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Abstract: Although androgens have been reported to induce apoptosis in cancer cells, there are
few studies concerning with cytotoxic e�ects of nandrolone on human gastric (AGS) and colon
(HCT) cancer cells. We evaluated the e�ects of nandrolone on apoptosis, iNOS, and MMP-9
expression level, and caspase-3, -8 and -9 activity in AGS and HCT cells. HCT and AGS cells
were divided into control group and groups treated with 0.625 mg/ml, 1.25 mg/ml, 2.5 mg/ml, 5
mg/ml and 10 mg/ml of nandrolone. Cytotoxicity was measured using MTT assay method. Flow
cytometry was used to evaluate the apoptotic pathway occurred in cells. The expression levels of
iNOS and MMP-9 genes were evaluated using real-time PCR, and caspases activity was measured
by colorimetric method. Data were analyzed using ANOVA and independent t-test. Cell viability
signi�cantly decreased in AGS and HCT cells treated with 2.5 mg/ml, 5 mg/ml and 10 mg/ml
of nandrolone. Treatment with the e�ective concentration of nandrolone (5.99 mg/ml) induced
apoptosis in AGS and HCT cells and did not signi�cantly alter the expression levels of iNOS and
MMP-9 in AGS cells, however, led to signi�cant decrease in iNOS and MMP-9 expression levels
in HCT cells. Activity levels of caspase-3, -8 and -9 signi�cantly increased in AGS and HCT cells
treated with the e�ective concentration of nandrolone. Higher concentration of nandrolone had
signi�cant cytotoxic e�ect and apoptotic pathway in AGS and HCT cells mediated by intrinsic and
extrinsic pathways. It migth also decrease the invasion and metastasis capability of colon cancer
cells.
Keywords: Nandrolone; AGS; HCT; Apoptosis; MMP-9; iNOS.
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1 Introduction

Anabolic androgenic steroids are one of the largest synthetic derivatives of testosterone pro-
duced to increase anabolic e�ects and reduce androgenic e�ects. Nandrolone or 19-nortestosterone
is in class II of the anabolic androgenic steroid groups (Patan�e et al., 2020). Nandrolone has
been used for the treatment of various diseases such as hypogonadism, anemia, kidney and hepatic
failure, osteoporosis, burns, malnutrition, Cachexia, AIDS and metastatic breast cancer (Jur�a�sek
et al., 2015; Patan�e et al., 2020). Recently, the use of sex steroids in the treatment of cancers,
especially gastrointestinal cancers such as gastric and colon cancers, has been considered by many
researchers. Gastric cancer ranks �fth among the most common cancers and the third leading
cause of cancer death worldwide. Various factors such as old age, male gender, ethnicity, genet-
ics, nutrition, smoking, alcohol consumption and Helicobacter pylori infection are involved in the
development of gastric cancer (Poorolajal et al., 2020). The gastric mucosa is composed of cylin-
drical epithelial cells and glands. In�ammation causes gastritis, which leads to stomach ulcers and
eventually stomach cancer (Rawla and Barsouk, 2019). Colon cancer is a serious type of gastroin-
testinal cancer that has a high prevalence and mortality in developed countries. It is the third
leading cause of cancer in men and women in the United States. Colon cancer ranks third among
the most common and fourth most deadly among cancers worldwide (Pacal et al., 2020).

Colon and stomach cancers have been reported to cause a very high mortality rate. Recent
studies have shown that steroid hormones, especially estradiol, progesterone and testosterone, can
stimulate or inhibit the proliferation of cancer cells. They can also play a role in preventing or
stimulating metastasis in cancer cells (Simoes et al., 2015; Chen et al., 2015). The results of pre-
vious studies demonstrated that testosterone in cell culture medium reduces the viability of colon
cancer (HT-29) cells (e.g., Farahmandlou et al., 2017). In a study that examined the e�ect of
testosterone on the proliferation of AGS cancer cells, was shown that high concentrations of this
hormone have an inhibitory e�ect on the proliferation of AGS cancer cells (Amani et al., 2019).
Research has revealed that 19-nortestosterone analog 1 (nandrolone) has potent antiproliferative
e�ects on cervical cancer cells (Kampa et al., 2008). In contrast, it has been reported that an-
drogens can be a contributing factor in certain cancers including prostate cancer development by
stimulating growth in the target organ (Dai et al., 1981). On the other hand, the results of some
other studies indicated that androgenic steroids play a role in apoptosis of various cancer cells. Re-
search has shown that testosterone has anti-proliferative and pro-apoptotic e�ects on endometrial
cancer cells (Di Wu and Yang, 2020). It has been reported that testosterone induces apoptosis in
lung cancer cells (Tishehyar et al., 2021). Roshan et. al., (2016), showed that testosterone-albumin
compounds are selective for androgen membrane receptors (mARs) that cause apoptosis in colon
cancer cells. In contrast, Kimura et al., (2001)reported that androgens protect cancer cells against
apoptosis caused by various stimuli.

Inducible nitric oxide synthase (iNOS) and matrix metallopeptidase -9 (MMP-9) are expressed
in many human tumors and are also involved in tumor growth, metastasis and malignancy in
many cancer cells (Chen et al., 2004; Ala-aho et al., 2005). iNOS can induce angiogenesis in
gastric tumors (Chen et al., 2004; Wang et al., 2005). It has also been shown that the addition
of apocynin with testosterone is e�ective in inhibiting iNOS activity (Juliet et al., 2004). The
�ndings showed that there was an association between increased expression level of MMP-9 and
malignancy in colorectal cancer (Langenski�old et al., 2005). Increased levels of MMP-9 in tumor
tissue may be associated with the progression of colorectal tumors (De Clerck et al., 1994). The
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results showed that testosterone signi�cantly reduced the expression level of MMP-9 in HCT colon
cancer cells, but did not change in AGS cells exposed to the cytotoxic dose of testosterone (Amani
et al., 2021). In contrast, the use of synthetic MMPS (Matrix metalloproteinase) inhibitors in
clinical studies has been shown to reduce the progression of cancer and metastasis (Sang, 1998).

Androgenic steroids can a�ect both intrinsic and extrinsic pathways of apoptosis in di�erent
cancer cells mediated by caspase cascade. It has been shown that testosterone increases the
activity of caspase-3 in prostate cancer cells and can have an anti-tumor e�ect in prostate cancer
(Papadopoulou et al., 2008). One study showed that testosterone increased caspase-9 and -3
activitiy in AGS cell line but had no e�ect on caspase-8 activity (Amani et al., 2019).The e�ect
of 5 models of 17-19-nortestosterones (Chen et al., 2015; Poorolajal et al., 2020) on cancer cells
including ovarian cancer, cervical cancer, multicellular breast cancer cell lines showed that caspase-
3 and -9 activity signi�cantly increased, however, there was not signi�cant change in the activity
level of caspase-8 (Gyovai et al., 2018).

Previous studies on the e�ects of anabolic androgenic steroids on various cancers are in many
cases contradictory (Kampa et al., 2008; Dai et al., 1981; Gyovai et al., 2018). The studies have
mainly focused on the e�ects of sex steroids on cancer cells and few research has been carried out
to investigate the apoptotic e�ects of testosterone derivatives such as nandrolone on cancer cells.
There is also insu�cient information and reports concerning with the mechanism of apoptotic
action of nandrolone on cancer cell lines. Therefore, the present study aimed to investigate the
apoptotic e�ect of nandrolone on human gastric (AGS) and colon (HCT) cancer cells and evaluation
of iNOS, MMP9 expression level, and caspase-3, -8 and- 9 activity.

2 Materials and Methods

2.1. Nandrolone:

Nandrolone was obtained from Abu Reyhan Pharmaceutical Company (Tehran-Iran) and dis-
solved in DMSO, toyeen and phosphate bu�er saline (PBS). The preparation was carried out
according to our previous studies (Amani et al., 2019) to produce di�erent concentrations (0.625,
1.25, 2.5, 5 and 10) mg/ml of the hormone.

2.2. Cell culture:

Human gastric cancer (AGS) and colon cancer (HCT) cell lines were obtained from National Cell
Bank of Iran (Pasteur Institute, Tehran, Iran). The cells were cultured in DMEM supplemented
with 10 % Fetal Bovine Serum (FBS) and 1 % antibiotics (Penicillin/Streptomycin). Cells were
then cultured in incubator (37 °C, 5 % CO2 atmosphere).

2.3. MTT assay test:

MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-nyltetrazolium bromide] assay was performed for
assessing viability of AGS and HCT cells exposed to 0.625 mg/ml, 1.25 mg/ml, 2.5 mg/ml, 5
mg/ml and 10 mg/ml of nandrolone for 24 h treatment. Cells were seeded in 96-well plates with
1 Ö 104 cells/well and placed at in a 5 % CO2 humidi�ed incubator until 70-80 % con�uency.
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The complete growth medium was removed, and the cells were serum-starved for 24 h prior to
treatment. Cells incubated in culture medium alone (untreated cells) served as control group. In
experimental groups, the cells were treated with 0.625 mg/ml, 1.25 mg/ml, 2.5 mg/ml, 5 mg/ml
and 10 mg/ml of nandrolone for 24 h. The medium was then removed and 100 µL of MTT solution
was added to each well, and the plates were incubated for 4 h. The MTT solution was removed and
100 µL aliquots of dimethyl sulfoxide (DMSO) were added to each well to dissolve the formazan
crystals followed by incubation for 20 min. Treatments were performed in eight replicates, the
absorbance of the resultant solution was calculated by a microplate reader (Bio-Rad, Hercules,
CA) at wavelength of 570 nm. Cell viability was calculated as follows:

[Optical density (OD) of the sample/OD of the control] Ö 100 (Farahmandlou et al., 2017).

2.4. Apoptosis analysis by �ow cytometry:

Apoptosis was assessed by �ow cytometry using an annexin V-FITC apoptosis detection kit
(Biolegend, USA), according to the manufacturer's instructions. Brie�y, AGS and HCT cells (3
Ö 106 cells/well) were treated with e�ective concentration (5.99 mg/ml) of nandrolone. After 24
h cells were gently trypsinized, washed once with serum-containing the medium and re-suspended
in 100 µL of binding bu�er. Then, 5 µL of annexin V-FITC and 5 µL of propidium iodide were
added. Following incubation at room temperature for 15 min in the dark, annexin V-FITC binding
and propidium iodide staining were analyzed by �ow cytometer (BD Falcon, USA) using the FITC
signal detector (FL1) and phycoerythrin emission signal detector (FL3)(Jamalzadeh et al., 2017).

2.5. Real-time-PCR:

Cells were seeded into 6-well plates (5 Ö 105 cells/well) and incubated for 24 h. The cells
were then exposed to e�ective concentration of nandrolone (5.99 mg/ml) and incubated for an
additional 24 h. Total RNA was extracted from the cells by using RNA extraction kit (Trans-
gen Biotech ER101-01, China), and reverse transcribed with the EasyScript® First-Strand cDNA
Synthesis SuperMix Kit (Transgen Biotech AE301-02, China). The real-time experiments were
conducted on the CFX96 real-time PCR system (Bio-Rad) by using the SYBR® Premix Ex
Taq� (TaKaRa). The primers for iNOS were 5'-GTGCCCTGCTTTGTGCG-3' (forward) and 5'-
TCCTCCTGGTAGATGTGGTCCT-3' (reverse). The primers for MMP-9 were 5'-GGCGTCGTG
GTTCCAACT-3' (forward) and 5'-CGGTCGTCGGTGTCGTAGT-3' (reverse). The primers for
GAPDH, serving as the normalization controls, were 5'-CCCACTCCTCCACCTTTGAC-3' (for-
ward) and 5'-CATACCAGGAAATGAGCTTGACAA-3' (reverse). The 2∆∆Ct method was used
to evaluate the relative gene expression. The e�ective concentration was calculated as follows:

Y = a*X + b, IC50 = (0.5-b)/ a (Zheng et al., 2017).

2.6. Caspase activity measurements:

In order to detect whether the nandrolone induce programmed cell death, the activity of
caspase-3, -8 and -9 was determined by a colorimetric assay kit (Abnova, Taiwan) according to
the manufacturer's instructions. AGS and HCT cells (3 Ö 106 cells/well) were treated with e�ec-
tive concentration of nandrolone (5.99 mg/ml) for 24 h. Following the treatment, the cells were
harvested and the enzyme activities were determined by means of colorimetric assays mentioned
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above (Gyovai et al., 2018). Concisely cells were washed with ice-cold PBS and lysed with 50 µL
of chilled cell lysis bu�er and incubated on ice for 10 minutes. Following centrifugation for 1 min
at 10,000 g, then the supernatant (cytosolic extract) was transferred to a fresh tube and put on ice
for immediate assay. By Bradford method, the protein concentration of the supernatant was eval-
uated and 200 µg of protein was then diluted to 50 µl of cell lysis bu�er in each assay. In addition,
50 µL of 2X reaction bu�er (containing 0.5 µl DTT) was added to each sample followed by adding
5 µl of the 4 mM DEVD-pNA ,4 mM IETD-pNA, and 4 mM LEHD-pNA substrate to assess the
activity levels of caspase-3, -8 and -9, respectively. The samples were then incubated for 2 h at 37
°C and then read using the ELISA microplate reader (BioTek, USA) at 405 nm wavelength of each
sample.The change in caspases-3,-8, and -9 activities involved in the apoptosis were determined by
comparing these results with the level of the uninduced control Caspase Activity = (Absorbance

sample- Absorbance blank)/(Absorbance Control) × 100 (Jamalzadeh et al., 2017).

2.7. Statistical Analysis:

Data analysis was performed with SPSS software (version 21.0; SPSS, Chicago, IL, USA).
Di�erences between cell viability in groups were tested using one-way analysis of variance (ANOVA)
followed by Tukey's multiple comparison post-hoc test. Independent samples t-test was used to
detect di�erences in gene expression and caspase activity between experimental and control groups.
All experiments were performed thrice. All data were expressed as the mean ± standard deviation
(S.D.). Value di�erences were considered signi�cant if the P value is < 0.05.

3 Results and Discussions

The cytotoxic e�ect of nandrolone on AGS and HCT cell lines was assessed using MTT assay
with 3 replications to determine cell viability. Data on evaluation of iNOS and MMP-9 gene
expressions in AGS and HCT cancer cells in the presence of e�ective concentration of nandrolone
(5.99 mg/ml) were obtained using real time PCR. Data were obtained with 3 replications by
measurement of caspase-3, -8 and -9 activity levels, and evaluating of internal, external and necrotic
apoptosis using cytometry test in AGS and HCT cancer cells treated with e�ective concentration
of nandrolone (5.99 mg/ml).

3.1. E�ect of nandrolone on AGS and HCT cells viability:

The results of MTT test showed that treatment with 0.625 mg/ml of nandrolone resulted
in signi�cant increase and 2.5 mg/ml, 5 mg/ml and 10 mg/ml of nandrolone led to signi�cant
decrease in viability of AGS cells compared to control group (Figure 1).Viability of HCT cell
line did not alter signi�cantly when treated within 0.625 mg/ml and 1.25 mg/ml of nandrolone,
however, signi�cantly decreased when treated with 2.5,5 and 10 mg/ml of nandrolone compared
the control group (Figure 2).
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Figure 1: Viability of AGS cells treated with
0.625, 1.25 mg/ml, 2.5 mg/ml, 5 mg/ml
and 10 mg/ml of nandrolone. * indicates
signi�cant di�erence compared with control,
and groups treated with 0.625 mg/ml, 1.25
mg/ml, 2.5 mg/ml, 5 and 10 mg/ml of nan-
drolone (**: P<0.01, ***: P<0.001)

Figure 2: Viability of HCT cells treated
with 0.625 mg/ml, 1.25 mg/ml, 2.5 mg/ml,
5 mg/ml and 10 mg/ml of nandrolone.* in-
dicates signi�cant di�erence compared with
control, and groups treated with 0.625
mg/ml, 1.25 mg/ml, 2.5 mg/ml, 5 mg/ml
and 10 mg/ml of nandrolone (**: P<0.01,
***: P<0.001).

3.2. To determine AGS and HCT cells apoptosis by �ow ctometry:

The results of �ow cytometry test showed that almost no apoptosis occurred in the control group
of AGS and HCT cells (Figures: 3 and 4 (3a & 4a)), however, a signi�cant increase in primary
and secondary apoptosis and a signi�cant decrease in viable cells were observed in AGS and HCT
cells treated with e�ective dose of nandrolone (5.99 mg/ml). Cell population analysis had di�erent
population sets as shown in Figures 3 and 4 (3b & 4b). Annexin V + and propidium iodide-negative
cells increased signi�cantly by the treatment of AGS and HCT cells with e�ective dose (5.99 mg/ml)
of nandrolone compared to control group, indicating the translocation of phosphatidyl serine, an
early event of the apoptotic process. The percentage of necrotic cell death was almost ignorable
in control and treated groups (Figures: 3 and 4 (3c & 4c)).
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Figure 3: Necrosis, early and late apoptosis
in AGS cell line induced by nandrolone (5.99
mg/ml): Q1: Necrosis; Q2: Late Apoptosis;
Q3: Early Apoptosis; Q4: Viable cells. (3a)
Control AGS cells; (3b) AGS cells treated
with nandrolone. (3c) Q1, Q2, Q3 and
Q4 phases in control and treated AGS cells.
The analysis was done by FACSDiva Version
6.1.3. * and *** represent signi�cant di�er-
ence compared to control group (*: P<0.05,
***: P<0.001).

Figure 4: Necrosis, early and late apoptosis
in HCT cell line induced by nandrolone (5.99
mg/ml): Q1: Necrosis; Q2: Late Apoptosis;
Q3: Early Apoptosis; Q4: Viable cells. (4a)
Control HCT cells; (4b) HCT cells treated
with nandrolone. (4c) Q1, Q2, Q3 and Q4
phases in control and treated HCT cells.
The analysis was done by FACSDiva Version
6.1.3. *** represent signi�cant di�erence
compared to control group (***: P<0.001).

3.3. E�ect of nandrolone on expression of iNOS and MMP-9 genes:

Real-time PCR data showed that the relative expression levels of iNOS and MMP-9 were
not signi�cantly di�erent from the control group found in AGS cells treated with e�ective dose
of nandrolone (5.99 mg/ml), but signi�cantly reduced in HCT cells treated with 5.99 mg/ml of
nandrolone compared to control group (Figures: 5 and 6).
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Figure 5: Relative quantitative expression
(RQ) of iNOS in AGS and HCT cells treated
with e�ective concentration of nandrolone
compared to control group. * represents sig-
ni�cant di�erence (*: P<0.05) compared to
control group.

Figure 6: Relative quantitative expression
(RQ) of MMP-9 in AGS and HCT cells
treated with e�ective concentration of nan-
drolone (5.99 mg/ml) compared to control
group. * represents signi�cant di�erence (**:
P<0.01) compared to control group.

3.4. E�ect of nandrolone on caspase-3, -8 and -9 activity level:

The results of caspase test showed that the e�ective concentration at 5.99 mg / ml of nandrolone
caused a signi�cant increase in caspase-3, -8 and -9 activity in both AGS and HCT cell lines
compared to the control groups (P<0.001, P<0.01, P<0.001, respectively) (Figures: 7 and 8).
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Figure 7: Activity level of caspase-3, -8 and
-9 in AGS cells treated with e�ective con-
centration (5.99 mg/ml) of nandrolone com-
pared to control group.* represents signif-
icant di�erence compared to control group
(**: P<0.01, ***: P<0.001).

Figure 8: Activity levels of caspase-3, -8 and
-9 in HCT cells treated with e�ective con-
centration (5.99 mg/ml) of nandrolone com-
pared to control group.* represents signif-
icant di�erence compared to control group
(**: P<0.01, ***: P<0.001).

Although the studies have shown that anabolic androgenic steroids can a�ect cell viability
in various cancer cells (Dai et al., 1981; Kampa et al., 2008; Gyovai et al., 2018), a few studies
have been performed to report the apoptotic e�ects of anabolic androgenic steroids, especially
nandrolone, on cancer cells according to which the present study examined the cytotoxic and
apoptotic e�ects of nandrolone on gastric and colon cancer cells to reveal whether nandrolone is
involved in colon and gastric cancer cells proliferation and apoptosis in vitro.

3.5. The cytotoxic and apoptotic e�ects of nandrolone on AGS and HCT cancer

cells:

The results of this study showed that 2.5 mg/ml, 5 mg/ml and 10 mg/ml of nandrolone have
a signi�cant cytotoxic e�ect on AGS and HCT cancer cells. In line with this �nding, research has
shown that anabolic androgenic steroids, which are synthetic derivatives of testosterone, can be
e�ective in inhibiting the proliferation of various cancer cells ( Ajdukovi�c et al., 2013; Di Wu and
Yang, 2020). It has been reported that androstane analogues have signi�cant anti-proliferative ac-
tion against a wide range of cancer cell lines including prostate, breast, cervical, ovarian, leukemia,
melanoma, colon and gastric cancers (Ajdukovi�c et al., 2015; Jakimov et al., 2015). Testosterone
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has also inhibitory e�ects on the proliferation of various cancer cells, including breast cancer cells
(Glaser and Dimitrakakis, 2015). The results of a study showed that high concentrations of testos-
terone had an inhibitory e�ect on the proliferation of AGS cancer cells (Amani et al., 2019).
Research has shown that high concentrations of nandrolone agonists inhibit the proliferation of
colon cancer cells (Verzola et al., 2004). Nandrolone has been also reported to have potent antipro-
liferative e�ects on cancer cell lines including cervical cancer cells (Kampa et al., 2008). However,
by contrast, research has shown that elevated plasma androgen levels are associated with a higher
risk of developing certain cancer cells in vivo (Ørsted et al., 2014). We have also shown that the
e�ective concentration of nandrolone (5.99 mg/ml) induces primary and secondary apoptosis in
both AGS and HCT cell lines. In line with the results of our study it has been reported that
testosterone has pro-apoptotic e�ects on prostate and colon cancer cells (Anagnostopoulou et al.,
2013). Testosterone also induces apoptosis in colon cancer cells by regulating PI3K/Rac1 signaling
(Alkahtani, 2013). The results of a study showed that testosterone reduces the incidence of colon
cancer by regulating the process of apoptosis (Gu et al., 2011). In contrast, a research suggests the
protective role of androgens in cancer cells against apoptosis caused by various stimuli (Kimura et
al., 2001).

3.6. The e�ects of nandrolone on iNOS expression level in AGS and HCT cells:

Our �ndings showed that the expression level of iNOS was not signi�cantly alter in AGS
cells, but signi�cantly reduced in HCT cells treated with e�ective dose of nandrolone. Despite
research carried out in vivo and in vitro to elucidate the e�ects of male sex steroid hormones
on iNOS expression level in cancer cells, association of male sex steroid hormones with iNOS
activity is still unclear. iNOS functions to produce nitric oxide (NO) (Alderton et al., 2001).
Previous studies have shown that sex steroid hormones are involved in the expression of iNOS
and NO production in breast cancer cells (Bentrari et al., 2005). Indeed, testosterone regulates
the synthesis of nitric oxide synthase (NOS) and therefore is an important modulator in the
production of nitric oxide (Zvara et al., 1995; Blute et al., 2009). By contrast, the results of a
study showed that testosterone did not cause a signi�cant change in iNOS gene expression level in
gastric and colon cancer cells (Amani et al., 2021). However, testosterone progenitors have been
reported to increase NOS expression and NO level in breast and ovarian cancer cells, respectively
(Pance, 2006; Maleki et al., 2015). Intra-tumor iNOS activity promotes the growth of cancer cells
including prostate cancer cells (Cronauer et al., 2007), however, high concentrations of NO suppress
the protective e�ects of testosterone progenitors in human colon adenocarcinoma cells (Marino et
al., 2006). iNOS also plays an important role in the expression and activity of VEGF (Vascular
endothelial growth factor). VEGF and iNOS are associated with pathological features of gastric
cancer such as invasion, lymphatic metastasis or hematogen, MVD (Microvessel density) increases
iNOS expression level and VEGF expression. As a result, iNOS and VEGF can induce angiogenesis
in gastric tumors (Chen et al., 2004; Wang et al., 2005) and nandrolone may stand against it by
reducing iNOS expression level. Further research is needed to reveal the exact mechanism of action
behind the nandrolone e�ect on colon cancer tumors in vivo.

3.7. The e�ects of nandrolone on MMP-9 expression in AGS and HCT cells:

AGS cells showed no signi�cant alteration in MMP9 expression, however, the expression level
of MMP9 decreased in HCT cells treated with e�ective dose of nandrolone. Association between
MMP9 and cancer development has been reported showing that MMPs have a signi�cant role in
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development and maintaining of tumors (Di Carlo et al., 2005). In line with our �ndings, it has
been shown a link between androgens and expression of MMPs in certain cancer cells (Gonzalez
et al., 2008; Morales-V�asquez et al., 2020). Androgen progenitors can modulate the activity of
MMP-2/MMP-9 in vitro in breast cancer cells (Nilsson et al., 2007). Testosterone progenitors
can also have anticancer properties by inhibiting the expression level of MMP-9 in colon cancer
cells (Hsu et al., 2011; Grybos and Bar, 2014). In contrast to our �ndings, testosterone has been
reported to increase the activity level of MMP enzymes in prostate hyperplasia (Mu�noz et al.,
2015). Increased MMP-9 activity is also one of the most important factors in liver metastasis due
to colorectal cancer (Liabakk et al., 1996).

3.8. The e�ects of nandrolone on caspase-3, -8 and -9 activity in AGS and HCT

cells:

The e�ective concentration (5.99 mg/ml) of nandrolone caused a signi�cant increase in caspase-
3, -8 and -9 activity in both AGS and HCT cells. Consistent with our �ndings, the results of a
study showed that testosterone in high concentrations stimulates the apoptotic pathway through
cytosolic receptors (Verzola et al., 2004) and increasing the activation of caspase-3 and caspase-8
in colorectal cancer cells (Sasso et al., 2019). Another study has also shown that testosterone
progenitors can increase caspase-3 and -9 activity in HCT116 cell carcinoma cell line, leading to
increased apoptosis (Jin et al., 2017). It has been also reported that testosterone and cortisol
increase the activity of caspases -8 and -9 in colon cancer cells (Amani et al., 2019). In 2018,
a study by Giovai and others which examined the e�ects of 5 models of 17-19-nortestosterones
(Chen et al., 2015; Poorolajal et al., 2020) on several cancer cell lines, showed that caspase-3 and
-9 activity increased in a concentration-dependent manner, while no change in caspase-8 activity
was observed (Gyovai et al., 2018). In contrast, androgens have been reported to inhibit apoptosis
and reduce caspase activity in human prostate adenocarcinoma LNCaP cells (Rokhlin et al., 2005).

The possible mechanism of action of nandrolone on apoptosis in AGS and HCT cancer cells
appears to be that anabolic androgenic steroids (AAS) induce apoptosis in many di�erent cancer
cells and increase caspase activity in both intrinsic and extrinsic apoptotic pathways (Jin et al.,
2017; Gyovai et al., 2018; Sasso et al., 2019). Therefore, in the present study, nandrolone probably
increased the activity of caspases-3,-8 and -9 in both cell lines by a�ecting both external and
internal apoptotic pathways in gastric and colon cancer cells. However, more research is needed
to determine how nandrolone a�ects the expression of apoptotic genes, as well as factors a�ecting
the expression of metastatic genes and enzymes involved in cancer progression.

4 Conclusion

Overall, the results of the present study show that nandrolone can have cytotoxic e�ects in high
concentrations on AGS and HCT cell lines. The e�ective concentration of nandrolone causes
primary and secondary apoptosis in both AGS and HCT cells and decreases growth and metastasis
in HCT cells in vitro. Nandrolone has a capability to induce external and internal apoptosis
pathways in AGS and HCT cells by increasing the activity levels of caspases-3, -8 and -9. More in
vitro and in vivo experimental and clinical research are needed to elucidate the e�ects of nandrolone
on colon and gastric tumors development.
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