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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
Key words: fetal heart rate; twin pregnancy; first trimester;
TTTS
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION
The latest statistics from the World Health Organization 
indicate that cancer is the second biggest cause of death 
globally. Annually, around 9.6 million fatalities occur, 
or almost one-fourth of total mortality. Numerous 
anticancer pharmaceuticals have undergone substantial 
enhancements in recent years. Nevertheless, most presently 
accessible anti-cancer pharmaceuticals are ineffective, and 
adverse consequences such as drug-induced impairment 
may occur. Consequently, developing and enhancing 
new, safe, and effective long-term cancer therapies 
with reduced side effects is imperative [1]. Heterocyclic 
chemistry has evolved into a distinct discipline within 
chemistry, characterized by a rich history, contemporary 
relevance, and promising future possibilities. Nitrogen, 
oxygen, and sulfur are regarded as the most prevalent 
heteroatoms. Heterocyclic substances are regarded as a 
significant category of organic chemicals because of their 
significance in pharmaceuticals and industrial research 
[2]. Triazoles are five-membered heterocyclic molecules 
having the chemical formulae C

2
H

3
N

3
, bearing three 

atoms of nitrogen and two atoms of carbon [3]. There 
are two categories of triazoles, which: 1,2,3-triazoles and 
1,2,4-triazoles [4,5]. Both of these two types of triazole, 
which are essential constituents of various therapeutic 
medicines, and their analogues have consistently 
captivated medicinal chemists [6]. Triazole-containing 
heterocycles are lead molecule frameworks that have 
garnered researchers' attention due to their extensive 
array of biological activities, including anticancer, 
antimicrobial [7], antitubercular [8], anti-HIV [9], 
anticonvulsant [10], antibacterial [11], anti-inflammatory 
[12], analgesic, and antiviral properties [13]. Triazoles are 
regarded as effective coordinating ligands due to their 
incorporation of each hard nitrogen and soft sulfur atom 
in the thioamide group [14]. This ligand possesses donor 
groups that coordinate with a broad spectrum of metal 
ions [15]. The tautomeric form might appear in triazole 
[16]. The possible coordinating sites include: (I) the sulfur 
of the thiol group, (II) the nitrogen of the main amino 
group, and (III) the two nitrogen atoms at positions 1 
and 2 in the triazole ring system [17]. This ligand has an 
S=C_N_N unit that facilitates bidentate coordination to 
metal ions via amine and thiol substitutions, resulting 
in the formation of a stable five-membered ring [18]. 
Consequently, this ligand is polydentate, and it has been 
demonstrated and empirically validated that complex 
formed with polydentate ligands are referred to as 
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Y Background: Breast cancer is a disease where cells in the breast grow 
out of control, forming lumps. If these lumps are not treated, they can 
spread to other parts of the body. The disease often starts in the milk 
ducts or lobules. Early forms, called 'in situ', can be found and treated 
before they become life-threatening. 

Aim: evaluation the novel synthesize a series of 1,2,4-triazole-based 
metal complexes and evaluate their structural features and cytotoxic 
activity against breast cancer cells. 

Methodology: A multi-step synthetic route was employed starting from 
ethyl benzoate to obtain the triazole ligand (Compound III), which was 
subsequently complexed with various metal ions (Ni²⁺, Co²⁺, Cd²⁺, Cr³⁺, 
Zn²⁺) to afford complexes IVa–IVe. The compounds were characterized 
using FT-IR and ¹H NMR spectroscopy. Cytotoxicity was assessed in 
vitro against MCF-7 (cancerous) and MCF-10a (non-tumorigenic) breast 
cell lines using MTT assay, with IC₅₀ values determined from triplicate 
measurements. 

Results: Spectroscopic analysis confirmed the successful formation of the 
triazole core and its coordination with metal ions through nitrogen and 
sulfur atoms. Among the tested complexes, IVc (Cd²⁺) and IVe (Zn²⁺) 
exhibited the highest cytotoxicity against MCF-7 cells (IC₅₀ = 28.45 ± 2.34 
μM and 52.57 ± 4.72 μM, respectively) with significantly reduced toxicity 
toward MCF-10a cells, indicating selective anticancer activity.

Conclusion: The results highlight the importance of metal coordination 
in enhancing the anticancer potential of triazole derivatives. Complexes 
IVc and IVe, in particular, show promise as lead compounds for further 
development in anticancer drug discovery.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

chelate complexes. They are generally more stable than 
complexes formed from monodentate ligands. Moreover, 
five or six-membered chelates are the most prevalent 
and stable [19]. A novel thio-triazole compound with 
specific metals was synthesized [20]. This study details the 
production, characterization, and assessment of Ni (II), 
Co (II), Cd (II), Cr (II), and Zn (II) complexes with 4-amino-
5-(phenyl)-4H-1,2,4-triazole-3-thiol. 

METHODOLOGY
All reagents, starting ingredients, and solvents were 
acquired commercially and utilized without additional 
purification. The chemicals and anhydrous solvents 
employed in this study were obtained from various 
suppliers, including Merck, Reidel Dehaan, Sigma-Aldrich, 
and Thomas Baker. The Thomas-Hoover apparatus was 
utilized to determine melting points by the capillary tube 
technique. The College of Pharmacy at the University 
of Kufa employed a Shimadzu spectrophotometer to 
perform FT-IR scans and analyze spectra using potassium 
bromide (KBr) discs. Mashhad University of Medical 
Sciences utilized Bruker apparatus to obtain proton 
nuclear magnetic resonance (1H-NMR) data, with DSMO 
as solvent and tetramethylsilane, TMS, as the internal 
standard. 

Chemical synthesis 

The chemical protocol for the synthesis of triazole-metal 
complexes is prescribed in Fig. 1.

Synthesis of benzo hydrazide (compound I): The preparation 
of benzo hydrazide (I) was made by reacting Ethyl 

benzoate with hydrazine monohydrate according to 
Singh et al [21]. A combination of ethyl benzoate (14.3 
ml, 100 mmol) and 99% hydrazine hydrate (14.6 ml, 300 
mmol) was subjected to reflux for 15 minutes, after which 
sufficient 100% ethanol (10 ml) was introduced via the 
top of the condenser to achieve a clear solution. The 
mixture underwent reflux for two hours. Subsequently, 
evaporate the alcohol and refrigerate the remaining 
residue. The hydrazide crystals were isolated using 
filtering and recrystallized from ethanol to get white 
crystals. Physical data and including melting point and 
%yield, are provided in Tab. 1.

Synthesis of potassium 2-benzoyl hydrazine carbodithioate 
(compound II): The compound was synthesized through 
the reaction of benzo hydrazide with carbon disulfide, as 
reported by Sarafroz et al. [22] “Benzo hydrazide (I) (13.6 
g, 100 mmol) was introduced into a chilled solution of 
potassium hydroxide (8.4 g, 150 mmol) in 100% ethanol 
(250 ml) while stirring. Subsequently, carbon disulfide 
(11.5 ml, 190 mmol) was introduced dropwise, and the 
reaction mixture was agitated continuously for 12 hours 
at ambient temperature. The precipitated potassium 
dithiocarbazinate derivative was obtained through 
filtering, subsequently washed with anhydrous ether, 
and dried. The resultant potassium salt was utilized in the 
subsequent stage without additional purification”. Physical 
data and including melting point, and %yield is provided 
in Tab. 1. Synthesis of 4-amino-5-phenyl-4H-1,2,4-triazole-
3-thiol, compound (III): This compound is synthesized 
through the reaction of potassium dithiocarbazinate 
with 99% hydrazine hydrate, as reported by Singh et al 
[21]. A suspension of potassium dithiocarbazinate (II) (5 
g, 20 mmol), hydrazine hydrate (99%) (2 ml, 40 mmol), 

Fig. 1. Synthesis of 
triazole-metal complexes 
and their intermediates.
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and distilled water (20 ml) was refluxed for 3 hours. The 
reaction mixture turned green, hydrogen sulphide was 
released, and a homogeneous solution was formed. A 
white material was precipitated by diluting with 100 ml 
of cold water and acidifying with a few drops of 35% HCl. 
The result was filtered, rinsed with cold water (2×30 ml), 
and crystallized from ethanol to yield a white powder. 
Physical data and including melting point and %yield, are 
provided in Tab. 1.

Synthesis of triazole-metal complexes (IVa-IVb): An ethanolic 
solution of appropriate metal salts [Nickel (II) chloride, 
Cobalt (II) chloride, Cadmium (II) chloride, Chromium (II) 
chloride, and Zinc (II) chloride] was combined with an 
ethanolic solution of 4-amino-5-(phenyl)-4H-1,2,4-triazole-
3-thiol in a 1:2 (metal: ligand) molar ratio and refluxed 
for two hours, resulting in the formation of crystalline 
colored precipitates at room temperature. The resultant 
solids were washed with hot ethanol and subsequently 
dried and recrystallized from ethanol according to Majeed 
et al. [20]. Physical data and including melting point and 
%yield, are provided in Tab. 1.

In vitro cytotoxicity assessment

We assessed the anticancer efficacy of the newly 
synthesized triazole-metal complexes (compounds 
IVa, IVb, IVc, IVd, and IVe) by cell line tests utilizing 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
(MTT). This study employed two cell types: MCF-7 
is a breast cancer cell line used to study the effects of 
chemicals on malignant cells, and MCF10A is a normal 
breast epithelial cell line used to test the effects on non-
cancerous cells. These cell lines were obtained from the 
Iranian National Cell Bank at the Pasteur Institute. MCF-
7 cells were cultured in RPMI 1640 medium., whereas 
MCF10A cells were cultivated in DMEM: F12 medium. 
Both mediums were augmented with 10% fetal bovine 
serum (FBS), subsequently incorporating antibiotics (100 
μg/ml streptomycin and 100 units/ml penicillin). The cells 
were preserved in a humidified environment at 37°C 
with 5% carbon dioxide. A trypsin/EDTA solution (Gibco) 
and phosphate-buffered saline (PBS) were employed for 
cell passaging. Cell viability was evaluated utilizing MTT 
from Sigma-Aldrich. Each cell type (MCF-7 and MCF10A) 
was individually cultivated in 96-well plates (1.4 × 10^4 
cells per well with 200 μl of fresh media) following 24 
hours (at 37°C in a 5% CO

2
 atmosphere). The supernatant 

was discarded, and 200 μl of MTT solution was added 
to each well, followed by four-hour incubation at 37°C. 
Following the conclusion of the incubation period, 100 μl 

of dimethyl sulfoxide (DMSO) was introduced to dissolve 
the formazan crystals, and the plate was placed on a 
shaker at 37°C until full dissolution of the crystals was 
verified. An ELISA reader (Model Wave xs2, BioTek) was 
employed to assess cell viability through absorbance at 
570 nm and to compute the IC50 values.

Statistical analysis 

The statistical analysis system -SAS (2018) program was 
used to detect the effect of different factors on study 
parameters. A t-test was used to significantly compare 
between means in the study [23].

RESULTS
The physical analytical data, melting point, molecular 
weight, and percentage of the yield of the synthesized 
compounds are tabulated in Tab. 1.

Infra-red spectroscopy 

Compound (I) FTIR (cm-1): 3414,3300 stretching of (NH
2
) 

respectively, 3224 stretching vibrations for (NH). 3022 (C-
H) stretching vibration of aromatic. 1660 C=O stretching 
band of amide. 1618 (N-H) bending vibration of NH

2
. 

1573 and 1447 C=C stretching vibration of aromatic. 1348 
C-N stretching vibration. 1120 C-H (in plan bending) of 
aromatic. 883 C-H (out-of-plane bending) of aromatic. 
684 N-H wagging vibration of NH

2
 [24].

Compound (II) FTIR (cm-1): 3327,3157 stretching vibration 
of (NH) of secondary amide and amine, respectively. 
3062 (C-H) stretching vibration of aromatic. 1641 C=O 
stretching band of amide. 1575 (N-H) bending vibration 
of NH. 1539,1448 and 1398 C=C stretching vibration 
of aromatic. 1282 and 1240 C-H (in plan bending) of 
aromatic. 885 and 702 C-H (out-of-plane bending) of 
aromatic. 630 C-S stretching vibration.

Compound (III) FTIR (cm-1): 3298, 3145 stretching vibrations 
of (NH

2
) primary amine, 2995 (C-H) stretching vibration 

of aromatic.2762 S-H stretching vibration. 1640 (C=N) 
stretching vibration of triazole. 1485,1446 (C=C) 
stretching vibration of aromatic, 629 stretching vibrations 
of (C-S).

Compound (IVa) FTIR (cm-1): 3419, 3398 stretching 
vibrations of (NH

2
).3194,3115 stretching vibration 

(NH). 2941 (C-H) stretching vibration of aromatic.1629 

Tab. 1. The characterization 
and physical data 
of the synthesized 
compound. Compound (I): 
Bezohydrazide. Compound 
(II): potassium 2-benzoyl 
hydrazine carbodithioate. 
Compound (III): 4-amino-5-
phenyl 4-H-1,2,4-triazole-
3-thiol. Compound (IVa): 
triazole–Nickel complex. 
(IVb): triazole-Cobalt 
complex. Compound 
(IVc): triazole-Cadmium 
complex. Compound (IVd): 
triazole-Chromium complex. 
Compound (IVe): triazole-
Zinc complex.

Compound Formula Molecular 
weight Melting point Appearance % Yield 

Ethyl benzoate C9H10O2 150.18 -34 ℃ Colourless liquid --------

I C7H8N2O 136.15 106-108 White crystals 79%

II C8H7KN2OS2 250.38 306-308 White powder 89%

III C8H8N4S 192.24 212-214 ℃ White crystals 64%

IVa C16H16N8NiS2 443.17 236-238 Pale green crystals 91%

IVb C16H16CoN8S2 443.41 195-197 Pale pink 87%

IVc C16H16CdN8S2 496.89 188-190 White crystals 79%

IVd C16H16CrN8S2 436.48 200-202 Pale 81%

IVe C16H16N8S2Zn 449.86 180-182 White powder 76%
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

(C=N) stretching vibration. 1494,1450, (C=C) stretching 
vibration of aromatic. 690 stretching vibration of C-S. 501 
stretching vibration for M-N, and 443 for M-S. 

Compound (IVb) FTIR (cm-1): 3425, 3298 stretching 
vibrations of (NH

2
).3194 stretching vibration (NH). 

2997 (C-H) stretching vibration of aromatic.1635 (C=N) 
stretching vibration. 1494,1450, (C=C) stretching 
vibration of aromatic. 686 stretching vibration of C-S. 501 
stretching vibration for M-N, and 459 for M-S. 

Compound (IVc) FTIR (cm-1): 3471, 3425 stretching vibrations 
of (NH

2
).3199 stretching vibration (NH). 3080 (C-H) 

stretching vibration of aromatic.1624 (C=N) stretching 
vibration. 1489,1448, (C=C) stretching vibration of 
aromatic. 692 stretching vibration of C-S. 509 stretching 
vibration for M-N, and 441 for M-S. 

Compound (IVd) FTIR (cm-1): 3298, 3194 stretching 
vibrations of (NH

2
). 3115 stretching vibration (NH). 

3003 (C-H) stretching vibration of aromatic.1637 (C=N) 
stretching vibration. 1494,1449, (C=C) stretching 
vibration of aromatic. 686 stretching vibration of C-S. 503 
stretching vibration for M-N, and 449 for M-S. 

Compound (IVe) FTIR (cm-1): 3302, 3196 stretching 
vibrations of (NH

2
).3111 stretching vibration (NH). 

3053 (C-H) stretching vibration of aromatic.1639 (C=N) 
stretching vibration. 1498,1450, (C=C) stretching 
vibration of aromatic. 690 stretching vibration of C-S. 505 
stretching vibration for M-N, and 435 for M-S. 

Nuclear magnetic resonance

The 1H NMR data of 4-amino-5-(phenyl) 4H-1,2,4-triazole-
3-thiol and its complexes exhibited excellent solubility in 
DMSO. The proton nuclear magnetic resonance spectral 
data provided further validation for the composition of 
the complexes. The observed alterations are indicative 
of complexation, as the chemical shift of a molecule is 
largely dependent on its electrical environment [14,25-
27].

Compound (III) 1HNMR (ppm): 5.83(singlet, 2H of NH
2
). 

13.97 (singlet, 1H, of S-H) thiol. 7.51, 7.51, 7.72, 7.53, and 

8.04, 8.05 (Multiplet signals result from the overlapping 
of non-equivalent aromatic protons, 6H, Ar-H). 

Compound (IVa) 1HMNR (ppm): 3.98 (2H, s, NH
2
) (this peak 

is shifted to a lower field due to its attachment to the 
Nickel atom), 7.48-8.03 (5H, d,d, CH), 10.79 (1H, s, NH). 

Compound (IVb) 1HMNR (ppm): 3.78 (2H, s, NH
2
) (this peak 

is shifted to a lower field due to its attachment to the 
Cobalt atom), 7.50-8.04 (5H, d,d, CH), 10.58 (1H, s, NH).

Compound (IVc) 1HMNR (ppm): 4.17 (2H, s, NH
2
) (this peak 

is shifted to a lower field due to its attachment to the 
Cadmium atom), 7.50-8.06 (5H, d,d, CH), 11.21 (1H, s, 
NH).

Compound (IVd) 1HMNR (ppm): 3.78 (2H, s, NH
2
) (this peak 

is shifted to a lower field due to its attachment to the 
Chromium atom), 7.52-8.06 (5H, d,d, CH), 10.99 (1H, s, 
NH).

Compound (IVe) 1HMNR (ppm): 4.36 (2H, s, NH
2
) (this peak 

is shifted to a lower field due to its attachment to the Zinc 
atom), 7.50-8.03 (5H, d,d, CH), 11.23 (1H, s, NH).

In vitro cytotoxicity evaluation 

The synthesized compounds were evaluated against 
acetazolamide and cisplatin to assess their cytotoxic 
activity. The rationale for choosing these two drugs is 
that Acetazolamide serves as the benchmark for carbonic 
anhydrase inhibitors and has been well investigated for 
its potential as an antineoplastic agent. Multiple studies 
examined its efficacy and activity in countering neoplastic 
development. Cisplatin is an antineoplastic agent utilized 
for solid tumors, distinguished by the presence of a 
platinum metal ion in its chemical structure. Cisplatin, 
recognized for its known antineoplastic efficacy, serves 
as a crucial reference chemical for investigating the 
cytotoxic characteristics of synthetic agents. Tab. 2. 
and Fig. 2. display the IC

50
 values of the synthesized 

compounds and standards. Fig. 3. displays the cytotoxicity 
activity evaluation of triazole-metal complexes (IVa-IVe) 
on MCF10, while Fig. 4. on MCF7, respectively. 

Tab. 2. IC50(µM) values 
for the tested compounds. 
The values are represented 
by the mean  ±  SD of 
triplicate measurements. 
IC50: Half-maximal 
inhibitory concentration. 
MCF7:  a human breast 
cancer cell line with 
estrogen, progesterone, and 
glucocorticoid receptors. 
MCF10: a non-tumorigenic 
epithelial cell line. (IVa-IVe) 
The synthesized triazole-
metal complexes. (*) and 
(**): there is a considerable 
variation compared 
to Acetazolamide and 
Cisplatin, respectively.

Compound
MCF7 Results MCF10a Results

IC50(μM)  ±  SD p-value IC50(μM)  ±  SD p-value

Acetazolamide 145.10 ±  1.58 Standard 71.80 ±  0.566 Standard

Cisplatin 20.68 ±  0.776 Standard 36.24 ±  1.036 Standard

IVa 159.00 ± 4.44

10.61 *
(0.0378)
8.96 **
0.0001

1295.03 ± 4.86

22.93 **
(0.0001)
18.57 **
(0.0001)

IVb 103.27 ± 2.30

12.76 **
(0.0056)
8.32 **
(0.0001)

3482.71 ± 3.76

52.85 **
(0.0001)
28.69 **
(0.0001

IVc 28.45  ±  2.34

8.94**
(0.0001)

5.26*
(0.0398)

138.62 ±  3.60

38.44 **
(0.0001)
25.75 **
(0.0001)

IVd 90.92 ± 5.16

9.47 **
(0.0001)
7.37 **
(0.0001)

1333.23 ± 2.86

48.61 **
(0.0001)
28.96 **
(0.0001)

IVe 52.57 ± 4.72

8.36 **
(0.0001)
6.46 **
(0.0001)

316.50 ± 4.12

18.26 **
(0.0001)
15.02 **
(0.0001)

* (P<0.05), ** (P<0.01).
* Significant, ** Highly significant 
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Fig. 2. IC50 (µM) 
values for the tested 
compounds. The values 
are represented by the 
mean ± SD of triplicate 
measurements. IC50: 
Half-maximal inhibitory 
concentration. MCF7:  
a human breast cancer 
cell line with estrogen, 
progesterone, and 
glucocorticoid receptors. 
MCF10: a non-
tumorigenic epithelial 
cell line. (IVa-IVe) The 
synthesized triazole-
metal complexes.

Fig. 3. Illustrates a 
cytotoxicity assessment 
evaluating the effects 
of several agents 
on MCF10a cells. A) 
Inhibitory activity of 
Acetazolamide, B) 
Inhibitory activity of 
Cisplatin, C) Inhibitory 
activity of Compound 
IVa, D) Inhibitory activity 
of Compound IVb, 
E) Inhibitory activity 
of Compound IVc, F) 
Inhibitory activity of 
Compound IVd, G) 
Inhibitory activity of 
Compound IVe.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

Fig. 4. Illustrates a 
cytotoxicity assessment 
evaluating the effects 
of diverse compounds 
on MCF7 cells. A) 
Inhibition activity of 
Acetazolamide, B) 
Inhibition activity of 
Cisplatin, C) Inhibitory 
activity of Compound 
IVa, D) Inhibitory activity 
of Compound IVb, 
E) Inhibitory activity 
of Compound IVc, F) 
Inhibitory activity of 
Compound IVd, G) 
Inhibitory activity of 
Compound IVe.

Fig. 5. The tautomerism 
in triazole enol form 
(Thiol) and keto form 
(Thion).

DISCUSSION
Regarding infra-red spectroscopy, the FT-IR spectra of 
the synthesized compounds provided strong evidence 
for their structural features and functional group 
identification. For Compound I (Bezohydrazide), the N-H 
stretching vibrations at 3414 cm⁻¹ and 3300 cm⁻¹, along 
with the C=O stretching band at 1660 cm⁻¹, confirmed 
the presence of the amide group. In Compound II 

(Potassium 2-benzoylhydrazine-1-carbodithioate), the NH 
stretching vibrations at 3327 cm⁻¹ and 3157 cm⁻¹ and the 
C=O stretching at 1641 cm⁻¹ confirmed the secondary 
amide and amine functional groups. Additionally, the C-S 
stretching band at 630 cm-¹ supported the presence of the 
carbodithioate group, a key feature of this compound. 
The FTIR spectrum of this ligand (L) showed some 
characteristic stretching bands at: 3250 cm-1 and 3213 cm-

1, 2736 cm-1, 1645 cm-1, 673 cm-1 assigned to NH
2
, S-H, 
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C=N of triazole ring, and the last one is for stretching of 
C-S bond, respectively. The tautomeric form may manifest 
within the triazole ring, as illustrated in Fig. 5. It is plausible 
to anticipate the deprotonation of the compound (III) 
molecule prior to complexation; the total absence of 
the band corresponding to υ(S-H) in the spectra of the 
complexes unequivocally corroborates this perspective. 
Upon deprotonation, the ligand can coordinate with the 
metal ion through either the nitrogen or sulfur atom of 
the thioamid group. Bonding at the sulfur atom is more 
advantageous since it leads to the formation of a stable 
five-membered chelate.

The unique instance is that the υ(C = N) of complexes (IVa-
IVe) was observed to be shifted to a lower wavenumber 
in comparison to compound (III), indicating coordination 
with the ligand. The NH

2
 band frequencies were altered 

as a result of complexation. The S-H band of the ligand 
disappeared upon complexation. The bands of C-S 
changed to higher frequencies due to the complexation 
of the metal ion with the ligand via sulfate, and the band 
of C=N also occurred.

The frequency is lowered due to complexation, while 
other bands, such as C=C (1494-1450 cm⁻¹) and C-H 
aromatic (3050-2997 cm⁻¹), did not exhibit any shifts as 
they do not participate in the complexation. 

Regarding 1H NMR, the 1H NMR data for compound 
III (4-amino-5-phenyl 4-H 1,2,4-triazole 3 thiol) and its 
five triazole complexes provided further evidence for 
complexation, indicated by the downfield shift of the NH

2
 

signal due to metal attachment, compared to compound 
III. Additionally, the SH signal at 13.97 ppm in the ligand 
was absent, while a new NH signal appeared in the range 
of 10-11.5 ppm, which was not present in compound III 
prior to complexation. The aromatic proton is present at 
a signal of 7.5-8.06 ppm in compound (III) and all five 
complexes, as it does not engage in complexation. 

Regarding to in-vitro cytotoxicity 
evaluation

The cytotoxic activities of the synthesized triazole-metal 
complexes (IVa–IVe) were assessed against MCF-7 and 
MCF-10a cell lines, using acetazolamide and cisplatin 
as reference standards. The IC₅₀ values demonstrated a 
variable but generally significant cytotoxic effect against 
MCF-7 cells, with Compound IVc (Cd²⁺ complex) showing 
the lowest IC₅₀ (28.45 ± 2.34 μM) among the tested 

complexes, approaching the potency of cisplatin (20.68 ± 
0.78 μM). This suggests that coordination with cadmium 
enhances the cytotoxic potential of the ligand core, 
possibly through increased cellular uptake or enhanced 
affinity for intracellular targets.

All complexes displayed significantly reduced cytotoxicity 
toward MCF-10a cells, with IC₅₀ values several-fold 
higher than in MCF-7, particularly for IVb (Co²⁺) and IVd 
(Cr³⁺), which had IC₅₀ values exceeding 1300 μM. This 
pronounced selectivity indicates a promising therapeutic 
window and suggests potential for further development 
of these complexes as anticancer agents.

Statistical analysis revealed that the differences in 
cytotoxicity between treated and standard groups 
were significant (p<0.01) in most comparisons, 
supporting the robustness of the results. Overall, the 
biological evaluation demonstrates that triazole-metal 
complexation significantly influences cytotoxic behavior, 
with IVc and IVe exhibiting the most favorable balance 
between potency and selectivity.

CONCLUSION 
The successful synthesis of triazole-based ligands and 
their metal complexes (IVa–IVe) was confirmed through 
FT-IR and ¹H NMR spectroscopy, which supported 
the proposed structures and metal coordination. The 
biological evaluation revealed that several complexes, 
particularly IVc and IVe, exhibited notable cytotoxicity 
against MCF-7 cancer cells while showing significantly 
lower toxicity toward normal MCF-10a cells, indicating a 
favourable selectivity profile. These findings suggest that 
metal complexation enhances the anticancer potential of 
the triazole scaffold and supports further investigation 
of these compounds as promising chemotherapeutic 
candidates.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.
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