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Proapoptotic protein Smac mediates apoptosis in 
ovarian cancer cells when treated with carpachromene
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A b s t r a c t 

Introduction: We investigated carpachromene in cytotoxicity studies against 
a common human ovarian cancer cell line, i.e. SW 626, in vitro. Interestingly, 
we obtained significantly good results in the study. Also, we performed en-
zyme inhibition and molecular docking studies. 
Material and methods: For investigating the antioxidant properties of car-
pachromene, the DPPH test was used in the presence of butylated hydroxy-
toluene as the positive control. Cell viability of carpachromene was very low 
against the common human ovarian cancer cell line SW 626 without any 
cytotoxicity on a normal cell line. To compare the biological activities of mol-
ecules, the enzymes used were α-glucosidase, acetylcholinesterase, respec-
tively. Finally, calculations were made using the molecular docking method 
to compare the biological activity of the carpachromene molecule. We then 
examined whether the release of Smac is necessary for apoptosis in ovarian 
cancer cells using the SW 626 cell line. We first examined mitochondrial and 
cytosolic Smac levels after carpachromene treatment. 
Results: Carpachromene inhibited half of the DPPH molecules in the concen-
tration of 103 µg/ml. Maybe significant anti-human ovarian cancer potential 
of carpachromene against common human ovarian cancer cell lines is linked 
to their antioxidant activities. Following the docking calculations, the prop-
erties of the carpachromene molecule were examined by ADME/T analysis in 
order to be used as a drug in the future. In addition, the anti-oxidant proper-
ties of the molecules were examined in both gas and water phases with the 
HF/6-31g basis set with the Gaussian software program. It was found that 
exposure of ovarian cancer cells to carpachromene decreased mitochondrial 
Smac and increased cytosolic Smac levels in a time-dependent fashion. The 
results showed a decrease in Smac expression, as confirmed by Western blot. 
Silencing of Smac significantly inhibited carpachromene-induced caspase-3 
cleavage and attenuated apoptosis in these cells. Moreover, overexpression of 
a Smac heptapeptide (Smac-N7) enhanced carpachromene-induced cell death.
Conclusions: According to the above findings, carpachromene may be ad-
ministered for the treatment of several types of human ovarian cancer in 
humans. 
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Introduction

Alpha-glucosidase inhibitors (AGIs; acarbose, miglitol, voglibose) are 
widely used in the treatment of patients with type 2 diabetes. AGIs de-
lay the absorption of carbohydrates from the small intestine and thus 
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have a lowering effect on postprandial blood glu-
cose and insulin levels [1, 2]. Acetylcholinesterase 
(AChE; EC 3.1.1.7) creates optimum conditions for 
the electron carriers by removing the chemicals 
that accumulate in the nerve end over time. There 
is no definitive treatment method for Alzheimer’s 
disease as in Parkinson’s disease. The current 
treatment methods are only aimed at minimizing 
the effects of the disease or improving the quality 
of life. For this purpose, AChE inhibitors (donepez-
il, rivastigmine) are widely used in order to ensure 
a better quality of life for patients [3, 4].  

Many recent studies have shown that when 
theoretical and experimental studies are car-
ried out together, it has been observed that the 
research has increased quality. Both the results 
of the theoretical studies and the results of the 
experimental studies were found to be in great 
harmony with each other [5–8]. In the theoreti-
cal studies, both the anti-oxidant properties and 
biological activities of the molecule studied were 
examined by calculations.

One of the best and common methods used to 
compare the biological activities of molecules is 
molecular docking. In order to compare the bio-
logical activities of the carpachromene molecule, 
calculations were made against many enzymes 
by molecular docking calculations [9]. As a result 
of these calculations, many parameters related to 
the carpachromene molecule were obtained. The 
numerical values of these parameters give infor-
mation about many properties of the molecule. 
After these calculations, ADME/T (absorption, 
distribution, metabolism, excretion and toxicity) 
analysis was performed to examine the mole-
cule’s potential to be used as a drug. As a result of 
ADME/T analysis, many parameters were found. 
If the numerical values of these parameters are 
within certain ranges, this molecule can be used 
as a medicine.

Calculations were made to examine the anti- 
oxidant properties of the carpachromene mole-
cule. The most important reason for examining 
these anti-oxidant properties is that some mol-
ecules in the human body turn into high-activity 
free radicals during biochemical reactions [10]. 
The fact that these free radicals have high ac-
tivity to the cells and organs in the human body 
causes great damage. It causes many chronic dis-
eases such as cancer and heart diseases at the 
beginning of this damage. By inhibiting these free 
radicals, it is intended to minimize this damage 
[11–17]. Therefore, the anti-oxidant property of 
this carpachromene molecule has been studied. 

We also investigated carpachromene in cyto-
toxicity studies against a common human ovarian 
cancer cell line, i.e., SW 626, in vitro. Interesting-
ly, we obtained significantly good results in the 

study. Also, we performed enzyme inhibition and 
molecular docking studies.  

Material and methods 

Determination of antioxidant activities  
of carpachromene

In this method, first 0.3 ml of the sample solu-
tion was poured into a test tube, then 9 ml of the 
DPPH methanolic solution was added. The con-
tents of each tube were thoroughly mixed with 
the vortex. After 30 min, at room temperature 
and in the dark, their absorbance was read at  
517 nm using a UV/Vis spectrophotometer against 
a methanol-containing blank. In this method, BHT 
was used as a positive control. According to the 
mentioned mechanism, the higher the antioxi-
dant power of the sample, the yellower the color 
of the resulting solution will be. 

The following formula was used to determine 
the antioxidant properties of carpachromene: In-
hibition (%) = (Sample A/Control A) × 100.

Excel and Bio Data Fit 1.02: Data Fit For Bi-
ologists software was used to calculate the IC

50 
and to compare the antioxidant effects of these 
extracts with the standards and negative control 
and plotting [18].

Gene silencing with small interfering RNAs 
and plasmids

Small interfering RNA (siRNA) oligonucleotides 
were purchased from Dharmacon (Lafayette, CO) 
with sequences targeting Bax (5′- AACUGAUCA-
GAACCAUCAUGG-3′), Smac (5′-AACCCUGUGUGC-
GGUUCCUAU-3′), and p53 (5′-CGG-CAUGAACCG-
GAGGCCCAU-3′). For Bax shRNA construction, the 
Bax siRNA was cloned into the pSilencer 2.1-U6 
hygroplasmid. The constitutively active Akt1 con-
struct HA-PKB-T308D/S473D was obtained as de-
scribed previously. Smac and XIAP constructs were 
generated by RT-PCR from total RNA isolated from 
A2780/CP cells (cisplatin-resistant version of the 
A2780 cells) and cloning of the RT-PCR products 
into the pFLAG-CTC vector (Sigma).

Determination of anti-human ovarian 
cancer effects of carpachromene 

The process of controlled culture of prokaryotic 
or eukaryotic cells in a filtered or unfiltered flask 
or cell culture plate by a suitable culture medium 
is called. This term is mostly used for culturing 
multicellular cells. Special culture media are used 
to culture cells. The cells are usually cultured at 
37°C in equipment such as CO

2 incubators. Cell 
culture should be performed under aseptic (dis-
infected) conditions because the growth of these 
cells is much slower than the growth of bacteria 
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and yeasts and there is a possibility of contami-
nation of the culture medium. Antibiotics such as 
penicillin, streptomycin, or gentamicin are some-
times used to stop the growth of bacteria. In order 
for cells to proliferate well in culture medium, their 
density in culture medium must be low. For this 
purpose, the cells should be passed to fresh cul-
ture medium from time to time. One of the goals 
of cell culture is to study cells in terms of how they 
grow, their nutritional needs, and the reasons they 
stop growing, each of which can have a profound 
effect on the morphology of the cells we see under 
a microscope. Therefore, to study the cell growth 
cycle, develop methods to control the growth 
of cancer cells and modulate the expression of 
genes, it is necessary to cultivate these cells in an 
external environment [19–24].

With the help of cell culture, cells can be pre-
pared that are in different stages of differentia-
tion and can be differentiated into other cells 
with the help of hormones and growth factors. 
With the help of cell culture, homogeneous cells 
can be prepared and intracellular activities such 
as DNA replication, DNA transcription synthe-
sis, RNA and protein synthesis and other details 
related to metabolism can be studied. It is also 
possible to examine the subsequent events and 
intracellular currents, such as the displacement 
of these complexes, the type of intracellular mes-
sages, and how the messages are transmitted, 
after connecting different molecules to the corre-
sponding membrane receptor. The cultured cells 
can be stored frozen at very low temperatures. 
Such conditions will maintain the growth rate or 
genetic composition of these cells and they can be 
thawed and used again at the appropriate time. 
This prevents aging of cells, while it is current-
ly not possible to prevent the aging of animals. 
When working with laboratory animals, systemic 
changes due to the effect of the animal’s natural 
homeostasis or the stress of the experiments on 
the results should be considered, while the use of 
cell culture eliminates this problem. In addition, 
standardizing laboratory tests is easier and more 
practical than tests on living organisms. In labo-
ratory environments, it is much easier to control 
the physical and chemical factors in the living 
environment of cells, including acidity, heat, os-
motic pressure, and the pressure of gases such as 
oxygen and carbon dioxide. Cells that are taken 
directly from the individual are known as primer 
cells and have a limited lifespan. Most cells have 
a  limited lifespan, except for those taken from 
a tumor. An immortal cell line can proliferate in-
definitely by creating a  random or targeted mu-
tation (such as artificial expression of the genes) 
and be established as a representative of specific 
cell types [19–24].

In the present experiment, the human ovarian 
cancer cell line SW 626 and the human normal cell 
line (HUVEC) were used to study the cytotoxic and 
anticancer potential of carpachromene against 
human ovarian cancer using a common cytotoxic-
ity test i.e., MTT assay in in vitro conditions. 

The cells were cultured in medium (RPMI1640 
= Roswell Park MemoryL Institute1640) with 10% 
FBS combined with penicillin and streptomycin 
antibiotics in an incubator containing 5% CO2 
in a  flask (T25). After three passages for purifi-
cation, the cells were used to perform the next 
steps. Cell count and the number of viable cells 
were determined with a  hemocytometer slide 
using trypan blue. Evaluation of the cytotoxic 
effect of carpachromene was performed by the 
modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-2H-tetrazolium bromide (MTT) colorimet-
ric test. In this method, MTT, which is yellow, is 
converted to insoluble and formazan purple dye 
by dehydrogenase enzymes in the mitochondria 
of active cells. The adsorption of this compound 
can be measured after dissolving at 570–540 nm. 
After 2 days and covering the flask bottom with 
cells, the cell layer adhering to the flask bottom 
was isolated enzymatically using trypsin-EDTA 
(5%) (tetraacetic acid ethylenediamine); after 
transfer to sterile test tubes, it was centrifuged 
at 2000 rpm for 10 min. The cells were then re-
suspended in a  fresh culture medium with the 
help of a  Pasteur pipette and cell suspension  
(106 ml/µg) was prepared from them. 40 µl of this 
cell suspension (equivalent to 104 × 4 cells) was 
poured into 96-well plate flat-bottomed wells (for 
cell culture). Then the final volume of each well 
with 10% FBS medium reached 200 µl. The first 
row containing cell suspension was considered as 
a negative control (control). After incubation for 
18–24 h to remove cells from the stress caused 
by trypsinization, the supernatant was removed 
slowly and carefully. A  new medium was added 
to all rows with different concentrations of car-
pachromene (only a new medium was added to 
the negative and positive control rows), so that 
the diluted carpachromene with concentrations 
of 1–1000 µg/ml was added to the third to sixth 
rows, respectively, and the plate was incubated in 
CO2 for 48, 24 and 72 h. After the incubation time, 
the plate was taken out of the incubator and  
20 µl of MTT (Sigma) was added to all wells, and 
incubated for 3 h. The supernatant was then gen-
tly removed and 100 µl of DMSO was added to 
the wells and pipetted to dissolve the formazan 
crystals. The amount of light absorption (OD) ac-
cording to the intensity of the blue color of for-
mazan at 540 nm was read by an ELISA  reader. To 
convert OD to the percentage of living cells, the 
following formula was used and the percentage 
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of living cells at each concentration was calculat-
ed after 48, 24 and 72 h [19–24]: Cell viability (%) 
= (Sample A/Control A) × 100.

The concentration of the tested compounds 
that reduced the percentage of living cells by half 
was considered as IC50 (the half maximal inhibito-
ry concentration) [19–24].

Qualitative measurement

At least three independent replications were 
performed for each data and the result was pre-
sented as mean ± SD. Data statistical analysis was 
done with SPSS software version 22 and one-way 
ANOVA and Duncan tests. Significance was con-
sidered at the level of p ≤ 0.05.

Docking study

In this study, molecular docking calculations 
to compare the biological activities of molecules 
were performed using the Maestro Molecular 
modeling platform (version 12.2) by Schrödinger. 
Proteins and molecules must be prepared for cal-
culations. In the calculations, a different process is 
performed for the molecules at each stage. First-
ly, the Gaussian software program was used to 
obtain optimized structures of molecules, which 
created files with the extension *.sdf using these 
structures. Using these files, all calculations were 
made with the Maestro Molecular modeling plat-
form (version 12.2) by Schrödinger, LLC [25]. The 
Maestro Molecular modeling platform (version 
12.2) by Schrödinger comprises many modules. 
In the first module used, the protein preparation 
module [26, 27] was used to prepare the proteins 
for calculations. The crystal structures of these 
proteins have been downloaded from the Protein 
Data Bank site. These proteins were initially min-
imized and water molecules in their crystal struc-
tures were removed. In the next step, the active 
regions of the proteins were determined for cal-
culations, in which the proteins in this active re-
gion were given freedom of movement. Therefore, 
these proteins were enabled to interact with mol-
ecules more easily. In the next step, the LigPrep 
module [28, 29] was used to prepare the working 
molecules for calculations.

Calculations were performed to find high ener-
gy isomers in physiological pH values of new cy-
anopyridine derivatives containing 3D structures 
and the correct protonation conditions. In the next 
step, the prepared proteins and molecules were 
docked with each other. The Glide ligand dock-
ing module [30] was used for this step. The en-
zymes used were α-galactosidase (α-Gly) (1T0O) 
[31], acetylcholinesterase (4M0E) (AChE) [32–34], 
respectively. In this module, the OPLS3e method 
was used in all calculations for docking calcula-

tions of molecules and proteins. The numerical 
values of many parameters obtained as a result of 
molecular docking calculations using this module 
were used. After the docking calculations, ADME/T 
analysis (absorption, distribution, metabolism, ex-
cretion and toxicity) was performed to examine 
the molecule’s ability to be a drug in the future. 
The Qik-prop module [35] of the Schrödinger soft-
ware was used for ADME/T analysis.

Gaussian study

Theoretically, the process of comparing the 
anti-oxidant activities of molecules requires cal-
culating more than one thermodynamic param-
eter. These thermodynamic parameters are bond 
dissociation enthalpy (BDE), proton dissociation 
enthalpy (PDE), proton affinity (PA), ionization 
potential (IP) and electron transfer enthalpy (ETE) 
[36–40].

In this study, 3 mechanisms were examined in 
the anti-oxidant study. The first one is the hydro-
gen atom transfer mechanism (HAT): 

R • + AH → RH + A •       (1)

In this mechanism, the free radical molecule 
extracts a  hydrogen from the anti-oxidant and 
converts the anti-oxidant into its free radical form. 
To calculate the reactivity of the compound, it is 
necessary to calculate the bond dissociation en-
thalpy (BDE) of the A-H bond. 

The second mechanism is single electron trans-
fer-proton transfer (SET–PT). This mechanism con-
sists of two consecutive reactions. In the first one, 
the removal of the electron from the AH occurs 
immediately after the proton transfer.

R • + AH → R– + AH+•       (2)
AH+• → H+ + A+       (3)

These two mechanisms are ionization potential 
(IP) and proton dissociation enthalpy (PDE) from 
the AH+ cation radical, respectively.

The mechanism of the third and last reaction 
is again in two stages. These two mechanisms are 
called the SPLET (sequential proton loss electron 
transfer) mechanism.

AH → A– + H+       (4)
A– + H+ + R• → A•  + RH       (5)

The reaction enthalpy of the first reaction is the 
proton affinity (PA) of the anion. The reaction en-
thalpy of the second reaction is electron abstrac-
tion, namely electron transfer enthalpy (ETE). The 
enthalpies of the reactions for these five reactions 
are calculated from the formulas below.

BDE = H(A•) + H (H•) – H(AH)       (6)
IP = H(AH+•) + H(e–) – H(AH)       (7)

PDE = H(A•) + H(H+) – H(AH+•)       (8)



Proapoptotic protein Smac mediates apoptosis in ovarian cancer cells when treated with carpachromene

Arch Med Sci 5

PA = H(A–) + H(H+) – H(AH)       (9)
ETE = H(A•) + H(e–) – H(A–)       (10)

To calculate the numerical values in these 
formulas, GaussView 5.0.8 and Gaussian09 
AS64L-G09RevD.01 [8, 41] package programs 
were used. Calculations of anti-oxidant mole-
cules were performed using the Hartree-Fock (HF) 
method [42, 43] with the 6-31++G(d, p) basis set 
in the gas and water phase.

Assessment of enzyme activities

Ellman’s method [44] was used with slight 
modifications. A disposable cuvette was filled with  
0.4 ml of 0.4 mg/ml DTNB, 25 µl of AChE solu-
tion (0.5 µkat in 1 mM acetylthiocholine), 425 µl 
of PBS, 50 µl of paraoxon in isopropanol or iso-
propanol alone [45, 46]. The reaction was started 
by adding 100 µl of acetylthiocholine chloride in 
a  given concentration for assessment of K

m  and 
V

max or 1 mM for toxicological and pharmacolog-
ical investigations. Absorbance at 412 nm was 
measured immediately and after 1 min. Enzyme 
activity was calculated estimating extinction co-
efficient ε = 14,150 M–1cm–1. The inhibition effect 
of glucosidase of carpachromene was assessed 
using the Tao et al. [47] process. First, the phos-
phate buffer (pH 7.4, 75 µl) was combined with 
5 µl of the sample and 20 µl of the α-glycosidase 
enzyme solution prepared in the phosphate buffer 
(0.15 U/ml, pH 7.4). After pre-incubation, 50 µl of 
p-nitrophenyl-D glycopyranoside (p-NPG) was ap-
plied to the phosphate buffer (5 mM, pH 7.4) and 
re-incubated at 37°C. At 405 nm the absorbance 
of mixtures was reported. Three separate concen-
trations of carpachromene were used to de-ter-
minate the Ki values [48]. The graphs were then 
drawn from Lineweaver-Burk [49].   

Results and Discussion

Enzyme results

Inhibition of metabolic enzymes was investi-
gated, and the results were reported as follows.

Carpachromene was effective in inhibiting 
AChE as a metabolic enzyme. The K

i value for AChE 
was 56.24 ±12.32 nM (Table I). Also, the tacrine 
(TAC) molecule was used as an AChE enzyme con-
trol molecule; it had a K

i value of 102.67 ±11.57 

nM. Carpachromene and TAC IC50 values were: 
carpachromene (63.87 nM, r2 = 0.9809) < TAC 
(123.93 nM, r2 = 0.9678) for AChE. AChE inhibi-
tor compound is a neurotoxic molecule capable of 
causing central, peripheral, or both peripheral and 
central cholinergic crises. The molecule investigat-
ed in the present study can be applied as medici-
nal products developed to treat myasthenia gravis 
and AD.

On the other hand, carpachromene showed 
IC50 and Ki values are 112.98 nM, r2 = 0.9881 and 
135.03 ±16.15 (Table I). For the α-glucosidase 
present on cell lining, and the intestine, hydrolyz-
ing monosaccharides are absorbed through the 
intestine. The results of the α-glucosidase assay 
showed that carpachromene has an effective 
α-glucosidase inhibition profile compared to that 
of acarbose (IC50 = 128.26 nM, Ki = 141.34 ±17.55) 
as a standard α-glucosidase inhibitor. The inhibi-
tion of α-glucosidase digestive enzyme is of great 
importance for the treatment and prevention of 
diabetes, postprandial glucose levels and hyper-
glycemia.  

Antioxidant capacities of carpachromene 

Free radicals are molecules with a free electron 
ready to react, and oxygen is produced with some 
molecules. If many of them are suddenly produced 
in the body, they react with some parts of the 
cell, such as DNA and cell membranes, and cause 
cell damage or even death. Normally, the body’s 
defense system neutralizes these harmless free 
radicals [48, 49]. Antioxidants prevent the spread 
of oxidation chain reactions. Thus, the strength 
of an antioxidant formed by the contact of an H 
atom with a free radical is due to the effect of an 
antioxidant on the ease with which this H atom 
separates from it. Thus, antioxidants can protect 
cell membranes and various compounds against 
oxidants in small amounts. Numerous biochem-
ical and physiological processes may cause the 
production of free radicals. Reactive oxygen spe-
cies (ROS) include free radicals and radical-free 
forms. Free radicals include hydrogen peroxide 
(H2O2), hydroxyl radical (OH•), and superoxide an-
ion radical (O2

–•). When the concentration of ROS 
increases, it can oxidize macromolecules such 
as proteins, nucleic acids, and membrane lipids, 

Table I. Enzyme inhibition results of carpachromene against acetylcholinesterase (AChE) and α-glucosidase (α-Gly) 
enzymes   

Compounds IC50 and Ki values [nM]

AChE r2 α-Gly r2 AChE α-Gly

Carpachromene 63.87 0.9809 112.98 0.9881 56.24 ±12.32 135.03 ±16.15

Tacrine 123.93 0.9678 – – 102.67 ±11.57 –

Acarbose – – 128.26 0.9013 – 141.34 ±17.55
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resulting in cell damage and possibly “cell and 
tissue destruction” [43–46]. Natural compounds 
and molecules reduce the concentration of ROS 
by producing antioxidants and thus prevent cell 
damage. Recently, many researchers have paid 
close attention to natural compounds and mol-
ecules and their relationship to their antioxidant 
properties, and many natural compounds and 
molecules have been studied for their antioxidant 
activity.  

Now, turning our attention to investigate the 
bioactivity of carpachromene, a  concentration-de-
pendent DPPH radical scavenging effect of carpa-
chromene was observed against BHT as a reference. 

The DPPH process is widely applied to deter-
mine the free radical scavenging effect of different 
antioxidant materials. The DPPH scavenging abil-
ities are known to be due to the hydrogen donat-
ing activities of antioxidant materials. When DPPH 

results were examined, it was observed that it in-
creased in a dose-dependent manner [24].

The interaction between carpachromene and 
DPPH might have occurred by transferring elec-
trons and hydrogen ions. The scavenging capacity 
of carpachromene and BHT at different concentra-
tions, expressed in terms of percentage inhibition, 
is shown in Figure 1. 

In the antioxidant test, the IC50 values of bu-
tylated hydroxytoluene and carpachromene were 
155 and 103 µg/ml, respectively (Table II).  

Antioxidant compounds show stronger antiox-
idant effects against free radical formation in the 
living system [50]. The antioxidant compounds 
have excellent redox properties and have a  sig-
nificant role in deactivating free radicals. Previous 
studies have indicated that flavonoids and pheno-
lic compounds have significant antioxidant prop-
erties [51, 52]. 

Cytotoxicity and anti-human ovarian cancer 
potential of carpachromene

Cancer is recognized as one of the leading 
causes of death in today’s society, and several 

Figure 1. Antioxidant properties of carpachromene (A) and BHT (B) against DPPH. The numbers indicate the per-
cent of free radical (DPPH) inhibition in the concentrations of 0–1000 µg/ml of carpachromene and BHT

A

B

Table II. IC50 of carpachromene and BHT in the an-
tioxidant test

Carpachromene BHT

IC50 [µg/ml] 103 155
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drugs have been introduced to treat this disease, 
but most common cancers are not yet controlla-
ble, and this disease imposes huge costs on pa-
tients and society. The main factor in the develop-
ment and progression of cancer has not yet been 
precisely identified. However, the available data 
suggest that metabolic disorders in the tissue and 
immune disorders may be involved in the devel-
opment and exacerbation of this disease [51, 52]. 
In addition, metabolic disorders in the production 
and excretion of oxygen free radicals are import-
ant factors affecting cancer cells. Free radicals 
are destructive compounds that are produced as 
a by-product by the body’s chemical reactions and 
are destroyed by the body’s defense system and 
enzyme system and antioxidants. However, in cas-
es where the body’s metabolic disorders and the 
production of free radicals are high and they are 
not destroyed by the neutralizing system, due to 
their instability, these compounds have a  strong 
tendency to react with a variety of molecules in the 
body [51]. It is estimated that each cell in the hu-
man body is exposed to free radicals 10,000 times 
a day and DNA strands 5,000 times a day. Damage 
to cell components includes proteins (genetic dis-
order), fats (lipid oxidation), and cell membranes 
(permeability disorder) such that if the damage is 
not repaired, it leads to disruption of the chemical 
reaction and normal proteinization of the cell and 
the formation of harmful compounds and some-
times cancer cells in the body [52]. It is reported 
that thousands of cancer cells are produced daily 
in the human body, which are killed by the body’s 
defense system. In some cases, due to dysfunction 
of the above systems, cancer cells proliferate and 
conditions for cancer develop in different tissues. 
According to the above, antioxidants play a vital 
role in preventing disorders caused by the effects 
of free radicals and thus the prevention and treat-
ment of cancer. Antioxidants are a wide range of 
molecular compounds with complex properties 
that combine with and neutralize free radicals. 
More than 60,000 types of molecular antioxidants 
have been identified so far. Antioxidants can be 
effective in three known ways to prevent and treat 
cancer: 1. destruction of free radicals; 2. strength-
ening the immune system to destroy cancer cells; 
3 preventing the adhesion of cancer cells to other 
cells and preventing their proliferation [53–57].

In the current research, the cytotoxicity of car-
pachromene was explored by studying its interac-
tion with normal (HUVEC) and a common human 
ovarian cancer cell line, i.e. SW 626, by MTT assay 
for 48 h. The interactions expressed as cell viabil-
ity (%) were observed at different carpachromene 
concentrations (0–1000 µg/ml) with the five cell 
lines which are shown in Figures 2 and 3. 

In all cases, the % cell viability decreased with 
increasing carpachromene concentrations. The 

IC
50 values of carpachromene against the common 

human ovarian cancer cell line SW 626 were 269, 
98, 106, and 270 µg/ml, respectively (Table III). 

We then examined whether the release of 
Smac is necessary for apoptosis in ovarian cancer 
cells using the SW 626 cell line. We first exam-
ined mitochondrial and cytosolic Smac levels after 
carpachromene treatment. As shown, exposure of 
ovarian cancer cells to carpachromene decreased 
mitochondrial Smac and increased cytosolic Smac 
levels in a time-dependent fashion. Similar results 
were found for cyt c release. The release of Smac or 
cyt c in apoptosis was also consistently shown by 
immunostaining. To further study the role of Smac 

Figure 3. Anti-human ovarian cancer properties 
(cell viability (%)) of carpachromene (concentra-
tions of 0–1000 µg/ml) against common human 
ovarian cancer cell line SW 626. The numbers in-
dicate the percent of cell viability in the concentra-
tions of 0–1000 µg/ml of carpachromene against 
several human ovarian cancer cell lines

Figure 2. Cell viability of carpachromene against 
normal (HUVEC) cell line



Yunjing Song, Jian Wang, Chunnian Zhang, Ying Yu, Hong Cai

8 Arch Med Sci

in cell apoptosis, we used siRNA to knock down 
Smac expression. As depicted in Figure 4 A, a de-
crease in Smac expression was confirmed by West-
ern blot. Silencing of Smac significantly inhibited 
carpachromene-induced caspase-3 cleavage and 
attenuated apoptosis in these cells (Figure 4 A).  
Moreover, overexpression of a Smac heptapeptide 
(Smac-N7) enhanced carpachromene-induced 
cell death (Figure 4 B). These results suggest that 
Smac, the mitochondrial apoptogenic protein, 
plays a prominent role in the execution of carpa-
chromene-induced apoptosis in ovarian cancer 
cells. 

Docking results

Biological activities and anti-oxidant properties 
of molecules can be examined by using theoretical 
calculations. These calculations are an important 
guide for synthesizing molecules with higher ac-
tivity.

As a  result of molecular docking calculations 
of the molecule, many parameters were obtained. 
Each parameter obtained gives information about 
many different properties of the molecule. The 
most important parameter among these param-
eters is the docking score, because the numerical 
value of this parameter is the most important 

indicator of interaction between a molecule and 
an enzyme [58–60]. The molecule with the lowest 
numerical value of this parameter has the highest 
biological activity. The molecule with the highest 
biological activity is the molecule that interacts 
most with the enzyme. These interactions include 
many interactions such as hydrogen bonds, polar 
and hydrophobic interactions, π-π and halogen 
[61–67]. The parameters obtained from the inter-
action between the molecule and the enzyme are 
given in Table IV and the representation of these 
interactions is given in Figures 5 and 6. 

Another parameter obtained from the calcu-
lations is Glide ligand efficiency. The numerical 
value of this parameter gives information about 
the activity of the molecules studied. The param-
eters showing the numerical values of the inter-
action between the molecule and the enzyme are 
Glide hbond, Glide evdw, Glide ecoul. On the other 
hand, the parameters Glide emodel, Glide energy, 
Glide einternal, and Glide posenum are the numer-
ical values of the exposure formed between the 
molecule and the enzyme [68].

Another parameter obtained from the calcula-
tions is Glide ligand efficiency. The numerical val-
ue of this parameter gives information about the 
activity of the molecules studied. The parameters 
showing the numerical values of the interaction 
between the molecule and the enzyme are Glide 
hbond, Glide evdw, and Glide ecoul. On the other 
hand, Glide emodel, Glide energy, Glide einternal, 
and Glide posenum parameters are the numerical 
values of the exposure formed between the mole-
cule and the enzyme [69].

Table III. IC50 of carpachromene in the anti-human 
ovarian cancer test

HUVEC SW 626

IC50 [µg/ml] – 269

Figure 4. Smac plays an important role in carpachromene-induced apoptosis. A, cells were transfected with Smac 
or control (Ctrl) vector siRNA for 48 h and then treated with carpachromene for 24 h. Cell apoptosis was quanti-
tatively detected by a cell death ELISA kit as described under Material and methods. Graphs showing results of 
quantitative analyses. B, cells were pretreated with Smac-N7 or control (15 m) peptide for 3 h, followed by treat-
ment with or without carpachromene for 24 h. Apoptosis was measured by a cell death ELISA kit as described 
under Material and methods
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Following molecular docking calculations,  
ADME/T analysis was performed to examine the 
drug-making properties of the carpachromene 
molecule. ADME/T analysis examines the effects 
and reactions of drug molecules on human metab-
olism. As a  result of the ADME/T analysis, many 
parameters were obtained. With this analysis, ab-
sorption, distribution, metabolism, excretion and 
toxicity characteristics of molecules in human 
metabolism are predicted [8]. The parameters ob-
tained from this analysis of the carpachromene 
molecule are given in Table V. 

In the ADME/T analysis, the first parameter is 
mol_MW, which shows the numerical value of the 
mol mass of the molecule. Another parameter is 
SASA, which is the π (carbon and attached hydro-
gen) component of SASA. Another parameter is 
WPSA, which is the weakly polar component of 
SASA (halogens, P, and S). Another parameter is 
QPlogPo/w, which is the predicted octanol/wa-
ter partition coefficient. Another parameter is 
CIQPlogS, which is conformation-independent 
predicted aqueous solubility, log S. S in mol/dm3 
is the concentration of the solute in a saturated 
solution that is in equilibrium with the crystalline 

solid. Another parameter is QPlogHERG, which is 
the numerical value of the estimated IC50 value 
when the HERG K channels are blocked. Anoth-
er parameter is QPPCaco, which is Caco-2 cell 
permeability in the gut-blood barrier for inactive 
transport. Another parameter is QPlogBB, which 
is the estimated brain/blood division coefficient. 
The numerical value of this parameter is for orally 
administered drugs; therefore, for example, do-

Figure 5. Presentation of interactions of carpachromene with α-glucosidase enzyme

Figure 6. Presentation of interactions of carpachromene with AChE enzyme

Table IV. Numerical values of the docking parame-
ters of molecule against enzymes

Variable AChE α-Glucosi-
dase

Docking Score –6.92 –4.28

Glide ligand efficiency –0.28 –0.17

Glide hbond 0.00 –0.17

Glide evdw –35.62 –25.95

Glide ecoul –0.39 –4.56

Glide emodel –56.03 –43.68

Glide energy –36.01 –30.50

Glide einternal 0.07 0.78

Glide posenum 372 162
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RuleOfThree [72]. The numerical value of these 
two parameters is expected to be zero. The 
RuleOfFive parameter is also the fifth rule of Lip-
inski’s Pfizer. The rules are: mol MW < 500, QPlogP 
o/w < 5, donorHB ≤ 5, accptHB ≤ 10. However, the 
RuleOfThree parameter is known as Jorgensen’s 
rule of three. The three rules are: QPlogS > –5.7, 
QP PCaco > 22 nm/s, #Primary Metabolites < 7. If 
the numerical value of the RuleOfThree parameter 
is zero, this molecule can be used orally as a med-
icine. The last and another important parameter is 
Jm, which is the predicted maximum transdermal 
transport rate, Kp × MW × S (µg × cm–2 × h–1). Kp 
and S are obtained from the aqueous solubility 
and skin permeability, QPlogKp and QPlogS. The 
theoretical estimate obtained by applying mole-
cules that can be drugs with this parameter to the 
skin are numerical values (Table VI) [72].

For the anti-oxidant calculations of the mole-
cule, removal of hydrogen from the OH bond in 
the molecule was done. The carpachromene mol-
ecule has 2 OH bonds. One is oxygen atom 24 and 
the other is oxygen atom 8. The numerical value 
of BDE for the OH bond of the carpachromene 
molecule is a parameter related to the HAT mech-
anism. The molecule with the numerical value of 
the smaller BDE parameter was found to have 
higher radical-scavenging activity.

In the first step of the SET-PT mechanism, the 
IP value of the carpachromene molecule is cal-
culated. If a  molecule has a  lower IP value, it is 
known that the molecule has a higher ability to 
give electrons. In the second step of the SET-PT 
mechanism, PDE values are calculated. If a mole-
cule has a lower PDE value, this means an easier 
reaction. Finally, the SPLET mechanism consists of 
two stages. In the first stage, the PA parameter 
is calculated. If a molecule has a lower PA value, 
it indicates that the molecule has a  higher pro-
ton affinity. In the second stage of SPLET, the ETE 
parameter is calculated. If a molecule has a lower 
ETE value, that molecule indicates an easier reac-
tion [71, 72].

The parameters of all calculated anti-oxidant 
properties are given in Table VI. The parameters 
given in this table are calculated both in gas phase 
and water phase. The calculations were made for 
two O-H bonds, but different positions were more 
active in both phases. The main reason for this is 
that the solvent affects the stability of the formed 
phenolate anion [72].

As a result of the calculations made, spin den-
sities were calculated to examine the charge den-
sity of the molecules. Spin density values of the 
molecule are given above the atoms in Figure 7. 
The lower spin density shown on the atoms in the 
molecule indicates greater delocalization. Conse-
quently, higher delocalization means easier radi-
cal formation. Being more radical as a result of all 

Table V. ADME properties of molecule

Variable Carpachromene Reference range

Mol_MW 336 130–725

Dipole (D) 5.55 1.0–12.5

SASA 606 300–1000

FOSA 149 0–750

FISA 138 7–330

PISA 319 0–450

WPSA 0 0–175

Volume (A3) 1049 500–2000

DonorHB 1 0–6

AccptHB 3.75 2.0–20.0

Glob (Sphere 
=1)

0.82 0.75–0.95

QPpolrz (A3) 37.60 13.0–70.0

QPlogPC16 11.38 4.0–18.0

QPlogPoct 16.43 8.0–35.0

QPlogPw 9.00 4.0–45.0

QPlogPo/w 3.69 –2.0–6.5

QPlogS –5.62 –6.5–0.5

CIQPlogS –5.68 –6.5–0.5

QPlogHERG –5.89 (corcern below –5)

QPPCaco (nm/
sec)

488 *

QPlogBB –0.91 –3.0–1.2

QPPMDCK 
(nm/sec)

228 *

QPlogKp –2.75 Kp in cm/h

IP (ev) 9.28 7.9–10.5

EA (eV) 0.65 –0.9–1.7

#metab 2 1–8

QPlogKhsa 0.66 –1.5–1.5

Human Oral 
Absorption

3 –

Percent 
Human Oral 
Absorption

97 **

PSA 85 7–200

RuleOfFive 0 Maximum is 4

RuleOfThree 0 Maximum is 3

Jm 0.00 –

*< 25 is poor and > 500 is great, **< 25% is poor and > 80% is high.

pamine and serotonin CNS are negative because 
they are molecules that are too polar to cross the 
blood-brain barrier. Another parameter is #me-
tab, which is the number of likely metabolic reac-
tions. Another parameter is PSA, which is Van der 
Waals surface area of polar nitrogen and oxygen 
atoms [70].

The two most important parameters among 
all ADME/T parameters are RuleOfFive [71] and 
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these situations affects the stability of the radical 
and causes the formation of more stable radicals.

In conclusion, biological activities of the carpa-
chromene molecule against many enzymes were 
compared in molecular docking and anti-oxidant 
properties. Many parameters were obtained for 
the biological activity of the carpachromene mol-
ecule against enzymes. Afterwards, ADME/T anal-
ysis of this molecule was done. The ability of the 
carpachromene molecule to be used as a drug in 
the future was examined. These studies will be 
a great guide for future in vivo and in vitro stud-
ies. Finally, the anti-oxidant properties of the car-
pachromene molecule were examined. Necessary 
parameters for radical activity were collected. 

Carpachromene was also assessed in biological 
applications such as radical scavenging, cytotox-
icity, and anticancer (adenocarcinoma) activities. 
Carpachromene exhibited good antioxidant prop-
erties, even better than the reference standard 
molecule. It also showed significant cytotoxic ac-
tivities against the common human ovarian can-
cer cell line SW 626. 
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