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Original Article
Synthesis of Rhodanine-N-acetic Acid Metal Complexes: 
Bioactivity of Its Iron Complex as Potential Prodrug 
Approach for Alzheimer’s Disease

Background: Heavy metal accumulation has been shown to improve memory impairment, 
which is the most visible symptom of Alzheimer’s disease (AD). 

Objectives: This study was conducted to select and synthesize rhodanine-N-acetic acid 
(ROD) ligand as an azosulpha drug, as well as its metal complexes containing Fe(III), Mn(III), 
and Cu(II), to evaluate the iron complex’s bioactivity in Swiss Albino rats.

Methods: A new series of metal complexes were synthesized and characterized using 
elemental analysis, magnetic susceptibility, spectroscopic, and analytical methods, including 
Fourier-transform infrared spectroscopy (FT-IR), inductively coupled plasma (ICP), and 
thermogravimetric analysis (TG). The effects of heavy metal accumulation of the characterized 
iron complex on rats were investigated through in vivo studies. 

Results: The results indicated that as the iron load in the liver and spleen tissues increased, the 
iron-binding capacity of the ROD ligand also significantly increased.

Conclusion: These findings suggest that the activity of ROD metal complexes should be 
investigated further as a potential prodrug for AD.
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Introduction

ature impacts human health from physical, 
chemical, biological, and socio-cultural 
perspectives. Paracelsus, a chemist and 
physician, stated that all substances pres-
ent in nature are also poisons that can have 
a toxic effect. He pointed out that the dif-

ference between the toxicity and the therapeutic effect 
of a substance is related to the amount of the substance 
present in the human body [1-3]. From this perspective, 
while heavy metals sometimes cause diseases, metal 
complexes can also serve as treatments. 

Alzheimer’s disease (AD), a neurodegenerative brain 
disorder that causes mental and behavioral disorders, es-
pecially forgetfulness, is primarily associated with old 
age, and there is currently no radical solution for its treat-
ment. However, several new treatments have shown a 
progress-stopping or slowing effect on the disease [4]. 
The harmful role of metal ions in AD has inspired re-
search into various metal chelators, especially focusing 
on Zn (II), Fe(III), and Cu(II). Studies have found that 
increased concentrations of iron in the brains of patients 
with AD are significant [5].

Epidemiological studies conducted in different parts of 
the world have shown a relationship between aluminum 
levels in drinking water and AD, dementia, or cognitive 
damage. In post-mortem studies, it was observed that 
the levels of aluminum in the brain were increased in 
diseases, such as AD, amyotrophic lateral sclerosis, and 
Parkinson’s disease [6-9]. Cu (II), which has a neuro-
toxic effect, increases Aβ accumulation in the brains of 
rats. In addition, increased concentrations of iron were 
found in the hippocampus of patients with AD in recent 
studies [10-13]. 

AD is one of the most common types of dementia in 
autopsy results and clinical settings. It is characterized 
by progressive memory loss, cognitive decline, and neu-
ronal degeneration [14]. Epidemiological studies suggest 
that aluminum may not be as innocuous as previously 
thought and that it may actively promote the onset and 
progression of AD [15]. In terms of other metals, besides 
heavy metal accumulation, curcumin complexes of Fe 
(III) and Mn (II) can have positive effects on memory 
impairment, which is the most prominent symptom of 
AD. To investigate this, the effect of beta-amyloid 25-35 
protein, which plays an important role in the pathology 
of the disease, was compared with the effects of metal 
complexes [16]. 

There are also studies investigating the drug proper-
ties of rhodamine, which demonstrate its ability to form 
stable complexes with Fe(III), Cu(II), Zn(II), acting as 
iron chelators that are useful in diseases, like AD, where 
metal-induced oxidative stress is a key feature [17]. While 
the study focuses on antibacterial activity, the enzyme 
inhibition and metal binding show how rhodanine scaf-
folds can be repurposed for multi-target strategies in neu-
rodegeneration. Thus, it can be stated that rhodanine is a 
pharmacophore compatible with bioactive hybrid design, 
enhancing chealation and pharmacokinetic properties [18, 
19]. Although there are studies of azosulpha drugs, such 
as anticancer, antibacterial, antiviral, and antifungal activi-
ties, very few are related to dementia as octahedral metal 
complexes [20, 21]. Considering all these features, it can 
be concluded that rhodanine is promising for the design 
of hybrid molecules that could potentially be applied to 
Alzheimer’s pathology. 

This study aimed to synthesize metal complexes of 
the Rhodanine-N-acetic acid (ROD) ligand with Fe(III), 
Mn(III), and Cu(II), and to evaluate the bioactivity of 
the iron complex in rats as an azosulpha drug. Due to re-
strictions on the use of experimental animals, bioactivity 
testing was conducted exclusively on the iron complex. 

Materials and Methods

ROD, ethanol, sodium hydroxide, and physi-
ological saline solution were purchased from Merck. 
Manganese(III) acetate dihydrate was purchased from 
Sigma-Aldrich. Iron (III) chloride was purchased from 
Fluka. Copper(II) chloride hexahydrate was purchased 
from Riedel-de-Haen. Infrared spectra were recorded 
using the KBr disk method with a Perkin-Elmer RX-1 
Fourier-transform infrared (FT-IR) spectrometer (4000-
400 cm⁻¹). Elemental analysis for carbon and hydrogen 
content was conducted using a Thermo Scientific Flash 
2000 CHNS Analyzer. Magnetic susceptibility mea-
surements were performed using a Sherwood Scientific 
device. Thermal examinations were performed on a 
Perkin Elmer Pyris Diamond Thermogravimetric (TG) 
/ DTA thermal analyzer under nitrogen atmosphere at 
25-800 °C for 10 min. Melting point determination was 
performed using a Gallenkamp device, and inductively 
coupled plasma (ICP-OES) analysis was conducted with 
a Perkin-Elmer Optima 2100DV ICP device.

General procedure of metal complexes

Five millimoles of iron(III) chloride, manganese ace-
tate dihydrate and copper (II) chloride hexahydrate salts 
were separately dissolved in 40 mL of ethanol. Then, 10 

N

Sabahsan E, et al. Rhodanin-N-acetic Acid Metal Complexes and Iron Accumulation in Rats. PBR. 2025; 11(2):159-172.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


161

 June 2025. Volume 11. Number 2

mL of an ethanol solution containing 5.0 mmol of the 
ROD ligand was added in a 1:1 mole ratio. A 1 M so-
dium hydroxide solution was added dropwise to adjust 
the pH of the solutions to approximately 8-8.1, 7-7.4, 
and 7-7.8, respectively. The mixture was stirred at 60 °C 
for 15-20 min. Dark-brown iron (III) complex 1, dark-
brown manganese complex 2 and dark purple copper 
(II) complex 3 precipitates were filtered off and washed 
several times with ethanol. The products were allowed to 
dry under vacuum [22]. 

Application of experiments on rats 

Swiss Albino white male rats weighing 200-250 g, pro-
vided by the Cukurova University, Faculty of Medicine 
Experimental Medical Research and Application Cen-
ter (CUTF-DETAUM), were used as the experimental 
animals in this study. The rats were placed in cages with 
six rats each, under standard laboratory conditions and 
ethical rules specified in the DETAUM directive. The 
application strategy for Fe-metal complex 1 is shown in 
Figure 1. 

Experimental groups and application order

Thirty-six male Wistar albino rats, weighing between 
200 and 250 g, were acquired from the Centre for Medi-
cal Research and Application (TIPDAM) at Çukurova 
University, Adana, Turkey. They had free access to water 
and chow ad libitum. All procedures were conducted ac-
cording to the institutional guidelines concerning animal 
experimentation. The rats were divided into four differ-
ent groups and treated for 10 days.

Since the number of animals that could be used was 
limited, only Fe metal and a single concentration could 
be applied. The rats were divided into four groups ac-
cording to the experimental protocol. There were 6 male 
rats in each group. Group I (the control group) consisted 
of healthy rats that received an injection of 0.2 mg/kg 
normal saline solution (NSS). Group II was the ROD li-
gand group, which received an intramuscular injection 
of 80 mg/kg ROD. Group III received a 120 mg/kg solu-
tion of Fe(III) (Jectofer, Eczacıbaşı, Türkiye). For group 
IV, both 80 mg/kg ROD and 120 mg/kg Fe(III) solution 
were administered. 

All groups were treated once a day for ten successive 
days. On the last day, 24 hours after the last injection, 
the rats were anesthetized with ether, and blood sam-
pling was immediately done from the heart. Thereafter, 
the livers of the rats were removed for histopathologic 

examinations. The tissues were sent to pathology for ex-
amination in histopathological solution. 

Histopathologic examination

The livers of the killed rats were removed and fixed in 
10% neutral buffered formaldehyde solution, dehydrated 
in graded alcohol, and embedded in paraffin. Sections 
with a thickness of 3–5 μm were obtained and stained 
with hematoxylin-eosin (H&E). Light microscopy was 
used to evaluate and perform histopathologic examina-
tions of liver sections from treated rats (H&E, 100X).

Chemicals used and application forms

In the experiments, ROD (Merck), Fe(III) solution (Jec-
tofer, Eczacıbaşı), ROD-Fe(III) mixture, and NSS were 
used in effective concentrations. The application doses and 
forms of the chemicals are given in Table 1. A solution of 
80 mg/kg ROD in NSS was administered intramuscularly 
to each rat at a dosage of 80 mg/kg for 10 days. The doses 
of the substances were determined by preliminary trials 
and the literature. Each experimental group consisted of 
six rats, and the application was conducted over 10 days. 
A total of 36 animals were euthanized, and during the dose 
adjustment, 12 of these rats died. 

After all experiments, biostatistics results were ex-
amined according to iron and unsaturated iron-binding 
capacity (UIBC) results from blood samples taken from 
the four groups. SPSS software, version 20 was used 
for statistical analysis. Iron measurements in rats were 
summarized as Mean±SD. One-way analysis of variance 
(ANOVA) was used for the general comparison of iron 
measurements between groups. In cases where a signifi-
cant difference was found in these analyses, Bonferroni 
or Tamhane tests were conducted based on whether the 
within-group variances were homogeneous in pairwise 
comparisons of the groups. Statistical significance was 
set at 0.05 for all tests. 

Results 

In this study, metal complexes of the ROD were syn-
thesized by using Fe(III), Mn(III), Cu(II) salts and char-
acterized by spectroscopic and analytical methods, such 
as ICP, FT-IR, TG, elemental analyses, and magnetic 
susceptibility. The theoretical and experimental results 
align with each other and suggest octahedral geometry 
for the synthesized metal complexes (Figure 2) [17, 21]. 
Their elemental analysis and metal percentages are listed 
in Table 2. 
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Discussion 

The analytical data of the complexes indicate a 1:1 mole 
ratio (M:L). When the magnetic susceptibility results of 
Fe(III), Mn(III), and Cu(II) complexes were examined, 
they were found to have paramagnetic properties with 5, 
2, and 1 unpaired electron, respectively (Table 2). 

Additionally, all of the complexes hybridized as sp3d2. 
The presence of water molecules was supported by TG 
analysis. The characterization of the metal complexes was 
also confirmed by FT-IR (section 3.1). The melting points 
of these complexes were above 350 °C. The yields (%) 
were 94, 85, and 40 for complexes 1, 2 and 3 respectively. 

FT-IR studies 

Examination of the FT-IR spectrum of ROD revealed 
peaks for aromatic (CH), (C=S), (CN) and (C=O) at 
2984.96 cm⁻¹, 1125.13 cm⁻¹, 1311.69 cm⁻¹ and 1722.35 
cm⁻¹, respectively. The spectrum of complex 1 showed 
peaks for (OH), (CH), (C=O), (M-S), and (M-O) at 
3329.72 cm⁻¹, 2971.36 cm⁻¹, 1601.50 cm⁻¹, 661.54 cm⁻¹, 
and 547.27 cm⁻¹, respectively. The peaks were assigned to 
(OH), (C=O), (M-S), and (M-O) at 3326.30 cm⁻¹, 1619.96 
cm⁻¹, 720.94 cm⁻¹ and 527.01 cm⁻¹ for complex 2. 

The peaks for compound 3 were identified as (OH), 
(C=O) (M-S) and (M-O) at 3664.03 cm⁻¹, 1799.76 cm⁻¹, 
739.33 cm⁻¹ and 524.79 cm⁻¹, respectively (Supplemen-
tary Figures S1, S2, S3 and S4). 

Thermal studies

The stability of the synthesized metal complexes was de-
termined using TG/DSC over a temperature range of 50-
1000 °C. The TG curve of complex 1 showed a 5.8% mass 
loss of H2O at 100 °C from outside the coordination sphere 
(calculated: 5.5%). The TG graph indicated a 10.1% mass 
loss of H2O molecules (calculated: 9.3%). After this tem-
perature, the thermal degradation of the organic structure 
began and continued up to 1000 °C (Figure 3). 

The TG curve of complex 2 showed a mass loss from 
105 °C to 200 °C in and out of the coordination sphere. Af-
ter this temperature, the thermal degradation of the organ-
ic structure began and continued up to 1000 °C (Figure 4). 

The TG curve of complex 3 showed a mass loss from 
105 °C to 200 °C in and out of the coordination sphere. 
After this temperature, the thermal degradation of the or-
ganic structure began and continued up to 1000 °C (Figure 
5). The analyzed results are consistent with each other. 

Histological and pathological results 

In vivo studies were performed in the Pharmacology 
Department of Medical Faculty at Cukurova University. 
The studies aimed to reduce the accumulation of heavy 
metals known to cause AD in the tissues, organs, and 
blood of laboratory rats.

Table 1. Application doses and forms of chemicals

Chemical Name Abbreviation Application Dose (mg/kg) Application Form

Normal saline solution NSS 0.2 Intramuscular 

Fe(III) solution Fe(III) 120 Intramuscular 

Rhodanine-N-acetic-acid ROD 80 Intramuscular 

Fe(III) - rhodanine-N-acetic-acid Fe(III) –ROD 80/120 Intramuscular 

Table 2. Elemental and ICP analysis of the synthesized complexes

Complexes
% Found % Calculated Molecular 

Weight (MW) 

C H N Metal C H N Metal (g/mol)

1 15.65 2.68 3.68 15.90 15.44 3.11 3.60 14.36 389.02

2 16.49 2.61 2.24 14.88 16.63 2.51 3.88 15.21 362.08

3 14.47 1.56 3.35 14.59 15.83 3.72 3.69 16.75 379.28
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Pathological examination was performed to determine 
whether there was iron accumulation in the liver and 
spleen tissues of the rats (Figure 6).

In group 1 (the control group), blood congestion in the 
liver of the rats, as well as congestion in the spleen and 
enlargement of the red pulp, were observed. This indi-
cates the presence of iron in the control group. 

In group 2 (ligand loaded), patchy necrosis in the peri-
portal area of the liver in the rats was observed, along 
with single-cell necrosis, degenerative changes around 
the central vein, significant dilatation, Kupffer cell hy-
perplasia, and the presence of Kupffer cells and iron pig-
ment determined by staining with Prussian blue. In the 
spleen tissues, congestion, enlargement of the red pulp, 
and relative narrowing of the white pulp were noted. 
Prussian blue staining showed widespread blue pigment 
deposition between the lymphoid follicles. This indicates 
that the blue pigments are iron, and in the presence of the 
ligand, a significant amount of iron remains unchelated 
in the tissues.

Group 3 (iron loaded) exhibited excessive congestion 
in the liver, and excessive congestion and enlargement 

of the red pulp in the spleen. This indicates that the iron 
concentration in this group is excessive and indicates 
that the iron has reached the tissues. 

In group 4 (iron and ligand-loaded), hemosiderosis, 
central vein dilation, Feat Herry degeneration, Kupffer 
cell hyperplasia, and ballooning degeneration were ob-
served in the liver of the rats [23, 24]. In addition, signifi-
cant cholestasis (jaundice), hemosiderin (iron), pigment 
deposition, and extramedullary hematopoiesis were 
detected. There was significant hydropic degeneration 
around the central vein. Prussian blue staining showed 
blue pigment deposition in dense sinusoids around the 
portal area and blue pigment deposition in yellow-brown 
sinusoids. Significant congestion, significant hemosider-
in, enlargement of the red pulp, and relative narrowing of 
white pulp were observed. Congestion and accumulation 
of yellow-brown pigment in the spleen tissue, consisting 
of lymphoid follicles, were noted in the Prussian blue 
staining. This indicates that the blue pigments are iron, 
and in the presence of the ligand, the required amount of 
iron remains unchelated in the tissues. The accumulation 
of yellow-brown pigment further proves that cholestasis 
is also seen in spleen tissues. 

Figure 1. The application strategy for the synthesized complex shows potential prodrug properties 
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As a result, observations in pathological staining 
among the four groups are as follows:

In group 1, iron is found only in tissues, resulting in 
lower iron density compared to group 3. 

In group 2, iron is found in the tissues, where the ligand 
chelates some of this iron, while some is utilized as es-
sential iron for tissues.

In group 3, the rat was loaded with iron in addition to 
the iron found in tissues; as expected, there was excessive 
blood congestion due to the iron reaching the tissues.

In group 4, some of the iron was chelated by the addi-
tion of ligand to the tissues with excess iron. The amount 
of iron in the final state is similar in groups 1 and 4. 
Since the ligand has a high binding capacity, it chelates 
the excess iron while allowing an essential amount of 

The Fe (μg/dL) and UIBC (μg/dL) values in the blood 
of rats are shown in Table 3 and Figure 7. The values used 

in statistical data analysis are as follows: The amount of 
Fe is high in the control group and Fe-loaded groups. On 
the other hand, when comparing the ligand-loaded group 
to the ligand and Fe-loaded groups, it is supported that 
the binding capacity of the ligand also increases with the 
rise in Fe concentration, in addition to the decrease in Fe 
values in the blood results. 

If there is a significant difference between at least two 
groups, ANOVA complementary calculations are carried 
out as shown in Table 4. According to this table, there 
was a difference between the four groups. In this case, 
a paired group comparison was made to determine the 
source of the difference.

One-way ANOVA post hoc data analysis was per-
formed, as shown in Table 5, because the experimental 
results were significant (P<0.001). 

According to Table 5, the control group is different from 
the other three groups (P=0.001, P<0.001, and P<0.001, 
respectively). The iron-loaded group is different from 
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Figure 3. TG curve of complex 1

Figure 4. TG curve of complex 2

Figure 5. TG curve of complex 3
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ligand- and ligand- and Fe-loaded groups (P<0.001 for 
both). The ligand- and ligand plus Fe-loaded groups are 
similar (P=1.000). 

Considering the biostatistics results, the control group is 
different from the other three groups (P=0.001, P<0.001 
and P<0.001, respectively). This is only due to the iron 
level in peripheral blood in the control group. The iron-
loaded group is different from the ligand- and ligand- 
and Fe-loaded groups (P<0.001 for both). This differ-
ence arises because iron is found in high concentrations 

and is not chelated in the iron-loaded group compared to 
the only ligand- and ligand- and Fe-loaded groups. 

The similarity between the ligand and ligand plus Fe-
loaded groups (P=1.000) was supported by hematologi-
cal tests, histopathological examinations, and biostatis-
tical results. The amount of Fe in the blood decreases 
when the ligand is bound. This similarity indicates that 
the Fe binding capacity of the ligand is higher in the 
presence of Fe concentration. Differences in Fe levels in 
peripheral blood were observed and biostatistically iden-

   
Control Group       Iron-Loaded Group 

    
Ligand-Loaded Group  Iron- and Ligand-Loaded Group 

(a) 

    
Control Group   Iron-Loaded Group 

     
Ligand-Loaded Group             Iron- and Ligand-Loaded Group 

(b) 

Figure 6. Pathological photographs of tissues, a) Pathological photographs of the liver, b) 

Pathological photographs of the spleen. 

 

Figure 6. Pathological photographs of tissues
a) Pathological photographs of the liver, b) Pathological photographs of the spleen
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tified between the ligand-loaded group without Fe and 
the ligand plus Fe-loaded group. This result suggests that 
the Fe binding capacity may increase when the Fe load 
of the ligand increases. 

According to the multiple comparisons tests loaded li-
gand and ligand and Fe, results were found to be biosta-
tistically similar in terms of Fe binding capacity between 
the control group and ligand and Fe group (P=0.081). 
Although there is an overload of Fe in the ligand- and Fe-
loaded group, only Fe is present in the body in the control 

Table 4. Experimental one-way ANOVA biostatistics results

Groups No. Value Std. Deviation Std. Error
95% Reliability Between Values

Min Max
Lower Limit Upper Limit

Control 6 419.67 26.402 10.779 391.96 447.37 372 447

Iron-loaded 6 547.17 47.131 19.241 497.71 596.63 510 615

Ligand-loaded 6 191.33 44.017 17.97 145.14 237.53 144 233

Ligand- and Fe- loaded 6 192 60.156 24.559 128.87 255.13 130 287

Total 24 337.54 161.764 33.02 269.23 405.85 130 615

Figure 7. Graphical representation of the experimental Fe and UIBC values in rats

Table 3. Experimental Fe and UIBC values of the rats

Sample 
Number

Control Group Fe-loaded Group Ligand-loaded Group Fe- and Ligand- loaded Group

Fe (μg/dL) UIBC (μg/dL) Fe (μg/dL) UIBC (μg/dL) Fe (μg/dL) UIBC (μg/dL) Fe (μg/dL) UIBC (μg/dL)

1 372 153 520 18 233 270 130 430

2 420 136 615 18 231 327 180 332

3 412 164 521 16 144 387 162 352

4 447 172 510 2 154 337 287 151

5 437 115 600 30 156 268 242 147

6 430 145 517 10 230 367 151 411

UIBC: Unsaturated iron-binding capacity. 
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group. The final Fe levels are similar in the control group 
and the overloaded Fe group due to the high metal-binding 
activity of the ligand. This suggests that, since the binding 
capacity of the ligand is high in the overloaded Fe group, 
the amount of Fe is comparable in both the overloaded Fe 
and control groups in the final analysis. 

Conclusion

In this study, Fe(III), Mn(III) and Cu(II) complexes of 
ROD ligand were synthesized in octahedral geometry. 
The theoretical and experimental results for the charac-
terization were found to be compatible with each other. 
Considering the analysis findings and literature infor-
mation, the most suitable geometry for the compounds 
was proposed. After the pharmacological examination of 
the synthesized metal complex in terms of iron, it was 
observed and detected biostatistically that the iron bind-
ing capacity of the ligand is higher in cases where iron 
density increases, particularly in terms of iron levels in 
the peripheral blood between groups 2 and 4. This result 
indicates that the iron binding capacity of the ligand may 
increase when the iron load increases. 

This study will contribute to the elucidation of interac-
tions in living systems and the production of synthetic 
drugs if the new azosulfa drug derivatives to be synthe-
sized exhibit biochemical and pharmacological activi-

ties. By demonstrating the ligand’s potential in modu-
lating iron binding, the study opens avenues for future 
research into novel drug derivatives that could offer 
therapeutic benefits in managing iron-related disorders.
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Table 5. Biostatistical data results of post hoc multiple comparisons

(I) Groups (J) Groups Mean Differ-
ence (I-J) Std. Error Sig.

95% Reliability Interval

Lower Limit Upper Limit

Control

Iron-loaded -127.5* 26.575 0.001 -205.29 -49.71

Ligand-loaded 228.333* 26.575 0.000 150.55 306.12

Ligand- and Fe- loaded 227.667* 26.575 0.000 149.88 305.45

Iron loaded

Control 127.5* 26.575 0.001 49.71 205.29

Ligand-loaded 355.833* 26.575 0.000 278.05 433.62

Ligand- and Fe- loaded 355.167* 26.575 0.000 277.38 432.95

Ligand-loaded 

Control -228.333* 26.575 0.000 -306.12 -150.55

Iron-loaded -355.833* 26.575 0.000 -433.62 -278.05

Ligand- and Fe- loaded -0.667 26.575 1.000 -78.45 77.12

Ligand- and Fe-loaded 

Control -227.667* 26.575 0.000 -305.45 -149.88

Iron-loaded -355.167* 26.575 0.000 -432.95 -277.38

Ligand-loaded 0.667 26.575 1.000 -77.12 78.45

*The mean difference is significant at the 0.05 level. 
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Supplementary: FT-IR spectra for ligand and the synthesized complexes 
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Figure S1. FT-IR spectrum for rhodanin-N-acetic acid 
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Figure S2. FT-IR spectrum for 1 
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Figure S3. FT-IR spectrum for 2 
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Figure S4. FT-IR spectrum for 3 
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