this
issue is of special importance. In addition, this drug, which is

known as an anticonvulsant drug, can lead to seizures
(Rutazaana and Kasturi, 2018) and unconsciousness (Flores
et al., 2017) under certain conditions. They can be persistent

in some cases and lead to arterial oxygen desaturation and
hypoxemia (Beitz et al., 2012). The pathophysiological mecha-
nism of toxicity induced by propofol is not yet fully under-
stood, but it appears that the timing of the change in level of

consciousness from awakening to anesthesia or, conversely,
is related to this issue (Eagleman et al., 2019).

On the other hand, IV anesthetics may lead to transient

adverse effects against the blood systems of animals and
humans (Yu et al., 2018; Sun et al., 2019). Therefore, exploring
the responses of the blood system with respect to the adverse

effects against serum proteins and blood cells under experi-
mental conditions induced by propofol can provide useful
information regarding their biomedical application.

Immunoglobulin G (IgG) as a plasma protein has received
much interest in biomedical applications such as diagnostics
(Gao et al., 2020) and therapeutic (Irani et al., 2019) platforms.
Human IgG as the most therapeutically crucial Ig is an impor-

tant member of the human immune system (Kearns et al.,
2017; Scott-Taylor et al., 2018). Also, as one of the plasma
proteins, this type of antibody is the most abundant antibody

in the body and accounts for about 15% of total serum pro-
teins (Scott-Taylor et al., 2018). This antibody is present only
in the blood and is able to enter the fetus through the placenta

and protect it against foreign agents (Pierzynowska et al.,
2020). Similar to some other plasma proteins such as albumin,
hemoglobin and fibrinogen, IgG serves as a potential drug car-

rier based on its capability to interact with several drugs
(Scott-Taylor et al., 2018). Indeed, the pharmacodynamic
and pharmacokinetic of drugs are correlated with their binding
with IgG, because this affinity may cause an alteration in free

drug level and change the drug’s potency and relevant cytotox-
icity (Wang et al., 2016; Shahlaei et al., 2020). On the other
hand, the interaction of drugs with IgG may induce some

unwanted effects on the protein structure and corresponding
function (Khoramian et al., 2019).

Also, the apoptotic cytotoxicity induced by general anes-

thetics drives from mitochondrial impairment due to the
oxidative stress (Bergamini et al., 2016). Therefore, some stud-
ies should be developed to identify the main pathways target of
propofol cytotoxicity and to explore the probable protective

potency of some supplementations. It has been shown that
propofol results in reduction of cellular oxygen consumption
rate through mitochondrial malfunction (Bergamini et al.,

2016).
The mechanisms of induction of apoptosis by propofol are

not well understood at present and despite many efforts to

identify the pathways leading to cell death by propofol, it is
not possible to predict their induced cytotoxicity. Therefore,
any effort to understand the mechanism of cell death can

greatly help to better understand the pathogenesis of the
propofol and to provide appropriate protective protocols.
Peripheral blood mononuclear cells (PBMCs) are vital cells
in response to toxic drugs (Martı́nez-Rodrı́guez et al., 2019;
Oda et al., 2020). PBMCs apoptosis may be the main cause
of decreased immune system function in patients administered
by propofol (Li et al., 2018).

Therefore, in this paper, the interaction of propofol with
IgG and PBMCs were investigated by biophysical and cellular
studies to explore the adverse effects of propofol on biological

systems.

2. Materials and methods

2.1. Sample preparation

IgG, propofol, and 8-anilinonaphthalene-1-sulfonic acid
(ANS) were obtained from Sigma-Aldrich (USA) and both dis-
solved in a 10 mM phosphate buffer (pH 7.4). All chemicals

were of analytical grade and used without further purification.

2.2. Measurement of absorption spectrum

The absorption spectra oh IgG in the absence and presence of

varying concentrations of propofol (1, 2, 5, 10, and 20 mM)
were recorded employing a Cary UV–visible (Vis) spectrome-
ter at a scan rate of 500 nm/min in the k range of 230–
370 nm at room temperature. UV–vis absorption assay was

done by stepwise titration of propofol solutions to a cell con-
taining 5 lM IgG. The samples were blanked against the
absorbance of buffer and propofol solutions.

2.3. Measurement of steady state, ANS, and synchronous
fluorescence spectrum

Emission spectrum of IgG was recorded using Hitachi F-7000

Spectro fluorimeter with excitation at 280 nm. The excitation
and emission bandwidth were set at 5 nm and 10 nm, respec-
tively. Propofol with different concentrations of 1, 2, 5, 10,

and 20 mM was stepwise added to a cell containing 2 lM
IgG. For ANS study, the IgG solution in the presence of vary-
ing concentrations of propofol was mixed with ANS (15 mM)

and incubated in the dark for 20 min. The fluorescence inten-
sity of the sample was corrected against the buffer and propo-
fol solutions. Synchronous fluorescence spectra of IgG with
various concentrations of propofol (1, 5, 10, and 20 mM) were

obtained atDk = 20 (Tyr residues) and Dk = 60 nm (Trp resi-
dues) with the excitation and emission slit widths of 5 and
10 nm, respectively. Also, the inner filter effects were calcu-

lated and subtracted from the fluorescence intensity of IgG
samples.

2.4. Circular dichroism (CD) study

The far-UV CD spectra of IgG (5 mM) and near-UV CD spec-
tra of IgG (10 mM) with increasing concentration of propofol
(1, 5, 10, and 20 mM) were recorded using a JASCO-J815 spec-

trometer at room temperature. The obtained data were
expressed as following equation (Zeinabad et al., 2016):

Mean residue ellipticity MREð Þ
¼ Observed CD mdegð Þ=Cp� n� l� 10 ð1Þ

where n is the number of amino acids, l is the path length, and
Cp is the receptor concentration. The a-helix percentage was
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then estimated through the MRE values using the following

equation (Roudbaneh et al., 2019):

a� helix %ð Þ ¼ � MRE222� 2340ð Þ=30300� 100 ð2Þ
The scan rate was fixed at 200 nm/min, and each spectrum

was corrected against buffer and propofol solutions.

2.5. Molecular docking

The Hex 6.3 docking tool (www.ttp://hex.loria.fr) was used to
study the interaction between the propofol and IgG. The crys-

tal structure of IgG was downloaded from the Protein Data
Bank. The H2O2 molecules were removed from the protein
backbone using a text editor. The hydrogen atoms, surface

charge, and solvation parameters were applied through Hex
6.3 docking tool. The grid box was designed large enough to
include the binding site(s) of IgG and specified domains of

the surrounding residues with a grid spacing of 4�A. After-
wards, the potential structure for the flexible propofol was
optimized by the rotation of all single atoms and the docking
parameters were optimized by the Hex 6.3 program. At the end

of the molecular docking analysis, the IgG-propofol complex
with the minimum energy was analyzed as the most favorable
geometry of the complex for IgG. Molecular graphics were

determined with the PyMOL tool (http://www.pymol.org/).

2.6. Cellular assays

PBMCs were extracted from blood samples of humans by
Ficoll-Paque density gradient centrifugation (Ulmer et al.,
1984) (approved by the ethical committee of Linyi people’s

Hospital, China). PBMCs were then cultured in complete
RPMI-1640 media and then incubated with varying concentra-
tions of propofol (1, 10, 20, and 50 mM) to assay the cytotox-
icity for 24 hr using MTT assay.

2.7. MTT assay

The MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazo

lium bromide) assay was done after the treatment period.
PBMCs were added by MTT solution (5 mg/mL) for a 4 hr
37 �C. Afterward, purple formazan crystals were dissolved

using DMSO. Finally, the absorbance of the samples was read
at 595 nm spectrophotometrically using an ELISA plate reader
(Dynex MRX II, USA). The cells without any treatment were

used as the negative control cells.

2.8. LDH assay

After incubating the cells, supernatants were collected and

LDH release assay was one at 450 nm using reaction buffers
(DiaSys, Germany) according to the instructions of the manu-
facturer employing an ELISA plate reader (Dynex MRX II,

USA).

2.9. ROS assay

The generation of intracellular ROS after treatment of PBMCs
with IC50 concentration of propofol for 24 hr at 37 �C was
measured through DCFDA / H2DCFDA - Cellular ROS
Assay Kit (ab113851) based on the manufacturer’s instruction
using a microplate reader (Synergy-HT; BioTek).

2.10. Quantitative PCR (qPCR) analysis

The expression levels of Bax and Bcl-2 were evaluated by
quantitative qPCR technique based on the standard protocols.

PBMCs were treated with IC50 concentration of propofol for
24 hr at 37 �C. RNA extraction was then performed using
RNXTM-Plus Kit (InvitrogenTM, UK) according to the protocol.

After examination of the quality of the extracted RNA, syn-
thesis of cDNA was one using InvitrogenTM SuperScriptTM

VILOTM cDNA Synthesis Kit. Real-time PCR assay was done

through the SYBR Green-based PCR Master Mix. Applied
Primer sequences for qPCR are obtained based on previous
report (Sharifi et al., 2015). mRNA expressions were normal-
ized in comparison with 18S rRNA as a housekeeping gene.

2.11. Analysis of Caspase-9 and Caspase-3 protein levels

To measure Caspase-9 and Caspase-3 protein levels, PBMCs

cells were treated with varying concentrations of propofol (1,
10, 20, and 50 mM) for 24 hr at 37 �C. Then Caspase levels
were then determined through enzyme-linked immunosorbent

assay (ELISA; eBioscience�) according to the instructions of
the manufacturer employing an ELISA plate reader (Dynex
MRX II, USA).

2.12. Statistical analysis

The statistical analyses were done using SPSS software. Data
collected from three independent runs were reported as

mean ± SD and were then analyzed by One-Way ANOVA
and Tukey post Hoc tests. p-values < 0.05 were considered
as statistically significant.

3. Results and discussion

Several investigations on the interaction of small molecules

with plasma protein, mostly IgG, have been conventionally
carried out using different spectroscopic approaches, including
UV–Vis, fluorescence and CD spectroscopy. These techniques

provide useful data on the nature of protein binding and the
conformational changes of protein upon interaction with
ligands (Asl et al., 2018; Babadaei et al., 2018; Mansouri

et al., 2018).

3.1. UV–Vis spectroscopy study

UV–Vis spectroscopy which is known as an important tech-

nique to explore the structural changes of proteins (Jafari
Azad et al., 2017; Fardanesh et al., 2019) was employed to ana-
lyze the structural changes of IgG after interaction with

increasing concentrations of propofol (1, 5, 10, and 20 mM).
The one main absorption peak of a typical IgG at the wave-
lengths of 285 nm is mostly observed due to the presence of

Trp, Tyr, and Phe residues. Indeed, the absorption maximum
of IgG at this wavelength heavily depends on the microenvi-
ronmental changes in which these residues are located. As
depicted in Fig. 1a, a significant enhancement at 285 nm

http://www.pymol.org/


Fig. 1 Changes in UV–Vis spectra of IgG (a) and a red shift (b) with increasing concentrations of propofol in 10 mM phosphate buffer

(pH 7.4) at room temperature.
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accompanying a red shift (Fig. 1b) was determined upon addi-
tion of the increasing concentrations of propofol to the IgG
solution. These data revealed the incidence of IgG unfolding

with an increase in the hydrophilicity of microenvironment
of the Trp, Tyr, and Phe residues, as a result of interaction
between IgG and propofol.

3.2. Fluorescence quenching mechanism

The fluorescence quenching study was performed to determine
the quenching mechanism of the interaction between IgG and

propofol at room temperature. Fig. 2a shows the gradual flu-
orescence quenching of IgG with increasing in concentration
of propofol at room temperature

Indeed, this reduction in fluorescence intensity of IgG as a
result of increasing the propofol concentration indicates the
displacement of aromatic residues into a more hydrophilic

microenvironment. Furthermore, fluorescence intensity data
were analyzed by Stern Volmer equation (Eq. (3)) to determine
the nature of quenching mechanism based on the following

(Aghili et al., 2016):

Fo=F ¼ KSV Q½ � þ 1 ¼ kqs0½Q� ð3Þ
where Fo/F, KSV, Q, kq, and s0 are the fluorescence intensity
in the absence of ligand, fluorescence intensity in the presence
of ligand, Stern-Volmer constant, concentration of propofol,

the biomolecular quenching rate constant and the average life-
time of the fluorophore (10�8 s) (Mansouri et al., 2018).

Therefore, the KSV and kq values of the interaction between

IgG and propofol were then determined based on Stern-
Volmer plot (Fig. 2b). As summarized in Table 1, the kq value
was found to be 27 ± 0.019 � 1012 M�1 s�1. The maximum

collision quenching kq of different quenchers for biomacro-
molecules is ~2.0 � 1010 M�1 s�1 (Zeinabad et al., 2016). In
this study, kq of binding of propofol with IgG is much greater

than the maximum value of collision quenching kq, which
reveals that the quenching is by static collision, i.e., the forma-
tion of propofol-IgG complex.
3.3. ANS fluorescence study

ANS fluorescence Spectroscopy is one the main approaches
exist for determining the surface hydrophobicity of biomole-

cules (Singh et al.). ANS, as an extrinsic fluorescent probe, is
exceptionally sensitive to polarity of the microenvironment,
where in aqueous solutions its fluorescence intensity is very
weak, however after binding to the hydrophobic domain, its

quantum yield enhances remarkably (Singh et al.). Therefore,
ANS fluorescence analysis can be used in addressing the prob-
able alterations in hydrophobicity of protein surface stimu-

lated by interaction with some drugs drug binding. As shown
in Fig. 2c, at a fixed concentration of IgG (2 lM) and increas-
ing concentrations of propofol (1–20 lM), the ANS fluores-

cence intensity increases, which indicates the probable IgG
unfolding in the presence of propofol. Indeed, increasing the
ANS index of IgG (from 5.3 to 70.9 unit) suggests that the sur-

face hydrophobicity of IgG increases by ~ 13.33% upon
propofol binding.

3.4. Synchronous fluorescence spectroscopy study

Synchronous fluorescence spectroscopy has been widely used
to probe the molecular microenvironment in the vicinity of
the aromatic residues (Steiner-Browne et al., 2019). Indeed,

in the synchronous fluorescence study, the fluorescence spec-
trum of protein is derived mainly from Trp and Tyr residues
which are sensitive to the microenvironmental changes. It

has been depicted that synchronous fluorescence spectroscopy
study of IgG will result in providing characteristic information
on Trp and Tyr residues when the scanning interval is set at 60

and 20 nm, respectively (Steiner-Browne et al., 2019). The



Fig. 2 Fluorescence emission spectra of IgG (2 mM) in the presence of various concentrations of propofol (propofol/IgG molar ratio)

from 0.5 to 10; kem = 280 nm kex = 375 nm in 10 mM phosphate buffer (pH 7.4) at room temperature (a). Stern-Volmer curve for

quenching of IgG in the presence of various concentrations of propofol (b). ANS (15 mM) fluorescence study of IgG (2 mM) in the presence

of various concentrations of propofol (propofol/IgG molar ratio) from 0.5 to 10; kem = 380 nm kex = 495 nm in 10 mM phosphate

buffer (pH 7.4) at room temperature (c).

Table 1 The KSV and kq values for the interaction of IgG and propofol.

Complex T (K) KSV * 104 (M
�1
) kq * 1012 (M

�1s�1) R2

IgG-propofol 298 27 ± 0.019 27 ± 0.019 0.98
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blue/red shift in the kem corresponds to changes in the polarity
of chromophore molecules. The synchronous fluorescence
spectra of interaction between IgG and propofol are demon-

strated in Fig. 3. It was displayed that the fluorescence inten-
sity of IgG increased gradually along with the addition of
propofol, which further revealed the incidence of protein
destabilization in the binding process. Moreover, there is a sig-

nificant red shift of 6 nm and 5 nm in the propofol-IgG system



Fig. 3 Synchronous fluorescence spectra of interaction between IgG and propofol at Dk = 20 and (a) and at Dk = 60 (nm) (b).

Concentration of IgG was 2 lM, while concentrations of propofol were 0, 1, 5, 10, and 20 lM in a10 mM phosphate buffer (pH 7.4) at

room temperature.
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at Dk = 20 nm (Fig. 3a) and Dk = 60 nm (Fig. 3b), respec-

tively, indicating that interaction of propofol with IgG affects
the conformation of the protein around both Tyr and Trp
residues.

3.5. CD study

CD spectroscopy can be used as a sensitive technique to reveal

any changes in the secondary and tertiary structure of
biomacromolecules upon interaction with ligands (Zeinabad
et al., 2016). Therefore, we tried to probe the secondary and

tertiary structural changes of IgG in the presence of varying
concentrations of propofol using far-and near-UV CD, respec-
tively. Far-UV CD (190 nm to 260 nm) analysis showed that b-
sheet structures are dominant in IgG as a result of one mini-

mum at 2017 nm (Zeinabad et al., 2016). Fig. 4a shows the
CD spectra of IgG upon titration with different concentrations
of propofol (1, 5, 10, and 20 mM). It was disclosed that addi-

tion of different concentrations of propofol to IgG samples
substantially changes the ellipticities of the CD signals at
2017 nm (Fig. 4b), indicating that the interaction processes

resulted in the IgG unfolding. As tabulated in Table 2.
Near UV-CD was also used to determine the tertiary struc-

tural changes of IgG upon interaction with varying concentra-
tions of propofol. As shown in Fig. 4c, and Fig. 4d, the

ellipticity changes of IgG at 295 nm (Trp residues) and
270 nm (Tyr residues) decreased after addition of different
concentrations of propofol. Therefore, it was deduced that

after addition of propofol, both the secondary and tertiary
structures of IgG undergo substantially structural changes.
Therefore, these data are in good agreement with UV–Vis

and fluorescence outcomes manifested that some structural
changes occur in the vicinity of aromatic residues after interac-
tion of IgG with propofol.

3.6. Docking study

In order to model the interaction between IgG and propofol
molecule, at first the structure of propofol was optimized
through semiempirical AM1 method implemented in Gaus-

sian 98 W suite of program (Ja, 2000) as shown in
Fig. 5a. The X-ray crystallographic 3D structure of IgG
(PDB ID: 1igy) was obtained from the online Protein Data

Bank. The docked complex is shown in Fig. 5b and the
reported binding energy was found to be �161.64 E-value.
Visualization of the docked pose was by using CHIMERA

PyMOL tool. The ligand with surrounding amino acid resi-
dues inside a grid box of 4 Å are demonstrated in Fig. 5c.
The nearest interacting residues are revealed to be Ile-205,

Thr-114, Val-115, Val-206, Lys-107, Thr-139, Met-137,
Asn-135, Thr-134. Due to dominance of hydrophilic residues
such as Thr, Lys, and Arg in the binding pocket, it can be
suggested that hydrogen bond and van der Waals interaction

play an important role in the interaction IgG and propofol
molecule.

3.7. MTT and LDH assays

PBMNCs cells were treated with different concentrations of
the propofol ranging from 1 to 50 lM for 24 hr, and cell via-

bility and LDH release was measured by MTT (Fig. 6a) and
LDH (Fig. 6b) assays. MTT assay indicated that increased
concentrations of the propofol reduced the cell viability in a
concentration dependent manner. IC50 value was determined

to be 17.5 lM for the cells incubated for 24 hr (Fig. 6a).
LDH assay also indicated that the LDH releases were 100%,
104.02%, 112.35%, 120.11%, 193.67%, and 274.42% after

incubation of cells with different concentrations of propofol,
i.e., 0, 1, 5, 10, 20, and 50 mM, respectively (Fig. 6b). The
results revealed a significant increase in LDH release in 20

and 50 mM propofol.

3.8. ROS assay

ROS generation was analyzed following exposure to propofol
by the fluorophore H2DCF-DA in PBMCs. The cells incu-
bated with 10, 20 and 50 mM propofol for 24 hr presented a
significant increase in the ROS generation in a dose-



Fig. 4 Far-UV CD (a), ellipticity changes at 217 nm (b), near-UV CD (c), and ellipticity changes at 295 nm and 270 nm (d) for IgG after

interaction with varying concentrations of propofol (1, 5, 10 and 20 mg/mL) in 10 mM phosphate buffer (pH 7.4) at room temperature.

Table 2 The secondary structural changes of IgG in the

presence of different concentrations of propofol quantified by

CD software.

[Propofol]

(mM)

a-Helix

(%)

b-Sheet
(%)

Turn/loop

(%)

Random coil

(%)

0 8.25 63.11 12.39 16.25

1 8.11 62.91 12.61 16.37

5 7.54 62.09 12.99 17.38

10 6.38 58.94 13.83 20.85

20 5.81 55.16 14.57 24.46
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dependent manner (Fig. 6c). Indeed, the number of
DCF-positive cells was enhanced after exposure of PBMCs

to propofol.
3.9. Caspase-9 and -3 proteins level

Caspase-9 level in the PBMCs exposed to different concentra-
tions of propofol (20 and 50 lM) showed a significant increase

after 24 hr incubation (p > 0.05) (Fig. 6d). Caspase-9 level
showed a significant increase when the cells were incubated
with different concentrations of propofol (10, 20, and50 lM)
after 24 h incubation (Fig. 6e). Propofol with concentrations

of 1 and 5 lM caused no significant increase in Caspase-9
and Caspase-3 level after 24 hr incubations

3.10. Expression of Bax, Bcl-2 mRNA and Bax /Bcl-2 ratio

Expression of Bax mRNA showed no significant overexpres-
sion in the presence of IC50 concentration of propofol



Fig. 5 The optimized structure of propofol molecule (a). Crystal structure of IgG and the binding site of propofol in IgG (b). IgG

backbone is depicted in the ribbon representation, and propofol in the binding pocket is shown in the ball representation. The propofol

and interacting residues (c).
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(17.5 lM) after 24 hr incubation (Fig. 6f). However, Bcl-2

mRNA expression was significantly decreased after 24 hr incu-
bation (Fig. 6f). In general, the results determined a remark-
able increase in Bax /Bcl-2 ratio in the presence of IC50

concentration of propofol.
It has been indicated that propofol could result in the

quenching of intrinsic fluorescence of HSA through a static

quenching incidence (Darwish, 2010). The spectroscopy analy-
sis displayed some significant spectral changes of HSA as
determined by reduction in the absorption band of a-helix in

comparison with that of b-sheets (Darwish, 2010). Sun et al.
(2016) also investigated the interaction of propofol with
HSA by spectroscopic and theoretical analyses (Sun et al.,
2016). It was shown that static fluorescence quenching,

exothermic process and hydrophobic force are involved in
the interaction of propofol and HSA. It was also indicated that
HSA undergoes a significant denaturation upon interaction

with propofol (Sun et al., 2016). In another study, biophysical
interactions of propofol-linolenate with HSA were explored by
different techniques (Alanazi et al., 2020). The data of interac-

tions between propofol-linolenate and HSA disclosed a static
quenching of HSA by the target ligand. Also, it was revealed
conformational changes in HSA with significant enhancement
in the random coil structure (Alanazi et al., 2020). These data

are in good agreement with our reported results, indicating the
presence of hydrophilic interaction between propofol and IgG

and the subsequent structural changes of protein.
Regarding cellular assays, it was found that propofol

induced significant cytotoxic effects on PBMCs in a dose-

dependent manner. Cell membrane changes which expressed
by LDH assay were compared with intracellular ROS level
and apoptotic changes. Compared with the control group,

the group incubated with propofol showed a remarkable
increase in ROS level and apoptosis rate. Expression of apop-
tosis related Bax/Bcl-2 mRNA and Caspases proteins were

determined by qPCR and ELISA analysis. The results showed
that propofol up-regulated the Bax/Bcl-2 ratio and upregu-
lated the Caspase-9 and Caspase-3 protein levels. In summary,
it can be deduced that propofol triggers apoptosis in PBMCs

through activating caspases and Bcl-2 family pathways. It
has been also indicated that propofol stimulates apoptosis
through upregulation of Bax/Bcl-2 mRNA and activated

caspase-3 in neuron cells (Lv et al., 2018).

4. Conclusion

In summary, we have studied the probable binding mechanism
of propofol as an intravenous anesthetic drug with IgG. In
view of spectroscopic and theoretical analysis it can be



Fig. 6 Effects of different concentrations of propofol (1–50 mM) on mitochondria by MTT assay (a), membrane leakage by LDH assay

(b), ROS assay (c) protein level of Caspase-9 (d), protein level of Caspase-3 (e), and the effect of IC50 concentration of propofol (17.5 mM)

on the expression of Bax and Bcl-2 mRNA (f). The cells were exposed to different concentrations of propofol (1–50 mM) for 24 hr. The

data were expressed as he mean ± SD of three independent experiments and then normalized to the negative control cells.

Elucidating the interaction of propofol 9
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deduced that propofol interacts with IgG through static
quenching and undergoes some significant structural changes
facilitated by Hydrogen bonding and van der Waals interac-

tions. Furthermore, propofol induces significant cytotoxicity
towards PBMCs and triggers distinct reduction in cell viability
and membrane integrity pertaining to mechanism of apoptosis.

Therefore, it can be suggested that these outcomes may help in
explaining the pharmacokinetic details of propofol and under-
standing the mechanistic pathways of cytotoxicity induced by

propofol abuse.
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