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Abstract

The triethanolammonium (TEA) cation associated with the anion cyclopropanecarboxylate, mercaptoacetate,
trichloroacetate, and 4-dodecylbenzenesulfonate led to the formation of TEA-based salts. The antibacterial activity of the
TEA salts was examined against some bacteria and the obtained results were used to calculate minimal inhibitory
concentrations (MICs) values. Additionally, the antiproliferative activities of TEA salts were examined in vitro on breast
cancer cell line. Furthermore, in vitro scratch assay was performed by HUVECs (human vascular endothelial cell line) to
assess the anti-angiogenic effect of these salts. These compounds did not dramatically differentiate the cell viability of
cancer cells. On the other hand, it was demonstrated that TEA salts blocked human endothelial cell migration slightly.
Therefore, these compounds were determined to have a limited ability to inhibit angiogenesis.
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Trietanolamin Esash Tuzlarin In Vitro Antiproliferatif, Antibakteriyel ve Anti-
Anjiyojenik Calismalari

Oz

Siklopropankarboksilat, merkaptoasetat, trikloroasetat ve 4-dodesilbenzensiilfonat anyonlart ile trietanolamonyum (TEA)
katyonu TEA esasli tuzlarin olusumuna yol agti. TEA tuzlarinmn antibakteriyel aktivitesi bazi bakterilere karsi incelendi
ve elde edilen sonuglar minimum inhibitér konsantrasyon (MIK) degerlerinin hesaplanmasinda kullanildi. EK olarak, TEA
tuzlarinin antiproliferatif aktiviteleri meme kanseri hiicre hatti {izerinde in vitro olarak incelendi. Ayrica, bu tuzlarin anti-
anjiyogenik etkisini degerlendirmek i¢in HUVEC'ler (insan vaskiiler endotelyal hiicre hatt1) tarafindan in vitro gizik
analizi yapilmistir. Bu bilesikler, kanser hiicrelerinin hiicre canlihigimi kayda deger diizeyde degistirmdi. Ote yandan TEA
tuzlarmin insan endotel hiicre gogiinii bir miktar engelledigi gosterildi. Dolayisiyla, bu bilesiklerin anjiyogenezi
engelleme konusunda sinirh yetenege sahip oldugu belirlendi.

Anahtar Kelimeler: Anti-anjiyojenik etki, Antiproliferatif etki, Antibakteriyel etki, Trietanolamonyum tuzlari.
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1. Introduction

Protatranes, or TEA salts, are representative of a class of compounds known as atranes, which
consist of [NH(CH2CH20H)s]* cations and anions of protic acid (X°) (Voronkov et al., 2009;
Voronkov et al., 2014; Kondratenko et al., 2016; Gruzdev et al., 2018). Research has demonstrated
that the conversion of biologically active carboxylic acids into their TEA salts increases their
biological activity and broadens their action spectrum (Voronkov et al., 2002; Voronkov and
Baryshok, 2010; Adamovich et al., 2018; Adamovich and Mirskova, 2018; Kondratenko and
Kochina, 2021). Due to these properties, they have found wide application in medicine and agriculture
as drugs with a broad spectrum of action and growth-promoting drugs. As an immunomodulator and
adaptogen, Trekrezan™ (Cresacin) drug is composed of the TEA salt of 2-methylphenoxyacetic acid
(Voronkov et al., 2007; Antuganov et al., 2019). Apart from that, there are cresacin's analogs
chlorocreasin (triethanolammonium 2-methyl-4-chlorophenoxyacetate) (Mirskova et al., 2010), and
new water-soluble aspirin analogs (ethanolammonium acetylsalicylate) without side effects
(Adamovich et al., 2012). Miranda et al. (2019) developed a method for improving the
biopharmaceutical properties of Furosemide, a loop diuretic widely used to treat hypertension and
edema associated with kidney, liver, and heart failure. The drug and triethanolamine were combined
to obtain a pharmaceutical salt, which was characterized. In addition, the TEA of 1-propylimidazole-
4,5-dicarboxylic acid has been shown to have anticonvulsant properties. The acid itself has convulsant
properties (Brusina et al., 2018).

The biological activities of TEA salts against some yeasts and fungi were also investigated
(Mirskova et al., 2003; Mirskova et al., 2008; Akbas et al., 2020). Alcohol yeast Saccharomyces
cerevisiae is effectively stimulated by TEA salts (Privalova et al., 2017). Kondratenko et al. (2017)
investigated the biological activities of TEA salts of biologically effective carboxylic acids (cinnamic,
benzoic, oxalic, malonic, succinic, salicylic and citric acids) against Rhizopus oryzae fungus and
caused an boost in the biomass of the fungus by 8-24%. TEA salts of cinnamic, benzoic and malonic
acids were found to have a positive effect on seed germination and growth characteristics of cress
(Lepidium sativum L.) sprouts (Kondratenko et al., 2020), and these salts were reported to exhibit
selective activity against Staphylococcus aureus bacteria (Kondratenko et al., 2020; Lukyanova et al.,
2020).

In the present study, the TEA salts consisting of tris(2-hydroxyethyl)ammonium cation
{[INH(CH2CH20H)3]*} and anions of different organic acids have been obtained, and these are tris(2-
hydroxyethyl)ammonium  cyclopropanecarboxylate (1), tris(2-hydroxyethyl)ammonium  2-
mercaptoacetate (2), tris(2-hydroxyethyl)ammonium 2,2,2-trichloroacetate (3) and tris(2-

hydroxyethyl)ammonium 4-dodecylbenzenesulfonate (4). The microdilution method was adopted to
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examine the antibacterial activities of TEA salts for some gram-positive and gram-negative bacteria.
Additionally, the antiproliferative effects of TEA salts on MDA-MB-231, one of the most commonly
used breast cancer cell lines in medical exploration, were examined in vitro. In addition, to determine
whether TEA salts have an effect on angiogenesis, a preliminary in vitro scratch assay was performed.

Human umbilical cord vein endothelial cells (HUVECSs) were used in this analysis.

2. Materials and Methods

2.1. Chemicals

Triethanolamine, cyclopropanecarboxylic acid, mercaptoacetic acid, trichloroacetic acid and 4-
dodecylbenzenesulfonic acid, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide),
5-fluorouracil were purchased from commercial sources and used without further purification. All of

other cell culture reagents were commercially obtained from Biological Industries.

2.2. Syntheses of TEA Salts

The TEA salts (1-4) have previously been reported (Odinokov et al., 1984, Toshimutu 1994,
Akyoshi et al., 1994, Enviromental Protection Agency 2014). These salts were synthesized from
stoichiometric amounts of the triethanolamine as cation and the different acids
(cyclopropanecarboxylic  acid,  mercaptoacetic  acid, trichloroacetic acid and 4-
dodecylbenzenesulfonic acid) as anions. The synthesized salts were stored in a vacuum oven at 80°C
for 48 h to remove excess moisture formed during the reaction, and the dried salts were sealed with

laboratory parafilm to prevent moisture contamination.

2.3. Determination of TEA Salts" Antiproliferative Effects

The antiproliferative effects of TEA salts on the MDA-MB-231 breast cancer cell line were
studied by MTT analysis. MDA-MB-231 breast cancer cells were cultivated in Dulbecco's Modified
Eagle's Medium (DMEM) with 10% fetal bovine serum (FBS) for this analysis. 5x10* cells/ml of
cultured cells were seeded in 96-well plates and incubated overnight at 37°C in a humidified
atmosphere containing 5% CO.. They were then treated with 11 different concentrations of TEA salts
(0.05-50 ug/ ml) for 24h and 48h. A stock solution of the TEA salts was prepared in DMSO (final
concentration is <0.1% in culture medium) and filter sterilized. 5-Fu was chosen as the positive

control reagent due to its widespread use in conventional chemotherapy. The medium used in the
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plate was taken, and a medium containing 10% (v/v) MTT was added to the cells. The cells were
incubated for 3h in a 5% CO2 incubator at 37 °C in the dark. At the end of the 3h incubation, the
medium containing MTT was withdrawn from the cells, and the formed formazan crystal moieties
were dissolved by adding DMSO. Cell culture plates were read in a microplate reader (Tecan,
Switzerland) at a wavelength of 570 nm, and absorbance values were recorded. Using the commonly

known formula, the percentage of viable cells was calculated (Inan et al., 2018).

2.4. Determination of Anti-Angiogenic Properties of TEA Salts

In vitro scratch assay was performed to assess the activity of TEA salts that affect angiogenesis
by HUVECs (human vascular endothelial cell line) (Ispir et al., 2019). In this work, firstly, the cell
viability test was performed to determine the effective dose of compounds on HUVECs by MTT
analysis which is described in detail above. Then taking into account the specified dose, in vitro
scratch assay described below was applied. HUVECs were plated (5x10* cells/well) on six well
culture dishes in an appropriate culture medium. When cells reached more than 80 % confluency, the
cell monolayer was wounded by a sterile 200ul (yellow) pipette tip and all the wells were rinsed with
phosphate buffer saline (PBS). Then cells were treated with the most effective dose (25ug/ml) of
TEA salts which was determined by MTT cell viability assay in the previous experimental stage.
Photographs were taken with a inverted light microscope every 24h for two days after the application
of the salts and the percentage of the cell migration was calculated. These values were compared with

negative control and evaluated whether the TEAs had antiangiogenic potential.

2.5. Antibacterial Susceptibility Testing

To find new antimicrobial drugs to utilize against some bacteria, the antibacterial properties of
TEA salts were investigated in the current work. The MICs were studied to learn more about the
antibacterial activity by MIC dilution methods (Erden Tayhan et al., 2018). The compounds 1-4 were
evaluated for their in vitro antibacterial activities against two gram-negatives (G-), Klebsiella
pneumonia and Pseudomonas aeruginosa, and one gram-positive (G+), Staphylococcus aureus.
Bacterial strains of Staphylococcus aureus [ATCC 25923 (G+)], Pseudomonas aeruginosa [ATCC
27853 (G-)], Klebsiella pneumonia [ATCC 15380 (G-)] were utilized. Microorganisms were
cultivated in the exponential phase in nutritional broth at 37°C for 18 h and then were diluted with
new broth medium to a final concentration of 10* CFU mlt. By calculating the MIC using the
microdilution method in a 96-well microtiter plate, in vitro antibacterial activity was examined. In

sterile 96-well plates with a bacterial broth medium, serial two-fold dilutions of the investigated



The Black Sea Journal of Sciences 14(3), 1192-1203, 2024 1196

substances were prepared in concentrations ranging from 50 mg/ml to 0.392 mg/ml. For 24h, the
inoculation plates were incubated at 37°C. Using a microplate reader (Tecan, Switzerland), the optical
density of each well was measured at 620 nm after 24h. The bacterial inhibition percentage (IC %)
was determined with the commonly known formula (Lavorgna et al., 2019). The tested substances
were dissolved in DMSO and then diluted to a 10% DMSO concentration in a nutrient-liquid medium.
The solvent control test was used to examine how 10% DMSO affected the growth of bacteria. It was
observed that 10% DMSO did not prevent microbial growth. Additionally, the two-fold serial dilution
test used in the current experiment caused the concentration of DMSO to fall (the working
concentration was 5% and below) steadily. Each test included sterility and growth controls. Three

times each of the trials were conducted and the mean results were used.
3. Findings and Discussion
3.1. The Antiproliferative Properties of TEA Salts
MTT cell viability studies revealed that TEA salts had no appreciable impact on cell viability

(Figure 1). Only 1 and 4 inhibited cancer cell viability weakly at higher doses (50 and 25 pg/ml) at
the first 24h. At the second day, compounds have been shown to lose their antiproliferative effects.
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Figure 1. The effect of different concentrations of TEA salts on the viability of MDA-MB-
231 at 24h and 48h (PC: positive control — 5Fu, NC: negative control).

Protic molten salts have rarely been tested for anticancer studies (Elmas et al., 2020; Akbas et
al., 2023). It has also been shown that in salts with the same cation, the compounds lose their

antiproliverative effects on the second day (Akbas et al., 2020).
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3.2. The Anti-angiogenic Activity of the TEA Salts

In this work, firstly the cell viability test was performed to determine the effective dose of
compounds on HUVECs by MTT analysis. As a result, the percentage of cell viabilities was

calculated and shown in Figure 2.
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Figure 2. The effect of different concentrations of TEA salts on the viability of HUVEC at
24h and 48h (PC: positive control — 5Fu, NC: negative control).

Subsequently, taking into account the indicated dose (25 pg/ml), the cell migration assay was
carried out by in vitro scratch analysis to determine whether TEA salts were able to inhibit HUVEC

angiogenesis. Representative images and quantitative data were shown in Figure 3 and Figure 4.

oI L

Figure 3. Effect of TEA salts on the migration of HUVEC in wound assay. Wounded
monolayers of HUVEC were incubated for 24h and 48h alone (negative control) and in the presence
of TEA salts (25 pg/ml). Magnification 4x.
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Figure 4. Effect of TEA salts on the migration of HUVEC. Wound healing assay showing
inhibition of angiogenesis after 24h and 48h of exposure to TEA salts (25 pg/ml).

When Figures 3 and 4 were examined, it was shown that TEA salts (25 pg/ml) slightly inhibited
HUVEC migration, which is one of the important basic steps in angiogenesis. Therefore, these

compounds were determined to have a limited ability to inhibit angiogenesis.
3.3. Antibacterial Susceptibility Testing

To find new potential antimicrobial agents to utilize against some bacteria, the antibacterial
activities of the TEA salts were investigated in the current study. Both G+ and G- bacteria's cell
growth was suppressed by all of the synthesized compounds. The most active compounds were 2 and
3, indicating a big reduction in bacterial growth. Additionally, the other salts, 1 and 4, inhibited cell

proliferation more slightly. The calculated percent inhibition of bacterial growth by the TEA salts
was plotted and shown in Figure 5.
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Figure 5. The calculated percent inhibition of S. aureus (G+), P. aeruginose (G-) and K.
pneumonia (G-) growth by the TEA salts.

Minimum inhibitory concentrations of the compounds against different bacterial strains (MIC

values) were reported in Table 1.

Table 1. The determined MIC values (mg/ml) of compounds for ATCC bacterial strains.

Staphylococcus Pseudomonas Klebsiella
Compounds aureus aeruginosa pneumoniae
(G+) (G) (G-)
1 50 50 50
2 25 50 25
3 25 25 25
4 50 50 25

By choosing the appropriate organic cation, it is possible to tune important biological
differences in antibacterial properties. Whether the cation is polar or nonpolar affects the MIC values.
This can be explained by the fact that cations with high polarity are more likely to remain in an
aqueous solution rather than hydrophobic cell membranes and therefore bind themselves to their
anions, that is, the ion trapping effect (Trapp et al., 2010; Ferraz et al., 2014). Thus, the relevant salts
become trapped in an aqueous solution and hydrolyze. Moreover, salts 1, 2, and 3 exhibited a better
MIC value compared to salts containing carboxylate anion with long alkyl chain length (Akbas et al.,
2020). With the molecular docking score, the effect of the alkyl chain and the electronegative atom

in the anion directly contributed to the antimicrobial activity, which is consistent with the
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experimental data. Adding a fluorine atom to an anion increases the highest antimicrobial activity
among chlorine, bromine, and iodine (Kumer and Khan, 2021). In addition, almost all of the
triethanolammonium salts tested in the literature exhibited noticeable activity against Staphylococcus
aureus bacteria (Kondratenko et al., 2020). The results indicate that a possible growth inhibition
occurs in the presence of salt at a low MIC concentration. It indicates the potential use of the salts

used here as antibacterial drugs against resistant strains at very low concentrations.

4. Conclusions and Recommendations

Four triethanolammonium-based salts were synthesized by acid-base neutralization of
triethanolamine with organic acids. These TEA salts are soluble in polar solvents (water, alcohol,
etc.). The tested TEA salts were promising antibacterial compounds against S. aureus, P. aeruginosa,
K. pneumoniae. Furthermore, 2 and 3 were the most effective derivative for inhibiting bacterial
growth. The potent antibacterial activity of these four triethanolammonium-based compounds
indicates their useful therapeutic application against bacterial infection. Additionally, TEA salts were
investigated for their biological activity in cultured breast cancer cell lines. These compounds did not
dramatically differentiate the cell viability of cancer cells. Furthermore, it was demonstrated that TEA
salts blocked human endothelial cell migration slightly. Especially, 2 and 4 which contained sulfur
atoms in their anions inhibited the cell migration into the denuded area more than the negative control.
This result is compatible with previous publications showing that inorganic sulfur inhibits the
expression and activation of angiogenesis-related genes, such as EGFR, in cancer cells (Ha et al.,
2013). These findings provide significant preliminary data for using TEA salts in inhibiting
angiogenesis and identifying promising drug candidates for further pharmacological evaluation. In
addition, additional research is required to investigate the anti-carcinogenic effects of TEA salts

containing inorganic sulfur.
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