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Abstract Novel mononuclear complexes 2–8 derived from hybrid Urea Schiff base HL were syn-

thesized using various metal Ni2+, Fe3+, Cu2+, Co2+, Mn2+, Zn2+, and Cr3+. The results

revealed the ligand HL reacts with metal ions as monobasic or neutral monodentate chelator it

via the nitrogen of azomethine and deprotonated/protonated phenolic oxygen atom adopting octa-

hedral geometry. The elemental analysis of the complexes showed the bonding of the ligand with the

metal ions in a ratio of 1: 1 in all-metal complexes. XRD analysis of the ligand and its complexes

indicate a monoclinic, tetragonal, orthorhombic corresponding to urea Shiff base (1) and zinc com-

plex (7), nickel complex (2), and cobalt complexes (5), respectively. The bioactivity of synthesized

compounds was tested and screened against three cancer cell lines PC3 (prostate), SK-OV-3 (ovar-

ian), and HeLa (cervical). The results revealed a weak activity for the ligand, whereas nickel and

iron complexes present moderate activities against three cancer cells. The best results were men-

tioned with copper and proved the best results against three cancer cells PC3, SKOV3, and HeLa

displaying an excellent activity with IC50 values of 0.71 ± 0.06, 0.12 ± 0.06, and 0.79 ± 0.23 lg/
mL respectively. Moreover, the urea Schiff base complexes showed good safety in vivo toxicity test.
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The present study demonstrates that all urea Schiff base complexes is inactive against saint tissue

and five metal complexes investigated herein can be effective and promising chemotherapeutic drugs

for ovarian cancer cell SKOV3, emphasizing the copper-urea Schiff base complex.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Cancer is a challenging disease worldwide due to several rea-
sons. Firstly, cancer is a commonly fatal disease that causes
a very high incidence and mortality rate globally. According
to the world health organization, cancer disease caused 9.6 mil-

lion deaths in 2018. One out of six deaths was due to cancer in
many countries, with an estimated 20 million deaths for 2030
(Hanusova et al., 2015; Yadav et al., 2016). Secondly, cancer

can affect various organs of different systems of the body in
both gender male and female. Cancer can progress at different
stages, and each type needs treatment (Martı́nez-Jiménez et al.,

2020; Lee et al., 2020; Bose et al., 2020). In males, prostate can-
cer is the second most common malignancy globally and has a
high mortality rate, causing 1.3 million deaths in 2018. Several
gynecological cancers, including ovarian, cervical, and

endometrial, have been reported as life-threatening diseases
in women (Tam et al., 2021). Ovarian cancer is one of the most
dangerous gynecologic cancers that extremely menace

women’s health (Younes et al., 2019). Usually, ovarian cancer
is diagnosed at stage 3 or 4, resulting in a 5-year survival rate
of 30% over the past 30 years (Younes et al., 2019). More than

600,000 new cases in women with cervical cancer and more
than 340,000 cervical cancer deaths worldwide in 2020 (Sung
et al., 2021, Crosbie et al, 2013, Di et al, 2015). Endometrial

cancer represents the most common gynecological malignancy
in the western world (Chaudhry and Asselin, 2009).

Finally, chemoresistance in cancers is a severe treatment
challenge, especially in reproductive cancers. Cancer

chemotherapy is one of the major therapeutic approaches for
treating the disease, which may be used alone or combined
with other forms of therapy. Drug resistance is a major obsta-

cle in treating ovarian cancer (Li et al., 2000). The develop-
ment of resistance to agents used in cancer treatment is a
major obstacle to the successful abolishment of the disease

(Mihanfar et al., 2017). The response rate of cancer to cyto-
toxic agents has not reached acceptable levels. The develop-
ment of chemotherapy resistance continues to be the main

problem in the treatment of cancer patients. Moreover, the
cancer cells’ resistance and dose-related toxicity remain two
of the utmost significant limitations in cancer chemotherapy.

There is a need for novel agents that are effective in drug-

resistant cancers. The necessity to design and elaborate a novel
structure promising anticancer activities encouraged scientists
to discover new agents. Therefore, new chemotherapeutic

agents for cancer might improve the response of cancer cells
and overcome these drawbacks. Finding a new drug has
pointed researchers to think about new agents with lower sys-

temic toxicity and enhanced cytotoxic effect.
Schiff base represents a fundamental precursor to develop

diversely metal complexes having curative potential as antibac-
terial (Madani et al., 2020; Xu et al., 2020), antimicrobial and

antiproliferative agents (Poirier et al., 2013, Savcı et al., 2021,
Ahmed and Almalki, 2021), antifungal (Miloud et al., 2020;
Joshi et al., 2020), antimalarial (Ziegler et al., 2000; Savir

et al., 2020), anti-inflammatory (Bhuvaneswari et al., 2020),
antioxidant (Bhuvaneswari et al., 2020, Buldurun et al.,
2021), DNA binding (Revathi et al., 2020) and in vivo acute

toxicity and anti-gastric (Saremi et al., 2020). Moreover, com-
plexes elaborated from Schiff base was used currently as anti-
tumor (Chen et al., 2020; Liu et al., 2020) and anticancer

agents (Alminderej et al., 2021; Ahamad et al., 2020; Crans
et al., 2019; Galil et al., 2015). A variety of structure derived
from Schiff base complex was described as potent anticancer
agent such as macrocycles (Zayed et al., 2017), dehydroacetic

acid based hydrazine (Pal et al., 2014), hydrazine carboxamide,
2-[3-methyl-2-thienylmethylene] (Chandra et al., 2015), aroyl-
hydrazone ligands and a pyridine co-ligand (Gou et al.,

2017) and thiadiazoline moiety (Parsekar et al., 2022).
A multitude of reports described the anticancer activities of

Schiff base complexes were investigated using variety of

human tumour cell lines including human liver carcinoma
(Hep-G2) cells (Ismail et al., 2021, Adwin et al, 2020), human
breast MCF-7 (Fayed et al., 2021; Ma et al., 2012), ovarian
cancer cell lines SKOV-3 (Sukanya et al., 2018; Sedighipoor

et al., 2019, Alorini et al., 2022), prostate cancer cell PC3
(Parveen et al., 2020; Tabassum et al., 2013), cervical cancer
cells HeLa (Ahamad et al., 2020; Andiappan et al., 2018;

Das et al., 2020), adenocarcinomic human alveolar basal
epithelial cells A 549 (Ali et al., 2020), human colon cancer cell
line HCT-116 (Dasgupta et al., 2020) and renal cell carcinoma

A498 (Garza-Ortiz et al., 2013).
Urea is a magnificent class of target organic compounds

owing diversely application in different fields covering biolog-

ical and coordination chemistry. Compounds derived from
urea fascinate researchers to create novel structures owing
multitude of biological activities and medicinal applications
(Sabir et al., 2021; Faidallah et al., 2011; Kollu et al., 2021).

The coordination of urea with various metal lead to multiple
target metallo-scaffolds manifesting different biological activi-
ties (Mohapatra et al., 2021; Sroor et al., 2022; Lin et al.,

2021). Complexes derived from urea were reviewed as potent
anticancer agents in many reports (Uprety et al., 2022). Many
structures of complexes involved urea moiety was investigated

as anticancer candidate including N-heterocyclic carbene
(NHC) complexes (Jakob et al., 2021), pyrimidine-pyrazoles
(Cherukumalli et al., 2022), 1,4-Diisocyanatobenzene

(Nagalakshmamma et al., 2021), 2-formyl tetrahydronaph-
thyridine (Zhang et al., 2022), thiazolyl-urea (Sroor et al.,
2022) and Biotinylated curcumin (Garza-Ortiz et al., 2013).

Complexes derived from the urea nucleus frequently mani-

fested anticancer activities toward several human cancer cell
lines, including prostate cancer cell PC3 (Abdullahi et al.,
2020, Aras and Yerlikaya, 2016), cervical cancer cells HeLa

(Poyraz et al., 2017), human breast cancer cell MCF-7 (Banti
et al., 2020), human lung cancer cell lines (NCI-H23)

http://creativecommons.org/licenses/by/4.0/
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(Vikram et al., 2020), human colon cancer cell line HCT116
(Xie et al., 2015), human monocytic leukemia cell line THP-1
(Asghar et al., 2017).

Many drugs introduced in the market containing urea moi-
ety, including Sorafenib (diarylurea) was prescript in the ther-
apy of advanced renal cell carcinoma (RCC) (Raoul et al.,

2018). Linifanib (diarylurea) is used as a therapy for non-
small cell lung carcinoma (NSCLC), liver cancer, breast can-
cer, colorectal cancer (Borriello et al., 2017). Tivozanib (diary-

lurea) shown considerable efficacy for the treatment of
advanced RCC over the past decade (Salgia et al., 2020)
(Fig. 1). In addition, several structures having aryl or diaryl
Schiff base possess significant activities toward human cancer

cells covering PC3, SKOV3, and HeLa (Fig. 1) (see Figs. 2-4).
As a consequence, we designed a new target scaffold ligand

owing both pharmacophores diaryl urea and diaryl Schiff base

in the same structure. Gathering the two patterns in one mole-
cule and combining their properties was our purpose and pre-
sents a new way to increase the efficiency of biologically active

molecules. In this work, we developed a novel molecule that
combines the pharmacophores diarylurea and diaryl Schiff
base. The synthesised target complexes were examined for min-

imal in vivo oral toxicity to establish their safety and approved
their efficacy as anticancer medicines for multidrug regimens.

The elaboration of novel anticancer drugs capable of curing
cancer diseases become a first challenge to the global health-

care system. In continuation to develop and discover new
structures having biological activities (Aroua et al., 2020;
Ghrab et al., 2017; Aroua et al., 2020, Ghrab et al., 2017) with

low in vivo toxicity in the same molecule, a series of novel urea
Schiff base complexes 2–8 were synthesized. The screening
Fig. 1 Design of novel Urea bri
activities of cytotoxic effect on PC-3, SKOV3, HeLa cancer
cell lines, and in vivo subacute toxicity were studied.

2. Experimental

2.1. General details

FT-IR spectra were achieved using Agilent FT-IR Spectrome-
ter Cary 600 with microscope in the range of 400–4000 cm�1.

The 1H and 13C NMR spectra were recorded on a 850 MHz
NMR spectrometer Bruker Avance III HD at 850 and
213 MHz, respectively. All spectra were obtained using

DMSOd6 as a solvent and referenced to TMS. Chemical shifts
of 1H NMR spectra are reported in parts per million (ppm) on
the d scale from an internal standard of residual DMSO

(2.50 ppm). Data are reported as follows: chemical shift, inte-
gration, multiplicity (s = singlet, d = doublet, t = triplet,
q = quartet, and m = multiplet) and coupling constant in
hertz (Hz). Chemical shifts of 13C NMR spectra are reported

in ppm from the central peak of DMSOd6 (39.52 ppm) on
the d scale. The elemental analysis was carried out on Flash
Smart Elemental Analyzer Thermo Fisher Scientific perform-

ing carbon, hydrogen and nitogen (CHN) analyses.
The melting points were measured in open capillary tubes

using The Stuart SMP30 Apparatus. Analytical TLC was per-

formed using Silica Gel 60 F254 plates (Sigma 40–60 lm). The
developed chromatogram was visualized under UV lamp
(254 nm). All commercially available reagents were purchased

from Sigma-Aldrich and used without further purification.
Absolute ethanol was used as solvent. All reactions were car-
ried using oven-dried glassware unless otherwise stated.
dged with Schiff base hybrids.
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2.2. Chemistry

2.2.1. General procedure for synthesis of (2-aminophenyl)-3-
(naphthalen-1-yl)urea (30)

1.08 g (10 mmol) of o-phenylenediamine in 15 mL of dichlor-
omethane was added to a solution containing 10 mmol of
naphthyl isocyanate in 40 mL of dichloromethane. The mix-
ture was stirred at room temperature for 30 mn. The reaction

progress was monitored by TLC using diethyl ether/hexane
(70/30) as eluent. The reaction mixture was filtered and the
crude solid was purified by recrystallization from ethanol.

White precipitate, yield: 90%; M.p. 280–282 �C; IR (cm�1)
m: 3258 (NH), 1646 (C = O), 1606 (C = N); 1547 (C = C);1H
NMR (850 MHz, DMSO d6) d(ppm): 8.85 (s, 1H, NH), 8.21–

8.17 (m, 2H, NH + Harom), 8.03 (dd, 1H, J = 7.6 Hz, Harom),
7.92 (d, 1H, J = 7.6 Hz, Harom), 7.61–7.57 (m, 2H, Harom),
7.55–7.53 (m, 1H, Harom), 7.49–7.45 (m, 1H, Harom), 7.40
(dd, 1H, J = 5.9 Hz, Harom), 6.87–6.85 (td, 1H, J = 8.5 Hz,

Harom), 6.77 (dd, 1H, J = 7.6 Hz, Harom), 6.60 (td, 1H,
J = 7.6 Hz, Harom), 4.85 (s, 2H); 13C NMR (213 MHz,
DMSO d6) d (ppm): 159.99, 141.39, 135.17, 134.22, 131.70,

128.88, 126.39, 125.20, 124.90, 124.25, 122.99, 121.90, 121.90,
117.90, 117.41, 117.29, 116.34. Elem. Anal. for C17H15N3O:
calcd C, 73.63; H, 5.45; N, 15.15; O, 5.77; found C, 73.65;

H, 5.43; N, 15.17; O, 5.75.

2.2.2. (2-(((3-hydroxynaphthalen-2-yl)methylene)amino)

phenyl)-3-(naphthalen-1-yl)urea (HL)

1.77 g (10 mmol) of aminodiarylurea in 20 mL of ethanol
added to a solution of 2-hydroxynaphthaldehyde (2.58 g,
15 mmol) in 20 mL of ethanol. The mixture was stirred

30 min at room temperature and then heated 18 h under reflux.
The reaction progress was monitored by TLC using diethyl
ether/petroleum ether (70/30) as eluent. The reaction mixture

was filtered and the crude solid was purified by recrystalliza-
tion from ethanol.

Light yellow, yield: 82%; M.p.243–245 �C; IR (cm�1) m:
3286(NH), 1643(C = O), 1572(C = N); 1547(C = C); 1H

NMR (850 MHz, DMSO d6) d(ppm): 15.12 (s, 1H, OH),
9.69 (s, 1H, NH), 9.22(s, 1H, NH), 8.73 (s, 1H, CH = N),
8.57 (d, 1H, J = 8.5 Hz, Harom), 8.17 (dd, 1H, J = 8.5 Hz,

Harom), 8.00 (d, 1H, J = 8.5 Hz, Harom), 7.97 (d, 1H,
J = 6.8 Hz, Harom), 7.93 (t, 2H, J = 6.8 Hz, Harom), 7.86
(d, 1H, J = 7.6 Hz, Harom), 7.65 (t, 2H, J = 7.6 Hz, Harom),

7.59–7.53 (m, 3H, Harom), 7.48 (t, 1H, J = 7.6 Hz, Harom),
7.40 (t, 1H, J = 7.6 Hz, Harom), 7.31 (t, 1H, J = 7.6 Hz,
Harom), 7.23 (t, 1H, J = 7.6 Hz, Harom), 7.15 (d, 1H,
J = 8.5 Hz, Harom);

13C NMR (213 MHz, DMSO d6) d
(ppm): 167.10, 158.92, 153.74, 138.77, 136.75, 134.74, 134.20,
133.39, 132.60, 131.72, 129.48, 128.84, 128.64, 127.52, 127.23,
126.78, 126.39, 126.13, 124.62, 124.11, 121.67, 123.33, 122.21,

121.31, 121.20, 120.20, 118.77, 110.11; Elem. Anal. for
C28H21N3O2: calcd C, 77.94; H, 4.91; N, 9.74; O, 7.42; found
C, 77.91; H, 4.93; N, 9.72; O, 7.44.

2.2.3. Preparation of complexes

To a solution of urea Schiff base HL1 (1) (1.5 mmol) in 20 mL
of ethanol was added an ethanolic solution of 1.5 mmol metal

chloride (NiCl2�6H2O, CoCl2�6H2O, FeCl3�6H2O, CuCl2�2H2-
O, ZnCl2, CrCl3�6H2O, MnCl2�3H2O) in L:M molar ratios of
1:1. The reaction mixture was stirred at room temperature
for 30 mn and the reaction mixture was refluxed for 3 h. The

progress of reaction was monitored with TLC (DMF/ethanol:
20/80). At the end of the reaction, the mixture was cooled, fil-
tered, washed many times with hot ethanol to remove the non-

reacting organic materials and dried under vacuum.
Ni(II) complex: Yellow, yield: 80%, Mp: 320 �C, IR: m

(cm�1): 3650 (br), 3272 (m), 3263 (m), 1647 (s), 1580 (s),

1596 (m), 631 (s), 551 (s), 451 (s). UV–Vis (ethanol), kmax

(nm): 490, 380, 330, 320, 290. Elemental Analysis: calcd C,
58.12; H, 4.53; N, 7.26. Found: C, 58.11; H, 4.50; Cl, N,
7.23. Molar conductivity Km (DMF): 12.8 X-1 cm2 mol�1.

Fe (III) complex: Brown, yield: 77%, Mp > 350 �C, IR: m
(cm�1): 3270 (m), 3260 (m), 1650 (s), 1619 (s), 1595 (s), 691 (s),
527 (s), 410 (s). UV–Vis (ethanol), kmax (nm): 460, 440, 380,

310, 260. Elemental analysis (%): calcd C: 56.69, H: 4.08, N:
7.08, Found C: 56.67, H: 4.06, N: 7.05. Molar conductivity
Km (DMF): 14.2 X-1 cm2 mol�1.

Cu (II) complex: Red, yield: 85%, Mp: 305 �C, IR: m
(cm�1): 3660 (br), 3272 (m). 3270 (m), 3262 (m), 1650 (s),
1575 (s), 1597 (m), 645 (s), 630 (s), 408 (s). UV–Vis (ethanol),

kmax (nm): 500, 380, 330, 310, 260. Elemental analysis (%):
calcd C: 55.87, H: 4.19, N: 6.98, Found C: 55.86, H: 4.16, N:
6.95. Molar conductivity Km (DMF): 20.3 X-1 cm2 mol�1.

Co (II) complex: Red, yield: 78%, Mp > 350 �C, IR: m
(cm�1): 3650 (br), 3268 (s), 3265 (m), 3263 (s), 3260 (m).
1647 (s), 1620 (s), 1575 (s), 1593 (m), 694 (s), 520 (s), 400 (s).
UV–Vis (ethanol), kmax (nm): 470, 320, 310, 255. Elemental

analysis (%): calcd C: 56.30, H: 4.22, N: 7.03, Found C:
56.29, H: 4.21, N: 7.01. Molar conductivity Km (DMF): 14.7
X-1 cm2 mol�1.

Mn (II) complex: Light Red, yield: 75%, Mp: 298 �C, IR: m
(cm�1): 3400 (br), 3280 (s), 3275 (m), 3265 (s), 3250 (m). 1649
(s), 1636 (s), 1590 (s), 687 (s), 549 (s), 398 (s). UV–Vis (etha-

nol), kmax (nm): 550, 470, 350, 260. Elemental analysis (%):
calcd C: 58.50, H: 4.56, N: 7.31, Found C: 58.48, H: 4.54, N:
7.28. Molar conductivity Km (DMF): 24.7 X-1 cm2 mol�1.

Zn (II) complex: Light yellow, yield: 85%, Mp: 285 �C, IR:

m (cm�1): 3600 (br), 3270 (s), 3275 (m), 3259 (s), 1650 (s), 1617
(s), 1594 (s), 692 (s), 519 (s), 405 (s). UV–Vis (ethanol), kmax

(nm): 580, 450, 380, 270. Elemental analysis (%): calcd C:

59.28, H: 4.26, N: 7.41, Found C: 59.25, H: 4.24, N: 7.39.
Molar conductivity Km (DMF): 13.6 X-1 cm2 mol�1.

Cr (III) complex: Red, yield: 70%, Mp: 270 �C, IR: m
(cm�1): 3270 (s), 3262 (m), 1650 (s), 1616 (s), 1592 (s), 695
(s), 656 (s), 617 (s), 409 (s). UV–Vis (ethanol), kmax (nm):
450, 370, 255. Elemental analysis (%): calcd C: 57.06, H:
4.10, N: 7.13, Found C: 57.03, H: 4.08, N: 7.11. Molar conduc-

tivity Km (DMF): 28.2 X-1 cm2 mol�1.

2.3. In vitro anticancer activities

2.3.1. Cell culture

The American type culture collection provided human cell

lines, prostate adenocarcinoma (PC-3), ovarian adenocarci-
noma (SKOV3), and cervical cancer cell line (HeLa) (ATCC).
In a humidified, 5% (v/v) CO2 condition, cells were incubated

in RPMI-1640 enriched with (100 g/mL); penicillin (100 units/
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L); and heat-inactivated foetal bovine serum (10 percent v/v) at
37 �C (OECD, 2001).

2.3.2. Cytotoxicity assay (assay for cellular toxicity)

Using the Sulphorhodamine B assay, the cytotoxicity of chem-
ical compounds was assessed against human tumor cells (PC-3,
SKOV3, and HeLa) (SRB). Before being treated with the

chemical compounds, 80 percent confluent proliferating cells
trypsinized and cultivated in a 96 well tissue culture plate for
24 h. Untreated cells (control) added to cells that exposed to

the six various concentrations of each drug (0.01, 0.1, 1, 10,
100, and 1000 g/ml). The cells were also given doxorubicin,
and they were exposed to the doses for 72 h before being fixed

with TCA (10% w/v) for 1 h at 4 �C. After repeated washes,
cells were stained for ten min in the dark with a 0.4% (w/v)
SRB solution. Glacial acetic acid, 1 percent (v/v), is used to

remove any remaining discoloration. The SRB-stained cells
dissolved in Tris-HCl after drying overnight, and the color
intensity was quantified in a microplate reader at 540 nm.
Using SigmaPlot 12.0 software, the correlation between viabil-

ity percentage of each tumor cell line and chemical concentra-
tions was analyzed to determine the IC50 (drug dose that
reduces survival to 50%). (Ghfar et al., 2021, Alam et al.,

2021).

2.4. In vivo acute oral toxicity assessment

In the current study, seven urea Schiff base complexes and par-
ent urea schiff base were evaluated their median lethal dose
(LD50) and five female rats were used for each compound.

The average of an animal’s body weight was 135.9 ± 9.4.
The animals were purchased from the Laboratory Animal
Centre of the Qassim University (QU), Saudi Arabia. The rats
were randomly selected and housed in polypropylene cages (5

rats/cage) for a week before dosing to adapt to laboratory con-
ditions. The animals were kept under a standard condition in a
ventilated room with a steady light (12 hr): dark (12 hr) cycle

and temperature (24 ± 2 �C). The standard food pellets (1st
Milling Company, Qassim) and water were provided ad libitum.
All experimental procedures on animals were conducted

according to the regulations of the Research Unit, College of
Pharmacy Unaizah, and Qassim university’s roles and regula-
tions. The Committee of Research Ethics, Deanship of Scien-
tific Research, QU (Ethics number 20-02-02), approved all

the experimental procedures.
Acute oral toxicity (LD50 evaluation):

To evaluate the safety use, an acute oral toxicity test was

used to determine the median lethal dose (LD50) for each syn-
thesized Schiff-based urea hybrid compound-complex.
According to the Organization for Economic Co-operation

and Development (ORCD) guideline for testing chemicals
(OECD, 2001). After overnight fasting with access to water,
the animals were fed orally with a single dosage of 175, 550,

1000, and 2000 mg/kg for each synthesized Schiff-based urea
hybrid complex by oral gavage. Before dose administration,
the bodyweight of each animal was determined, and the dose
was calculated according to body weight. For the vehicle con-

trol group, 0.5 DMSO was administered. Feeding was started
3–4 hrs after dosing, and animals were observed at 30 min, 2,
4, 8, 24, and 48 hrs up to 14 days to monitor any toxicological

signs or mortality after 14 days.
2.5. Statistics

Data were analyzed using SPSS software version 23 (SPSS,
Inc, Chicago, USA). Numeric parametric data were presented
in the mean and standard error of mean. One-way ANOVA

followed by post-hoc Dunant test (less than ligand) was used
for comparing IC50 and bodyweight of the animal for Urea
Schiff-based complex compounds with urea Schiff base. The
P-value<0.05 was considered statistically significant.

3. Results and discussion

3.1. Chemistry

Our strategy started with the synthesis of ligand HL via the

condensation in equimolar amounts of o-phenylenediamine
and naphthyl isocyanate in anhydrous dichloromethane
under catalyst-free conditions. The reaction afforded the amin-

odiarylurea in good yield (90%) after purification following
Scheme 1. Aminodiarylurea was converted into the corre-
sponding urea Schiff base HL 1 in the presence of 2-

hydroxynaphthaldehyde under reflux (Scheme 1).
The metal complexes were synthesized in L:M ratios 1:1

(Scheme 2) via the reaction of ethanolic solution of ligand
HL (1) and metal chloride salts (NiCl2�6H2O, FeCl3�6H2O,

CuCl2�2H2O, CoCl3�6H2O, MnCl2�3H2O, ZnCl2, CrCl3�6H2-
O). The target metal complexes were characterized by FT-IR
spectroscopy, UV–Vis electronic absorption, elemental analy-

sis, Thermal analysis, X-ray powder diffraction, and SEM,
as well as molar conductivity and magnetic susceptibility
study.

3.1.1. 1H and 13C NMR spectra
1H NMR spectrum of ligand HL exhibited downfield singlet at
15.12 ppm attributed to hydroxyl phenolic proton. The spec-

trum also manifest two singlets at 9.52 and 8.92 ppm, respec-
tively corresponding to NH of urea moiety. At 8.54 ppm, the
azometine proton appeared as a doublet. The other aromatic

protons were detected in the common region of aromatic pro-
tons at dH 8.28–7.01 ppm. The 13C NMR of compound 5f indi-
cated a singlet for hydroxyl carbon at 167.1 ppm and a singlet
for the urea moiety carbonyl group at 161.59 ppm. The addi-

tional aromatic carbons appeared in the usual aromatic region
at dC 153.7–110.1 ppm.

3.1.2. Molar conductivity measurements

The molar conductance values of the complexes in DMF (10-
3M) are in the range of 12.8–28.2 X-1 cm2 mol�1 (Table 1), the
low values indicate the non-electrolytic nature of the com-

plexes (Al-Hakimi et al., 2011; El-saied et al., 2020; El-Tabl
et al., 2012). This confirms that the anion is coordinated to
the metal ion.

3.1.3. Magnetic moments susceptibility

Room temperature magnetic moments of the complexes (2–8)
was summarized in Table 1. Ni(II) complexes (2) show param-

agnetic values (2.75 BM) confirming octahedral geometry
around the Ni(II) ion. Fe (III) complex (3) shows a value
5.66B.M, indicating high spin iron(III) octahedral geometry.

Complex (4) shown value (1.73B.M.) indicating octahedral



Scheme 1 Synthesis of urea Schiff base HL.

Fig. 2 (A) HOMO and (B) LUMO of Ligand HL.
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geometry around Cu(II) ion. Cobalt(III) complex (5) shown
value 4.2B.M. (Table 1), indicating high spin octahedral
cobalt(II) complex. The magnetic moment value for man-

ganese(II) complex (6) is 4.92B.M. suggest high spin octahe-
dral geometry around the manganese(II) ion. Small value of
the magnetic susceptibility here is due to electron – electron

interaction (Al-Hakimi et al., 2011, Al-Hakimi et al 2020,
Buldurun et al., 2021). zinc(II) complexes (7), and cadmium
(II) complex (9) show diamagnetic values. Chrome complex

(8) shown value 1.82B.M indicating low spin octahedral geom-
etry around Cr(III) ion.

3.1.4. Infrared spectra

Infrared Spectra is one of the important techniques through
which we identify the functional groups of chemical com-
pounds. In addition, this technique makes it possible to iden-
tify the bonding points between the studied ligands and

metal ions in the complexes. In this study, the ligand HL

showed various vibrations at different values indicating the
existing functional groups on the ligand. The ligand showed
a sharp vibration band in the value 3500 cm�1 indicating the
vibrations of the phenolic hydroxyl group (Table 2). In addi-
tion, two vibration bands appeared at the values 3272 cm�1

and 3260 cm�1, indicating the vibrations of (NH) group, while
the vibrations of the carbonyl group (C = O) appeared at the
value 1647 cm�1. As for the (N = CH) azomethine group, it

appeared at a value of 1616 cm�1, while the infrared spectrum
showed vibration bands at 1576 cm�1 indicating the vibrations
of the bonds (C = C).

As in complexes (2), (3), (6) and (8), the ligand behavior in
metal complexes is monobasic bidentate in which the ligand
bonded to the metals ions through the enolic hydroxyl group,
and azomethine (C = N) group through nitrogen atoms

(Table 2). This bonding behavior was confirmed by disappear-
ance the bands characteristic of hydroxyl group m(OH) in all
complexes. On the other hand, the ligand behavior neutral

bidentate as in complexes (4) and (5) in which the ligand coor-
dinated to the metals ions through the oxygen of hydroxyl
group, and azomethine (C = N) group through nitrogen

atoms.



Scheme 2 Synthesis of urea Schiff base complexes.
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The metal complexes also present vibration bands ranging

3265–3600 cm�1 indicating the vibrations of water molecules.
The vibrations of the hydroxyl group associated with the metal
ion appeared at the values of 3480 and 3450 cm�1, respectively,

as a sharp and a medium band. It also mentioned a shift in the
vibrational bands of the azomethine group between (1595–
1611) cm�1 indicating the bonding of metal ions through the

nitrogen atom in the group. The metal complexes also showed
vibration bands between (631–695) cm�1, (520–567) cm�1 and
(401–410) cm�1 indicating the vibrations of m(M�O), m(M�N)

and m(M�Cl) respectively (Al-Hakimi, 2020; Shakdofa et al.,
2017; El-Saied et al., 2018).

3.1.5. UV– vis spectra

The ligand HL1 (1) showed absorption bands at 390, 300 and
220 nm indicating to the electronic transitions of free electrons
on nitrogen and oxygen atoms, p electrons and r electrons so
that the transitions were n ? p*, p ? p * and r ? r * respec-

tively (Table 3). As for the metal complexes, there has been a
shift of these absorption bands and the emergence of other
absorption bands that indicate the characteristic electronic
transitions of the transition metals represented by d-d

transitions.
In the nickel (II) complex (2), absorption bands appeared in

the visible region at the values of 490 and 380 nm due to elec-

tronic transitions3A2g(F) ? 3T1g(P) (t1),
3A2g(F) ? 3T1g(F)

(t2) respectively indicating an octahedral nickel(II) complex.
On other hand, the complex (3) for iron (III) showed absorp-

tion bands at the values of 510, 440 and 380 nm indicating that
the two and three bands are due to charge transfer transition
while the first band is considered to arise from the 6A1?

4T1

transition, these bands suggest, distorted octahedral geometry
around the iron(III). The copper complex (4) also showed two
absorption bands in the visible region at 500 and 390 nm indi-
cating to 2B1 ? 2E and 2B1 ?

2B2 transitions. The deformed

octahedral shape around the Cu(II) ion is shown by these
transitions.

The cobalt complex (5) showed two absorption bands at

520 and 380 nm due to electronic transitions 4T1g (F) ?
4T1g (P) and 4T1g (F) ?4A2g transitions respectively, corre-
sponding to cobalt (II) octahedral complex. The metal com-

plex (6) showed absorption bands at 550, 470 and 390 nm
(Table 3), indicating to the electronic transitions 6A1g ? 4Eg,



Fig. 3 1H NMR spectrum of compound ligand HL.

Fig. 4 13C NMR spectrum of compound ligand HL.
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Table 3 Electronic transition of the ligands and their metal

complexes in ethanol.

No. Ligand /

Complexes

kmax (ethanol) e (mol�1 cm�1)

1 HL (C28H21N3O2) 390, 300, 220 7.7 X10-3, 5.2 X10-3

2 C28H26ClN3NiO5 490, 380, 330,

320, 290

2.5 X10-4, 3.1 X10-4,

2.0 X10-3

3 C28H24Cl2FeN3O4 460, 440, 380,

310, 260

4.1 X10-4, 1.2 X10-4,

1.2 X10-3

4 C28H25Cl2CuN3O4 500, 380, 330,

310, 260

1.5 X10-4, 3.2 X10-4,

1.2 X10-3

5 C28H25Cl2CoN3O4 470, 320, 310,

255

3.2 X10-4, 3.0 X10-4,

1.4 X10-3

6 C28H26ClMnN3O5 550, 470, 350,

260

1.8 X10-4, 2.2 X10-4,

2.3 X10-3

7 C28H24ClN3O4Zn 580, 450, 380,

270

3.1 X10-4, 3.1 X10-4,

4.2 X10-3

8 C28H24Cl2CrN3O4 450, 370, 255 5.3 X10-3, 4.1 X10-4,

4.1 X10-3

Fig. 5 UV–vis spectra of ligand and their complexes.

Table 1 Analytical and some physical characteristics for the ligand and its metal complexes.

N. Comp. Color M.Wt. Calc. (Found)% Ka
M Yield

C H N M (%)

1 HL (C28H21N3O2) Light Yellow 431.50 77.94(77.92) 4.91(4.89) 9.74(9.72) — ——— 80

2 C28H26ClN3NiO5 Yellow 578.68 58.12(58.11) 4.53(4.50) 7.26(7.23) 10.14 12.8 80

3 C28H24Cl2FeN3O4 Brown 593.26 56.69 (56.67) 4.08(4.06) 7.08 (7.05) 9.41 14.2 77

4 C28H25Cl2CuN3O4 Red 601.97 55.87 (55.86) 4.19(4.16) 6.98(6.95) 10.56 20.3 85

5 C28H25Cl2CoN3O4 Red 597.36 56.30 (56.29) 4.22(4.21) 7.03(7.01) 9.87 14.7 78

6 C28H26ClMnN3O5 Light Red 574.92 58.50 (58.48) 4.56(4.54) 7.31 (7.28) 9.56 24.7 75

7 C28H24ClN3O4Zn Light yellow 567.35 59.28 (59.25) 4.26(4.24) 7.41 (7.39) 11.17 13.6 85

8 C28H24Cl2CrN3O4 Red 589.41 57.06 (57.03) 4.10(4.08) 7.13(7.11) 8.82 28.2 70

Table 2 IR spectra (assignments) of the Ligand (1) and its metal complexes.

No. m (OH) m(lattice H2O) and Coord). m (NH) m (C = O) m(C = N) m(C = C)Ar m(M�O) m(M�N) m(M�Cl)

(1) 3321 ———— 3272, 3260 1646 1616 1576 ———— ———— ———

(2) ————— 3650–3000 3272,3263 1647 1580 1596 631 551 415

(3) ————— ————— 3270,3262 1650 1575 1597 645 630 408

(4) ————— 3660–3270 3272,3260 1650 1619 1597 691 527 410

(5) 3260–2980 3650–3265 3268,3263 1647 1620 1593 694 520 400

(6) 3400–3250 3670–3280 3275,3259 1649 1636 1590 687 549 398

(7) —————— 3600–3270 3270,3265 1650 1617 1594 692 519‘ 405

(8) ————— ——————— 3270,3262 1650 1616 1592 695, 656 617 409
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6A1g ?
4T2g and

6A1g?
4T1g transitions which are compatible

to an octahedral geometry around the manganese(II) ion metal

complexes (7), and (8) showed various absorption bands due to
LMCT transition or indicating intra ligand transitions (Al-
Hakimi et al.,2011, El-Tabl et al., 2012, Shakdofa et al., 2021).

3.1.6. Thermal analysis

Thermal study of the Schiff base ligand HL and its metal com-
plexes was carried out to determine its thermal stability. Also,

to confirm whether the status of the water inside or outside the
central metal ion coordination spheres. The thermo gravimet-
ric analysis (TGA) curves in the range of 27–800 �C indicate

the stability of the complexes. The TGA results of some com-
plexes matched the elemental analysis formula. The TGA data
clearly showed that the complexes were decomposed in sequen-
tial processes (El-Tabl et al., 2012, Shakdofa et al., 2021, Al-

Hakimi et al., 2021, Turan et al., 2021).
Complexes 2, 4,6 and 8 decayed in four steps. The 1st step

occurred at 60–90 �C with losses of 6.25, 5.96, 6.24 and 9.20%

(calcd. 6.22, 5.98, 6.26 and 9.16%, respectively) because of the
sequential removal of hydrated water molecules (Table 4). The
2nd step happened in the 130–150 �C range with weight losses

of 9.30, 5.95, 9.39 and 6.10% (calcd. 9.33, 5.98, 9.39 and
6.11%, respectively) as due to the elimination of coordinated
water molecules. The 3rd stage happened in range of 230–

250 �C with losses of 6.30, 6.10, 6.34 and 12.23 wt% (calcd
6.31, 6.06, 6.34 and 12.20%, respectively) corresponding to
hydrochloride molecules were removed. The final stage
occurred at (560, 550, 5650 and 590) to (620, 650, 650 and

650) oC range with weight losses of 65.20, 68.60, 63.01 and
46.54% (calcd. 65.23, 68.78, 62.89 and 64.89% respectively)
for each of the three complexes respectively, corresponding

to the complexes’ full degeneration and transformation to
metal oxides 12.91, 13.21, 15.12 and 25.79% (NiO, CuO,
MnO2 and Cr2O3) respectively.



Table 4 Thermal analysis of metal complexes.

Comp.

No.

Loss hydrated water % at (60-

90) 0C Calc. (found)

Loss coordinated Water % at

(130-150) 0C Calc. (found)

Loss chloride % at (230-

250) 0C Calc. (found)

% of the remaining portionat

(550- 650) 0C Calc. (found)

2 6.22 (6.25) (2H2O) 9.33 (9.30) (3H2O) 6.31 (6.30) (HCl) 12.91 (13.01) (NiO)

3 —————— 6.10(6.31) (2H2O) 12.30 (12.22) (2HCl) 26.92 (26.90) (Fe2O3)

4 5.98(5.96) (2H2O) 5.98 (5.96) (2H2O) 6.06 (6.10) (2HCl) 13.21 (13.11) (CuO)

5 ——————— 6.02 (6.09) (2H2O) 11.88 (11.84) (2HCl) 27.80 (27.76) (Co2O3)

6 6.26(6.24) (2H2O) 9.39 (9.39) (3H2O) 6.34 (6.34) (HCl) 15.13 (15.20) (MnO2)

7 —————— 9.51 (9.45) (3H2O) 6.43 (6.41) (HCl) 14.33 (14.35) (ZnO)

8 9.16(9.20) (3H2O) 6.11 (6.10) (2H2O) 12.20 (12.23 (2HCl) 25.77 (25.77) (Cr2O3)
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Complexes 3, 5, and 7 decomposed in three steps. At a tem-

perature range 130–150 �C, the first step occurred with weight
loss of 6.31, 6.09 and 9.45% (calcd. 6.10, 6.02 and 9.52%,
respectively) due to the removal of coordinated water mole-
cules (Table 4). The 2nd stage happened at a temperature

range 230–250 �C with weight losses of 12.22, 11.84 and
6.41% (calcd. 12.30, 11.88, and 6.43% respectively), indicating
the removal of hydrochloride molecule. The 3rd step happened

between 550 and 650 �C range with weight losses of 54.65,
60.13 and 69.66% (calcd. 54.68, 60.11 and 69.70% respec-
tively) relating to the complexes’ degeneration and transforma-

tion to metal oxides 26.90, 27.80 and 14.33% respectively
(calcd. 26.92, 27.76 and 14.35% respectively) (Fe2O3, Co2O3,
and ZnO) respectively (Al-Hakimi et al., 2021, Alorini et al.,

2022).
Table 5 XRD data of ligand and their complexes.

Parameters HL (1)

a (Å) Lattice constant 12.320(19)

b (Å) 23.41(3)

c (Å) 11.01(2)

a (�) Inter axial angle 90

b (�) 90.1(3)

c (�) 90

Crystal system Monoclinic

Space group P2

Unit cell Volume (Å3) 3177(9)

Crystallite Size 80(9)

Fig. 6 A: XRD of ligand (1), B: XRD of nickel co
3.1.7. XRD analysis

The XRD measurement output data was processed and
enhanced utilizing software. The crystal structure data of the
complexes matched with the crystal systems.. Table 5 lists the

complexes parameters of the unit cell. The differences in com-
puted unit cell volumes were caused by the sizes of the impurities
present in the base material. Notably, the ligand (1), and com-

plex 7 exhibit monoclinic crystal systems. Complex 2, whose
XRD spectrum is shown a tetragonal crystal system. Complexes
5 have orthorhombic crystal systems. On the other hand, the

other complexes showed a random shape during the analysis
using XRD, this may be because the powder of these samples
was not in good shape (Alorini et al., 2022) (see Fig. 6).
Complex 2 Complex 5 Complex 7

8.318(13) 11.6(2) 31.58(11)

31.24(4) 11.5(3) 3.950(11)

14.31(3) 10.0(4) 19.86(3)

90 115.6(13) 90

93.69(12) 104.0(19) 90

90 73.4(16) 90

Tetragonal Orthorhombic Monoclinic

P4 P2 P2

3710(11) 1145(55) 2478(12)

177(28) 21(2) 86

mplex (2) and (C) XRD of cobalt complex (5).
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3.1.8. SEM analysis

The studied compounds showed various shapes when analyzed

using the SEM (Fig. 7). The ligand HL 1 appeared in a sticky
shape, while the complexes 2 and 7 appeared in a spherical
shape, and the complex 5 appeared randomly (Alorini et al.,

2022) (see Figs. 7-11).

3.2. Anticancer study

The in vitro anticancer studies of ligand HL 1 and metal com-
plexes 2–8 were screened against three cancer cell lines PC3

(prostate), SK-OV-3 (ovarian), and HeLa (cervical), SBR tests

with six different concentrations of each chemical (0.01, 0.1, 1,
10, 100, and 1000 mg/mL) were used to calculate IC50. The
results in Table 6 indicate that tested compounds in the actual
study manifested higher cytotoxic activity against selected

human cancer cells than those described in previous studies
(Matela et al., 2020, Poyraz et al., 2017).
Fig. 8 in vitro antiproliferative activities of ligand and its complexes

mean ± SEM for three replications. Significant between ligand and its

ANOVA followed by post-hoc Dunant test (less than ligand) (P < 0.

Fig. 7 SEM image of compounds: A: ligand HL (1), B: nickel
Mentioned in the Table 6, both Nickel complex 2 and Iron
complex 3 were more active than ligand HL 1 toward three
cancer cells. Nickel complex displayed a moderate activity

against PC3, SK-OV-3 and HeLa cancer cells with IC50 value
of 6.56 ± 0.56, 7.17 ± 1.89 and 5.83 ± 2.00 lg/mL respec-
tively. Also, iron complex increase the activity and present a

strong efficiency than ligand HL 1 with IC50 value of
5.05 ± 0.66, 9.32 ± 0.81 and 5.44 ± 0.60 lg/mL toward
PC3, SK-OV-3 and HeLa respectively.

Cobalt complex 5, display weak activity against cancer
cells PC3 with IC50 value of 18.89 ± 1.70 and lg/mL in
comparison with the free ligand 1 with IC50 value of 8.71
± 0.50 lg/mL, exhibited a moderate activity toward HeLa

with IC50 of 6.67 ± 0.80 and manifested a strong inhibition
growth against ovarian cancer cell SKOV3 with IC50 value
of 0.73 ± 0.06 lg/mL. Chromium complex 8 presented a

moderate activity against human prostate cancer cell line
PC3 and increase considerably the activity toward ovarian

cancer cell SKOV-3 and cervical cancer cell HeLa with
against PC3, SKOV-3, and HeLa cancer cells. Data represents as

complexes at different cancer cell was tested by adopting one way

05; * P < 0.05; ** P < 0.01; *** P < 0.001).

complex (2), C: cobalt complex (5) and D: zinc complex (7).



Fig. 9 The dose–response curves cytotoxicity of complexes towards PC3, SKOV-3, and HeLa human cell lines. Cells were exposed to

metal complexes with different concentrations for 72 h. Cell viability was determined by SRB stain.
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Fig. 10 The body weight of animals on day 1 of the experiment and at the end of observation day 14. The data represent mean ± SEM.

No significant occurred in body weights of animals for control, the ligand (HL) and its complexes.

Table 6 The IC50 values (lg/mL) of the evaluated ligand HL 1 and its metal

complexes 2–9 screened for human cancer cells PC3, SK-OV-3 and HeLa.

*Each data represents mean and standard deviation of three replicates. Cells were exposed to

metal complexes with different concentrations for 72 h. Cell viability was determined by SRB

stain.
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IC50 value of 0.95 ± 0.11 and 0.79 ± 0.06 lg/mL

respectively.
Regarding Fig. 5, both manganese complex (6) and zinc

complex (7) presented a moderate activity against anticancer

cells PC3 and Hela and exert an excellent anti-proliferation
activity toward ovarian cancer cell SKOV-3 with IC50 value
of 0.84 ± 0.17, 0.12 ± 0.06 and 1.82 ± 0.10 lg/mL respec-
tively compared with Dox (2.2 ± 0.02 lg/mL).

Consulting Fig. 5, it is clear that copper complex 4 evolved
the best results against three cancer cells PC3, SKOV3, and
HeLa, and manifested an excellent activity with IC50 values

of 0.71 ± 0.06, 0.12 ± 0.06, and 0.79 ± 0.23 lg/mL, respec-
tively in accordance with previous reports (Hernández-
Romero et al., 2021) and also manifested higher activity than

standard drug reference Dox (See Table 6).
It is worth to mention, that most synthesized complexes

demonstrate higher efficiency than clinically used drug such

as cisplatin (IC50 � 2.4 mg /mL) (Ray et al., 2007), estramustine
(IC50 � 0.35 mg /mL) (Nicholson et al., 2002) and etoposide
(IC50 � 17.4 mg /mL) (Hernández-Romero et al., 2021).
For the most active complex, copper complex exhibited

cytotoxity activity against HeLa cancer cell more active than
analog compounds in previous studies (Kumaravel et al.,
2018). The copper complex displayed also excellent activity

toward SK-OV3 cancer cell, while analogs in other studies
was inactive (Sukanya et al., 2018; Yang et al., 2016).

In summary, most of synthesized complexes displayed
stronger inhibition growth of cancer cell than ligand HL 1

approving that incorporation of metal considerably enhances
the anti-proliferative against three cancer cells PC3, SKOV3,
and HeLa. The best result was observed with copper complex

which is considered the most effective of this series exhibiting
an excellent activity against three cancer cells and it is consid-
ered more active than clinically used drug doxorubicin. It is

explicit to remark that majority of target synthesized com-
plexes except for nickel and iron complexes manifested an
excellent activity, especially toward ovarian cancer cell line

SKOV-3 with IC50 values of 0.73 ± 0.06, 0.84 ± 0.17,

1.82 ± 0.10, 0.95 ± 0.11, and 0.12 ± 0.06 lg/mL for cobalt,
manganese, zinc, chrome and copper complexes respectively



Fig. 11 Dissection Photos of animals after 14 days of the experiment, A:: General dissection photo: Body of the animal dissection photo

of animal, B: B: dissection photo: Liver of the animal C: C: dissection photo: kidney of the animal.
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compared with Dox (2.2 ± 0.02 lg/mL) which authorize pro-
moters to use them as candidate anticancer agents.

3.3. In vivo acute oral toxicity assessing

All urea Schiff based hybrid complex and control induced no
significant toxicity in in vivo experiment.

The rats were treated once either with urea Schiff-base
hybrid complex (suspended in 0.5 DMSO) at the range of
dosages of 175, 550, 1000, and 2000 mg/kg were used. After
14 days of the experiment, no mortality was observed, and

all the rats were alive during the treatment period. There were
no significant changes in body weight or gross appearance of
liver and kidneys on the experimental animals. Neither physi-
cal abnormalities nor behavioral changes were observed during

the treatment period when compared whith control group. The
LD50 is more than 2000 mg/kg in female rats.

4. Conclusion

Physicochemical techniques were used to analyze mononuclear
complexes 2–8 containing hybrid Urea Schiff base HL that

were prepared using a range of metal chloride salts in L:M
ratios of 1:1. The low molar conductance value implies that



Cytotoxic urea Schiff base complexes for multidrug discovery as anticancer activity and low in vivo oral assessing toxicity 15
the complexes are non-electrolytic and confirms the coordina-
tion of ions to metal complexes. The results further show that
the ligand HL forms an octahedral geometry with metal ions

as a monobasic or neutral monodentate chelator via the nitro-
gen of azomethine and the deprotonated/protonated phenolic
oxygen atom. The XRD study of the ligand and its complexes

revealed a monoclinic, tetragonal, orthorhombic, and hexago-
nal system, which corresponded to the urea Shiff base (1) and
zinc, nickel, and cobalt complexes, respectively. Based on the

findings of this study’s cytotoxicity and toxicity evaluations,
it can be stated that the ligand has modest activity. Nickel
and iron complexes have moderate inhibition against three
cancer cells: PC3, SKOV3, and HeLa. Copper complexes pro-

duced the greatest effects, with IC50 values of 0.72 0.04, 0.12
0.04, and 0.79 0.13 g/mL, respectively, against three cancer
cells PC3, SKOV3, and HeLa. Furthermore, in vivo toxicity

tests revealed that the urea Schiff base complexes were harm-
less. There was no mortality, and all of the rats survived the
treatment term. Overall, the results show that five urea Schiff

base complexes, including cobalt, manganese, zinc, chrome,
and copper, can be effective and prospective chemotherapeutic
medicines for the ovarian cancer cell SKOV 3, with the copper-

urea Schiff base complex being the most promising.
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2021a. Solvent effects on the electronic and optical properties

of Ni (II), Zn (II), and Fe (II) complexes of a Schiff base

derived from 5-bromo-2-hydroxybenzaldehyde. J. Chem. Res

45, 753–759.

Buldurun, K., Turan, N., Bursal, E., Aras, A., Mantarcı, A., Çolak,
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