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ABSTRACT: Melatonin (MLT) is a hormone that is secreted from pineal gland and regulates the circadian rhythm. It is 
reported to have anticancer effects in hormone dependent breast cancer via endocrine modulation, namely by 
antagonising the estrogen receptor (ER) or by inhibiting aromatase enzyme. However, its use is restricted because of its 
short half-life and poor bioavailability. Therefore, indole derived MLT analogues were synthesized previously, and they 
were shown to have potential antioxidant and anticancer effects. The present research is aimed to investigate the 
potential of MLT and its two newly synthesized analogues (M6 and M20) on steroidogenesis pathway by using an 
OECD validated in vitro method, H295R steroidogenesis assay (TG-456 test guideline). The compounds were incubated 
with H295R, human adenocarcinoma cells, for 48 hours and the hormone levels (testosterone; T and estradiol; E2) were 
detected by LC-MS/MS. The partial validation of the method was performed by using reference compounds forskolin, 
prochloraz, letrozole and ketoconazole. MLT decreased both E2 and T levels and its effect on E2 levels were dose 
dependent. On the other hand, M6 and M20 showed biphasic effects on both hormone levels. None of the compounds 
decreased H295R cell viability. These results demonstrate that depending on the use and the dose of these melatonin 
analogues, their potential effects on hormone production can result either in a therapeutical effect (such as anticancer 
agent) or a non-targeted endocrine related adverse effect when used as a pharmaceutical. 

KEYWORDS: Steroidogenesis; melatonin analogues; therapeutical effect; endocrine related adverse effect; LC-MS/MS. 

 1.  INTRODUCTION 

Melatonin (MLT) is a hormone that carries an indole ring and is majorly secreted from the pineal gland. 
Besides, MLT synthesis also takes place in the retina, thymus, bone marrow, skin, and gastrointestinal tract. 
The main role of MLT is the regulation of circadian rhythm physiologically [1]. The use of MLT in the treatment 
of some pathological conditions such as sleep disorders, jetlag, depression, diabetes, some hormone-
dependent cancers and neurodegenerative diseases is reported to be beneficial [2]. Moreover, it is reported to 
have anti-cancer effect in various tumor types, especially estrogen receptor positive (ER +) breast cancer [3,4] 
through various mechanisms [5-7]. Its anticancer effect in estrogen dependent breast cancer was suggested to 
result from either its ER antagonist [8] or aromatase inhibitory effect [9,10]. As a result of both effects estrogen 
synthesis is inhibited and/or estrogen triggered physiological processes such as proliferation of ER (+) breast 
cancer cells are decreased. However, there are some disadvantages in using this molecule as a drug; its short 
half-life, rapid metabolic inactivation, and poor bioavailability [11]. Hereby, new indole derived MLT 
analogues were synthesized by our group and by others [12,13]. In our previous studies our group has 
synthesized and evaluated antioxidant and chemopreventive effects of some novel MLT analogues [14,15]. 
Among many others, M6, 2-methyl-1-H-indole-3-carboxyaldehyde(4-chlorophenyl) hydrazone, was found to 
inhibit aromatase potently with IC50 of 8.6 × 10-6 [13].  
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Aromatase is the key enzyme located in the last step of steroidogenesis pathway and it catalyses the 
biosynthesis of estrogens from androgenic steroid hormones. Beside aromatase, many enzymes located in 
previous steps of steroidogenesis can also be therapeutical targets in the treatment of ER (+) breast cancer.  
Steroidogenesis pathway starts with the cleavage of side chain of the cholesterol by CYP11A and continues 
with conversion of pregnenolone to progesterone [16]. With further reactions catalysed by CYP17, 3β-HSD, 
17β-HSD and CYP19A (aromatase), steroid hormones including testosterone, estrone and 17β-estradiol are 
synthesized [17]. Besides being a therapeutical target in treatment of hormone-dependent breast cancer, 
enzymes involved in steroidogenesis pathway can also be targets in occurrence of endocrine related 
adverse/toxic effects of pharmaceuticals [18,19] /endocrine disrupting chemicals (EDCs) [20,21]. To determine 
the potential EDCs, Organisation for Economic Co-operation and Development (OECD) has developed 5-
stepped test strategy that include in silico approaches and standardized in vitro and in vivo test methods [22]. 
H295R steroidogenesis assay is among the commonly preferred high-throughput in vitro screening test 
methods that can reveal a possible mechanism of action of EDCs which may lead to adverse outcomes via 
disrupting steroid hormone production. H295R is a human adrenocarcinoma cell line that expresses all key 
enzymes and produces all steroid hormones involved in steroidogenesis. Thus, this cell line is the most widely 
used in vitro cellular system to study endocrine-related effects of chemicals on steroid hormone production, 
steroidogenic enzymes, and related gene expression [23].  

Our previous studies showed that MLT and its analogues can inhibit aromatase enzyme involved in the 
last step of the steroidogenesis. Considering that these compounds may also affect the enzymes at first steps 
of the pathway, the present study is aimed to investigate potential inducer or inhibitory effects of MLT and its 
selected analogues (M6 and M20) (Figure 1) on the entire steroidogenesis pathway [42]. M6 (2-methyl-1-H-
indole-3-carboxyaldehyde(4-chlorophenyl) hydrazone) was selected as a potent aromatase inhibitor from our 
previous studies [13], where its dechlorinated analogues M20 (2-methylindole-3-carboxyaldehyde phenyl 
hydrazone) is selected to investigate the effect of halogenation on steroidogenic enzymes. 

 
Figure 1. Chemical structures of MLT and its analogues M6 and M20 [42]. 

2. RESULTS  

2.1. Method validation  

2.1.1. H295R steroidogenesis assay  

Prior to the analysis of the reference and test compounds, the proficiency test of the H295R cell line was 
applied according to the OECD TG-456 test guideline [17]. Data are shown in Table 1. It is demonstrated that 
the method worked successfully according to the performance criteria of the OECD TG-456 test guideline. 

Table 1. Partial validation of H295R steroidogenesis assay. 

  OECD TG-456 QCa plate    Our Laboratory QC plate 

 Basal hormone level 
in SCb 

≥ 2.5 times the LOQc ≥ 46.2 times the LOQ 

Estradiol (E2) Induction (10 µM 
Forskolin) 

≥ 7.5 times the SC ≥ 11.6 times the SC 

 Inhibition (1 µM 
prochloraz) 

≤ 0.5 times the SC ≤ 0 times the SC 

 Basal hormone level 
in SC 

≥ 5 times the LOQ ≥ 16 times the LOQ 

Testosterone (T) Induction (10 µM 
Forskolin) 

≥ 1.5 times the SC ≥ 1.5 times the SC 

http://dx.doi.org/10.29228/jrp.370


Aglamis et al. 
The effects of melatonin and its analogues on steroidogenesis 
pathway 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.373 
J Res Pharm 2023; 27(2): 936-947 

938 

 Inhibition (1 µM 
prochloraz) 

≤ 0.5 times the SC ≤ 0.2 times the SC 

a QC = Quality Control,   
b SC: Solvent Control 
c LOQ: Limit of Quantification 

2.1.2. LC-MS/MS method 

Selectivity - The method was considered as selective since no peaks were observed before and after 
peaks of E2 and T. The chromatographic separation started with E2 in negative mode at 5.80 minute, followed 
by T in positive mode at 5.87 minute (Figure 2).  

 

 

Figure 2. Representative chromatograms of spiked E2 and T (1 ng/ml) in the media. 

Linearity - Calibration curves of the LC–MS/MS method were linear (r2 = 0.968 – 0.996) over a 
concentration range of 0.025–10 ng/ml for E2 and T. 

Limit of Detection (LOD) and Limit of Quantitation (LOQ) - The detection limits (LODs; Signal (S) / 
Noise (N) = 3) were 0.004 ng/ml for E2 and 0.001 ng/ml for T. Additionally, the quantification limits (LOQs; 
S/N = 10) were 0.015 ng/ml for E2 and 0.005 ng/ml for T (Table 2). 

Table 2. Determination coefficients (R2), LOD and LOQ of E2 and T. 

 Correlation 
Coefficients (R2) 

LOD (ng/ml) LOQ (ng/ml) 

Estradiol (E2) 0.996 0.004 0.015 

Testosterone (T) 0.968 0.001 0.005 

 

Precision- T and E2 standards were spiked to the H295R media at both low (0.025 ng/ml) and high 
concentrations (0.1 ng/mL). The precision of the present LC–MS/MS method was acceptable. Between-day 
variations (CV%) were higher than the within-day variations for E2 (Table 3). Besides, within-day variation at 
0.025 ng/ml concentration for T was higher than the between-day variation, however, CV% was unchanged 
in both cases for T at 0.1 ng/ml (Table 4). 

Table 3. Quality control parameters for LC-MS/MS analysis of estradiol measurements assay in H295R cells. 
Two different concentrations of QCs were run in 6 replicates for each within-day and between-day 
repeatability experiments. Coefficient of variation was calculated as division of the standard deviation by 
mean. % Recovery calculated according to the formula given above. n: number of actual readings for each 
QC. 

  Within-day Repeatability (n=6)  Between-day Repeatability (n=6) 

Estradiol (E2) Low 
concentration  
(0.025ng/ml) 

High 
concentration 
(0.10ng/ml) 

Low concentration  
(0.025ng/ml) 

High concentration 
 (0.10ng/ml) 

Average (ng/ml)  0.0252                  0.106         0.0260                0.107 

StDa  0.00098               0.00136         0.0015                0.0021 

%CVb  3.91                      1.28           5.96                2.04  

% Recovery                 74.44                                                                          88.80 
a StD = Standard Deviation,  
b CV = Coefficient of Variation 
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Table 4. Quality control parameters for LC-MS/MS analysis of testosterone measurements assay in H295R cells. 
Two different concentrations of QCs were run in 6 replicates for each within-day and between-day repeatability 
experiments. Coefficient of variation was calculated as division of the standard deviation by mean. % Recovery 
calculated according to the formula given above. n: number of actual readings for each QC. 

  Within-day Repeatability (n=6)  Between-day Repeatability (n=6) 

Testosterone (T) Low 
concentration  
(0.025ng/ml) 

High 
concentration 
(0.10ng/ml) 

Low concentration  
(0.025ng/ml) 

High concentratin 
 (0.10ng/ml) 

Average (ng/ml)  0.0024                  0.105         0.0237                0.103 

StDa  0.0011               0.0024         0.0012                0.0024 

%CVb   6.94                      2.30           5.12                2.33 

% Recovery                 77.27                                                                          80.46 

 
Recovery- Mean recovery data, which express the repeatability of the extraction method, are given in 

Table 3 and Table 4. Recoveries were between 74% and 89% for E2 and T. 

2.2. Effects of references on E2 and T by LC-MS/MS  

Forskolin, as a hormone inducer, increased E2 and T levels with a dose-dependent manner at 0.1-3 µM 
concentrations (Figure 3). As a known inhibitor of steroidogenesis, prochloraz decreased E2 and T levels dose 
dependently when compared to the 1 µM forskolin as control group, which was also added to wells for basal 
hormone induction in H295R cells (Figure 4). 

 

Figure 3. The effects of forskolin on E2 and T levels measured with LC-MS/MS. Bars represent means of three 
independent experiments. *p<0.05, **p<0.01, ***p<0.001. 

 

Figure 4. The effects of prochloraz on E2 and T levels measured with LC-MS/MS. For basal hormone induction 
forskolin 1 µM was added to all wells. Bars represent means of three independent experiments. *p<0.05, **p<0.01, 
***p<0.001. 

In addition to forskolin and prochloraz as reference compounds, the effects of letrozole and 
ketoconazole on E2 and T were also tested, as a known aromatase inhibitor [25], and a general steroidogenesis 
inhibitor [21], respectively. E2 levels could not be detected due to dramatic aromatase enzyme inhibition in 
cells treated with letrozole. Compared to forskolin 1 µM, T levels were decreased by letrozole (Figure 5). 
Moreover, E2 and T levels was under the limit of detection in ketoconazole treated cells since it is known to 
inhibit the entire pathway dramatically (data not shown). 
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Figure 5. The effects of letrozole on E2 and T levels measured with LC-MS/MS. For basal hormone induction 
forskolin 1 µM was added to all wells. Bars represent means of three independent experiments. *p<0.05, 
**p<0.01, ***p<0.001. 

2.3. Effects of melatonin and its analogues on E2 and T by LC-MS/MS  

To induce basal hormone production, forskolin 1 µM was added to the incubation media in the presence 
of all tested compounds. Compared to the control group (1 µM forskolin alone), the level of E2 was decreased 
in cells exposed to MLT (3.3-90 µM) in a concentration-dependent manner (Figure 6A). MLT also caused a 
significant decrease in T production in H295R cells (Figure 7A). M6 reduced E2 level at all concentrations 
(Figure 6B). It showed stronger inhibitory effects at lower (0.01 µM) and higher (0.37, 1.1 and 3.3 µM) 
concentrations. Moreover, M6 reduced T levels at 0.01, 0.37, 1.1 and 3.3 µM (Figure 7B) but increased at 0.4 
and 0.12 µM. These data show that M6 might have a biphasic effect on T production.  

 

Figure 6. The effects of melatonin (A), M6 (B) and M20 (C) on E2 level measured with LC-MS/MS. Bars 
represent means of three independent experiments. *p<0.05, **p<0.01, ***p<0.001. 
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Figure 7. The effects of melatonin (A), M6 (B) and M20 (C) on T level measured with LC-MS/MS. Bars 
represent means of three independent experiments. *p<0.05, **p<0.01, ***p<0.001. 

Compared to forskolin 1 µM, E2 level was decreased with M20 treatment at all tested concentrations 
except 0.12 µM (Figure 6C). The severity of this effect was also dose dependent as in M6. While it caused an 
increase in T level at 0.01 and 0.04 µM concentrations, hormone levels were decreased at higher concentrations 
of M20 (Figure 7C). These results show that this compound can also has biphasic effect on T hormone as in 
M6. 

2.4. Effects of test compounds on cell viability 

As stated in the OECD test guideline of Steroidogenesis Assay, the effects of the compounds on 
hormone levels should not be evaluated if the cell viability is below 80%. Therefore, effects of reference and 
test compounds on H295R cell viability was tested with MTT assay. None of the reference substances 
(forskolin, prochloraz, letrozole and ketoconazole) had cytotoxic effects (data not shown). Among the test 
compounds, MLT did not decrease cell viability below 80% (Figure 8A). Moreover, M6 and M20 increased cell 
viability at all tested concentrations except M20 at 3.3 µM (Figure 8B and 8C).  
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Figure 8. Effects of melatonin (A), M6 (B) and M20 (C) test compounds on cell viability. Bars represent 
means of three independent experiments. *p<0.05, **p<0.01, ***p<0.001. 

3. DISCUSSION 

OECD has been developed and validated H295R steroidogenesis assay to detect the endocrine 
disrupting/modulating effect of chemicals [17]. As H295R cells encode all key enzymes and contain all 
steroidogenesis pathway, the effects of chemicals on enzymes and hormone levels specially E2 and T which 
are the key steroid hormones of reproductive system, can be investigated by this in vitro cell system [23,26]. 
Consequently, the endocrine modulating effects of chemicals not only on aromatase (CYP19) which converts 
T to E2, but also on the other enzymes of the pathway can be determined. In addition, by performing a viability 
assay, it is possible to evaluate whether the decrease in hormone levels is due to the cytotoxic effects of the 
chemicals or not. Use of this high throughput and cost-effective in vitro assay during the drug discovery and 
development process can provide an insight into a possible reproductive toxicity of the candidate compounds 
without any animal use [27]. In case of changes in hormone levels (increase/decrease), this effect of the 
candidate molecules can be reported as a targeted therapeutical (anticancer drugs etc.) or an adverse effect. 

MLT is an endogenous hormone and regulates the circadian rhythm. Generally, it is used as a dietary 
supplement in sleep disorders and jetlag [28]. Furthermore, it has also been found to be effective in diabetes, 
oxidative stress related neurodegenerative diseases and hormone-related breast cancer [2,29]. Anticancer 
effect of MLT in ER (+) breast cancer cells was reported to result from its inhibitory effect on aromatase and 
antagonising effect on ER [30-32]. MLT is reported to exert its antiproliferative effect through MLT receptor 1 
(MT1) and MT2; by increasing the expression of these receptors and activating various signal transduction 
pathways [32]. Because of the short half-life and rapid metabolic inactivation of MLT, new MLT analogues 
have been synthesized and suggested for their beneficial health effects [12,13]. Previously, our group showed 
aromatase inhibitory effects of some novel MLT analogues on MCF7, ER (+) breast cancer cells. In the present 
research, possible effect of these MLT analogues on total steroidogenesis pathway is aimed to be detected by 
using human adrenocarcinoma H295R cells. T and E2 levels, as the end products of the steroidogenesis 
pathway, were measured by LC-MS/MS after performing partial validation of the method by using forskolin 
(as a pathway inducer), prochloraz (as a pathway inhibitor), letrozole (as an aromatase inhibitor) and 
ketoconazole (as a pathway inhibitor) as reference compounds [21,33]. The effects of these reference 
compounds on steroidogenesis (Figure 3, 4 and 5) were confirmed in the present study.  

Blood MLT concentration is reported to be in the range of 10 – 120 pg/ml physiologically depending on 
the time of the day [34]. Therefore, MLT analogues were tested at physiological concentrations and higher 
concentrations to mimic the blood concentrations during dietary supplement usage. MLT decreased E2 and T 
levels and its inhibitory effect on E2 was dose dependent (Figure 6A and 7A). Despite the increased cell 
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viability (Figure 8B), both M6 and M20 decreased E2 levels significantly with a dose dependent manner at all 
tested concentrations except 0.12 µM (Figure 6B and 6C) and exerted biphasic effects on T levels (Figure 7B 
and 7C). These data indicate that both analogues inhibit aromatase enzyme significantly at low concentrations 
(0.01 and 0.04 µM; which are in the range of physiological concentrations) that cause a decrease only on E2 
levels. It can be interpreted that besides aromatase inhibition, M6 and M20 also induce the previous enzymes 
of steroidogenesis pathway at 0.01 and 0.04 µM that cause an increase in T levels at the same time. Moreover, 
these MLT analogues decreased both E2 and T levels at higher tested concentrations (0.37, 1.1 and 3.3 µM) 
which indicate that both compounds inhibit the enzymes in early steps of the steroidogenesis pathway. These 
data demonstrate that as drug candidates the dose selection is essential for these MLT analogues and they may 
disrupt the steroidogenesis pathway with a non-monotonic dose response (NMDR) curve as it is for EDCs and 
natural hormones [35,36]. According to these results, MLT and its analogues (M6 and M20) should be used 
carefully in sleep disorders or oxidative stress related diseases because of their possible endocrine related 
effects, and dose should be adjusted especially for pregnant women as the fetus is known to be vulnerable to 
endocrine modulation. However, their potential endocrine modulating effects, namely inhibition of estrogen 
synthesis, can be used to design and develop potential anticancer drugs for hormone-dependent breast cancer. 

Between numerous heterocyclic molecules, nitrogen-containing heterocycles have been widely 
examined as they establish the essential structures of many pharmacologically related molecules and have 
been observed to be effective against different types of cancers. Since indole is an active molecule, it has been 
a greatly advantaged structure for the target-based approach and progress of anticancer agents. 

Some 3-substituted indole derivatives like M6 and M20 have been established to display significant 
anticancer activities. Suppression of cell proliferation of human colon carcinoma (HT-29), human ovarian 
adenocarcinoma (SK-OV-3), and c-Src kinase activity [37]. Similar indole derivatives were investigated for 
cytotoxic activity against various cancer cell lines. It is significant that indole derivatives substituted on the 
3rd position with aromatic rings (particularly halogen containing) were found that they have significantly 
better activity [38]. These literature findings lead us to the assumption that the two analogous compounds 
used in our study are active due to the aromatic and halogen-containing aromatic rings they carry. Depending 
on our previous studies, especially chlorophenyl side chain containing indole derivative like M20 is more 
substantial [39-41]. Since this is a preliminary study on these molecules, it would be very appropriate to 
synthesize more melatonin analogue molecules for further investigation. 

Although steroidogenesis assay is effective in evaluating effects of chemicals on all steps of the pathway 
this in vitro assay lacks hypothalamus-pituitary-gonad axis and chemicals effecting the pathway via this axis 
cannot be detected [17]. Another limitation of the H295R Steroidogenesis assay is the lack of metabolic capacity 
of the cells which make it impossible to determine the effects of possible active metabolites.  Therefore, these 
drawbacks of the used assay should be kept in mind when interpreting the present data. 

4. CONCLUSION 

In conclusion, MLT and its two analogues, M6 and M20, are shown to interact with the enzymes in the 
early steps of the steroidogenesis pathway and they may have endocrine modulating potential through this 
mode of action. These MLT analogues seem to be promising candidates for prevention and treatment of ER 
(+) breast cancer because of their benefits of decreasing the estrogen levels. On the other hand, such endocrine 
related adverse effects of M6 and M20 should be considered when they are used as antioxidants in diseases 
related to oxidative stress, like neurodegenerative diseases. Further in vitro and in vivo studies should be 
performed to support the adverse endocrine modulating effects of these newly synthesized analogues. 

5. MATERIALS AND METHODS 

5.1. Chemicals 

H95R cell line was purchased from American Type Culture Collection (ATCC). 17β-estradiol, 
Testosterone, Letrozole, Phosphate Buffered Saline and Thiazolyl Blue Tetrazolium bromide were purchased 
from Sigma Aldrich. DMEM/F12 containing L-glutamine without HEPES, Trypsin EDTA 0.25%, Penicillin-
Streptomycin, were purchased from Gibco, Thermo Fisher. ITS premix and Nu Serum were purchased from 
Corning. Diethyl Ether and Methanol were obtained from Merck. Forskolin and Prochloraz were obtained 
from Cayman. Ketoconazole was obtained from Fisher Bioreagents, M6 and M20 compounds were 
synthesized in the previous study [42]. 

5.2. H295R cell culture  
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H295R cell lines were cultured in 75cm2 flasks with 10ml of Dulbecco's modified Eagle medium/Ham: 
F12 (DMEM/F12) without HEPES at 37°C with a 5% CO2 humidified atmosphere. Additionally, cell media 
was supplemented with 2.5% Nu serum, 1% ITS (insulin, transferrin and selenium) + premix and 1% 
penicillin-streptomycin. Cells were passaged at approximately 80% confluency according to the ATCC H295R 
cell line passage protocol [24].  

5.3. H295R steroidogenesis assay 

Cells were seeded at 3 × 105 concentration in 1ml of complete media in 24 well plates and all assays were 
done between passages 5 - 10 as described in OECD test guideline 17. After 24 hours of incubation, reference 
(Forskolin: 0.1, 0.3, 1, 3 µM; Prochloraz: 0.03, 0.1, 0.3, 1 µM; Letrozole: 0.12, 0.36, 1.1, 3.3, 10 µM; Ketoconazole: 
1, 5 µM) and test compounds (Melatonin: 0.3, 1.1, 3.3, 10, 30, 90 µM; M6: 0.01, 0.04, 0.12, 0.37, 1.1, 3.3 µM; M20: 
0.01, 0.04, 0.12, 0.37, 1.1, 3.3 µM) in 0.1% DMSO were added and incubated for 48 hours. As positive control 
groups forskolin 3 µM (steroid hormone inducer) and prochloraz 0.03 µM (steroid hormone inhibitor) was 
used in all assays. For basal steroid hormone induction, forskolin 1 µM was added to each well. Each 
compound was tested in triplicates.  

5.3.1. Measurement of hormone levels by LC-MS/MS method  

LC-MS/MS conditions: LC-MS/MS analysis was carried out on a Shimadzu-8040 triple quadrupole 
mass spectrometer. Ionization was achieved by electrospray ionization (ESI) in positive and negative modes. 
The heat block and GC column temperature was maintained respectively at 400°C and 40°C. Nitrogen was 
used as collision gas. Chromatographic separation was achieved on a InertSustain C18 column (2.1 x 100 mm, 
3 μm particle size). The column temperature was set at 40 °C. Mobile phase A consisted of water with 0.05% 
(v/v) ammonium hydroxide solution (25%), and mobile phase B consisted of methanol with 5% (v/v) 
ammonium hydroxide solution (25%). The flow rate of mobile phase was 0.3 ml per minute. The sample 
injection volume was 10 μl. T and E2 were detected and quantitated by multi-reaction monitoring (MRM). 
Quantifier and qualifier MRM-transitions are listed in Table 5. 

Table 5. Multiple reaction monitoring (MRM) based analytical parameters for T and E2 steroid analytes measured 
in H295R cells, MRM transitions (Quantifier and Qualifier), analyte retention times, ionization for each analyte. 

Analyte               Precursor Q1a/ Q3b (m/z)             Retention Time (min)       Ionization 

Estradiol (E2)       271.1> 145.10/269.1 / 182.9                     5.80                          ESI- 

Testosterone (T)          289.3> 97/109                                    5.87                          ESI+ 

 

5.3.2. Preparation of calibration standards and quality control samples 

Stock solutions of E2 and T (1 × 105 pg/ml) were prepared in H295R media. Eight calibration standard 
samples of E2 and T were prepared at concentrations of 25, 125, 250, 500, 1000, 2500, 5000 and 10000 pg/ml 
diluted with H295R media. Quality control (QC) samples were added at concentrations of 10 µM for forskolin 
and 1 µM for prochloraz to H295R cells. The calibration standards were prepared fresh and QC samples were 
stored at -20°C. 

5.3.3. Sample preparation 

To measure the E2 and T levels in H295R cells, 1ml of medium was collected from each well in 
eppendorf tubes. Hormones were extracted by liquid-liquid extraction method using 2.5 ml of diethyl ether. 
Samples were vortexed for 1 minute and then centrifuged at 1800 ×g. The organic phase was filtered with 
PTFE 0.22 µm membrane and transferred to new tubes and evaporated to dryness under a stream of nitrogen 
gas at 40°C. The samples were stored at -80°C. For hormone analysis residues were reconstituted in 150 µl 
mobile phase B and 10 µl of this sample was injected into the LC-MS/MS system. 

5.4. MTT assay 

After the collection of media for hormone analysis, the MTT assay was performed with cells in 24 well 
plates. Each well was washed with PBS, then complete medium and MTT solution were added in a ratio of 
1:10. After 4 hours of incubation at 37°C with a 5% CO2 atmosphere, the formed formazan crystals in wells 
were dissolved with DMSO and the absorbance was measured in 550 nm using Varioskan Microplate Reader. 
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Cell viability was calculated as described in OECD test guideline [17]. As a positive control group 70% 
methanol was used. 

5.5. Statistical analysis 

The data were analysed using the SPSS 25.0 program. Data were expressed as means ± SD. Statistical 
analysis was performed by using Student’s t-test. Differences were considered significant p<0.05. p values are 
given in figure legends. 
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