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Abstract: A facile, clean, and green protocol for synthesizing  5-arylidene-rhodanine derivatives (3a-

3m) by the Knoevenagel condensation of variously substituted  aromatic/heteroaromatic aldehydes and  

rhodanine using CuFe2O4 NPs as an effective magnetically separable heterogeneous catalyst in water 

has been  developed. Mild reaction conditions, eco-friendliness, higher  product yield,  recyclability of 

nanoparticles, and use of water as a green reaction medium are the  advantageous features of this 

environmentally benign protocol. In addition, copper ferrite  nanoparticles are  synthesized using a green 

method using Bougainvillea glabra flower extract and are characterized by  FTIR, UV-visible 

spectroscopy, SEM, and XRD techniques. Further, the protective effects of 3a and 3b were determined 

regarding oxidative stress in the liver, kidney, and brain, providing excellent results. 

Keywords: CuFe2O4 nanoparticles;  arylidene-rhodanine;  Knoevenagel condensation; water; green 

protocol; oxidative stress.  
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1. Introduction 

Among biologically active heterocyclic nuclei, rhodanine core is the fundamental 

structural moiety in medicinal chemistry, which exhibits numerous biological activities, viz. 

insecticidal, anti-diabetic, antibacterial, fungicidal, anti-infective, pesticidal, anti-

mycobacterial, antineoplastic, and anthelmintic, etc. [1-10]. Furthermore, rhodanine analogues 

display anti-tubercular, anti– HIV, and antimalarial activities [11-15]. Besides these activities, 

rhodanine-based heterocyclic compounds are key in discovering novel drugs. They can be used 

as antiviral agents against the HHV-6 virus and act as PRL-3 inhibitors, pancreatic lipase 

inhibitors, PTP1B inhibitors, PRL-3 inhibitors, COX-1/2 and 5-LOX inhibitors, AChE and 15-

LOX inhibitors, as potent aldose reductase inhibitors, as a potent stimulator of UCP1 expression 

to combat obesity, Mycobacterium tuberculosis InhA direct inhibitors, Plasmodium falciparum 

Enoyl-Acyl Carrier Protein Reductase inhibitors, potent aldose reductase inhibitors and show 

peroxisome proliferator-activated receptor γ activity, etc. [16-26]. Zhou et al. synthesized the 
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most potent (Z)-2-(5-(4-(dimethylamino) benzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-

phenylacetamide derivative, which exhibits anti-proliferative activity against human cancer 

cell lines, A549, PC-3, and HepG2. The compound also disrupted cancer A549 cell migration 

in a concentration-dependent manner [27]. Hence, rhodanine derivatives have attracted the 

attention of chemists and biologists over the last two decades.  

Knoevenagel condensation is the general method of preparing rhodanine derivatives by 

reacting aromatic aldehydes with 2-thioxo-4-thiazolidinone in the presence of CH3COOH and 

CH3COONa [28]. Other reported methods of Knoevenagel condensation include use of 

(CH3CO)2O [29], urea-rich organic polymer [30], zirconia [31], ionic liquid, acidic alumina, 

borate zirconia, lipoprotein lipase and I2/K2CO3 as catalysts. Some utilize non-conventional 

energy sources such as ultrasonication (US) and microwave irradiation (MWI) for synthesizing 

rhodanine derivatives [32-38].  

Gong et al. synthesized arylidene-rhodanine derivatives by treating aromatic aldehydes, 

rhodanine (5mmol), 1-butyl-3-methyl imidazolium hydroxide (basic IL) (0.5 mmol) and H2O 

at room temperature [39]. Subhedar et al. produced these derivatives in the presence of 

[Et3NH][HSO4] [40] by reacting aldehyde (1mmol), rhodanine/rhodanine acetic acid (1mmol) 

with IL, [Et3NH][HSO4] (20 mol%) at 80°C for 20 min. The Knoevenagel condensation also 

occurred in the presence of a hydrated ionic liquid (IL), TBAH/H2O-EtOH [41]. Further, 

1,1,3,3-Tetramethylguanidine lactate [TMG][Lac] is also employed as a catalyst for solventless 

Knoevenagel condensation [42]. The reaction was also performed by utilizing Na2SO3 (20 mol 

%) under reflux in ethanol for 2 hrs [43]. Other catalysts employed for this reaction include 

morpholine [44], phosphine [45], copper (II) complex functionalized Fe3O4 NPs [46], MgO 

NPs [47], etc. (Table 2). 

Even though the reported methods have their benefits and drawbacks in yield, catalyst 

recovery, product isolation, use of expensive chemicals, etc., there is still room for 

improvement in terms of environmental impact and cost-effectiveness.  

Nowadays, there is increasing concern about environmental protection, and hence, 

chemical industries are interested in developing safer methods that could reduce waste products 

from the manufacturing process. Further, the demand for solid acidic and basic catalysts has 

increased significantly as they give added products in value-added products with excellent 

yields.  In this context, copper and iron-based NPs are  popular catalysts for various chemical 

reactions [48-51].  

Among ferrites, spinel ferrites make outstanding catalysts owing to their affordability, 

recyclability, reusability, and ease of separation from the reaction mixture. Copper ferrite 

nanoparticles (CuFe2O4) have emerged as highly effective, green, recyclable heterogeneous 

catalysts for producing diverse range of medicinally important heterocyclic moieties such as 

polysubstituted pyrroles, spirooxindoles, benzoxazoles, aminonitriles, 1, 2, 3-triazoles, 

pyrazolopyridines, spiropyrimidines, aryl and alkyl-14H-dibenzo [aj] xanthenes, triazole-based 

dihydropyrimidinones, diaryl, alkyl/aryl sulfones, spiropyrazolo pyrimidine derivatives, 

biscoumarins, naphthoxazinones, chalcone derivatives, and also for the reduction of nitroarenes 

into amines, etc. [52-71].  

Furthermore, research focuses more on utilizing green solvents than organic solvents. 

Due to easy availability, non-toxicity, non-flammability, and unique property of rate-

acceleration via the hydrophobic effect, water provides several benefits as a safe solvent [72, 

73]. Previously, we reported lemon juice as a green catalyst to synthesize fluorinated 

thiazolidinone, pyrazolidinone, and dioxanedione derivatives at room temperature [74].  
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Herein, we wish to report the production of arylidene rhodanine derivatives in water by 

employing CuFe2O4 NPs as a catalyst in continuation to our earlier interest in developing eco-

friendly synthetic approaches for synthesizing bioactive heterocyclic compounds [75]. Copper 

ferrite nanoparticles were prepared from Bougainvillea flower extract and characterized using 

FTIR, UV-visible, SEM, and XRD techniques. -synthesized nanoparticles are more effective 

than chemically synthesized nanoparticles. Green protocol reduces the harmful effects of 

traditional methods of NPs synthesis, which is commonly used in research laboratories and 

industries [76].  

Plants are natural chemical industries that do not require any repairs. Plant-assisted 

nanoparticle synthesis is advantageous in terms of sufficient higher kinetics than other 

biosynthetic nanoparticle synthesis protocols. Phytochemicals such as aldehydes, amides, 

flavones, carboxylic acids, terpenoids, phenols, ketones, etc., present in various plant parts have 

the capability for the reduction of metals salts into respective metal nanoparticles for 

synthesizing metal-based nanoparticles [77]. Hence, there is a rising need to develop an 

environment-caring protocol for the synthesis of nanoparticles [78].  

The key object of the present investigation is to synthesize copper ferrite nanoparticles 

using Bougainvillea glabra flower extract for its catalytic applications in arylidene rhodanine 

derivatives. Bougainvillea glabra (paper flower or glory of the garden), an ornamental plant, 

contains constituents such as flavonoids, betacyanins, alkaloids, and tannins. Some species of 

Bougainvillea viz. B. buttiana, B. glabra, and B. spectabilis are recommended for asthma, 

bronchitis, respiratory illness, and influenza. It is also effective for the treatment of gastric 

disorders. Active molecules “pinitol” contained in Bougainvillea plant are used for treating 

diabetes mellitus [79]. Some species of Bougainvillea are used to treat ailments such as 

stomach acidity, diarrhea, leucorrhoea, and hepatitis, and act as an anti-inflammatory, 

anticancer, antihepatotoxic, antihyperlipidemic, antioxidant, antimicrobial, antibacterial, anti-

diabetic, antifertility, antiulcer and antiviral agent [80, 81]. Various types of phytochemicals 

present in B. glabra flowers include tannins, flavonoids, alkaloids, and phenolic compounds. 

Quercetin is the primary flavonoid constituent in Bougainvillea flower extract [82]. Some 

biologically active rhodanine derivatives are depicted in Figure 1 [83-85].  
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Figure 1. Biologically active rhodanine derivatives. 
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2. Materials and Methods 

2.1. General.  

The chemicals used in this study were used as such without additional purification and 

were purchased from Sigma Aldrich and Merck. The progress of the reaction was checked 

using thin-layer chromatography (TLC). A melting point apparatus was used to determine 

melting points, but it was uncorrected. The formed molecules were recognized from their 

spectral analysis (IR, NMR, and Mass) at SAIF, Punjab University, Chandigarh, and MRC, 

MNIT, Jaipur. 1HNMR and 13C NMR spectra were recorded on a BRUKER AVANCE NEO 

at 500MHz spectrometer in DMSO-d6 using TMS as an internal standard. IR spectra were 

recorded on Bruker FTIR Alpha Spectrometer. Copper ferrite nanoparticles were characterized 

using UV-visible, FT-IR, XRD, and SEM analyses. XRD and UV-visible spectra of 

nanoparticles were measured on PANalytical X’Pert Pro and Thermo Scientific BioMate 3S 

Spectrophotometer, respectively. 

2.2. Synthesis of CuFe2O4 NPs.  

Nanoparticles were prepared in two steps:  

2.2.1. Preparation of Bougainvillea glabra flower extract. 

To remove dust particles, fresh Bougainvillea flowers were washed with distilled water 

and left in sunlight for 8 hours for drying. Dried flowers were ground in a mortar and pestle to 

obtain fine powder. 10 gm of this fine powder was mixed with de-ionized water (100ml) in a 

round bottom flask, and the mixture was refluxed for 30 minutes at 60°C. After refluxing, the 

mixture was filtered to obtain a clear purple solution for Bougainvillea flowers. It was then 

stored for further use in the refrigerator. 

2.2.2. Preparation of CuFe2O4 nanoparticles.  

The co-precipitation method was used to prepare NPs. CuFe2O4 NPs were synthesized 

by using Cu (NO3)2.3H2O and Fe (NO3)3.9H2O as precursor salts in water by employing 

Bougainvillea flower extract. A solution of Fe (NO3)3.9H2O (0.2 mole) and Cu (NO3)2.3H2O 

(0.1mole) in water (100 mL) was treated with Bougainvillea flower extract (50 ml) at 100°C 

for 2-3 hours till reddish-black precipitate is obtained. A 1M NaOH solution was added 

dropwise to the above salt solution to maintain pH 9. Filtration of the formed precipitate was 

then followed by washing with ethanol. After that, the precipitate was dried and placed in a hot 

electric oven at 80°C for 24 hrs.  

2.2.3. Preparation of 5-arylidine-rhodanine derivatives.  

Aromatic/hetero-aromatic aldehydes (10mmol), rhodanine (10mmol), and CuFe2O4 

nanoparticles (20mg) were mixed in 20 ml of H2O in RB flask and refluxed in an oil bath at 

120°C for 30-40 minutes. Reaction progress was checked by TLC (Ethyl acetate: Benzene (1:9) 

as eluent). As soon as the reaction was completed, the CuFe2O4 nanoparticles were separated 

with the help of an external magnet, and the solid product obtained on cooling the mixture was 

recovered with excellent yield. Further, ethanol was used for the recrystallization of the 
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products, which were identified by their melting points and spectral data (IR, 1H NMR, 13 C 

NMR) reported in the literature (Table 1) (Scheme 1) [86, 87].  

3. Results and Discussion 

In continuation of our previous interest in the green synthesis of heterocyclic 

compounds, herein, we present the synthesis of 5-arylidene-rhodanine derivatives by treating 

substituted aromatic/heteroaromatic aldehydes with rhodanine in the presence of a catalytic 

amount of CuFe2O4 NPs in aqueous media (Scheme-1) (Table 1). The Knoevenagel 

condensation reaction proceeded smoothly in 30-40 minutes using 20 mg of CuFe2O4 NPs at 

100°C (Table 1). TLC monitored the progress of the reaction. Aromatic aldehydes containing 

either electron-releasing substituents (ERS) or electron-withdrawing substituents (EWS) 

reacted well and were converted to corresponding derivatives in 85-95% yield. When the 

reaction of benzaldehyde with rhodanine was conducted without using any catalyst, only 57% 

product yield was obtained. Different amounts of CuFe2O4 NPs (10 mg, 20 mg, and 30 mg) 

were used to achieve the model reaction. It was observed that 10 mg of catalyst provided only 

50-60% yield, while 20 mg of copper ferrite NPs provided 85-95% product yield. No 

improvement in the yield was observed on further increasing the amount of copper ferrite NPs. 

Finally, the catalyst's recyclability was tested for forming 3a.  

It is further demonstrated that the catalyst can be reused after separating from the 

reaction mixture for 5 sequential runs without losing its catalytic activity (Figure 6). The 

synthesized molecules (3a-3m) have been identified by IR, 1HNMR, and 13C NMR spectra and 

melting points mentioned in the literature (Table 1). The IR spectra of 3a-m showed absorption 

bands at 3317-3442 cm-1 due to amide NH stretching, 1690-1732 cm-1 due to -C=O, 1577-1596 

cm-1 due to C=C, 1152-1229 cm-1 due to -C=S stretching which confirms the formation of 

compounds [41, 74], 3a-m (Figures, 11-15). 1HNMR spectrum of 3b exhibit following signals 

(δH, ppm): 3.83 (singlet, 3H, OCH3), 7.11 (d, 2H, Ar-H), 7.57 (d, 2H, Ar-H), 7.60 (s, 1H, =CH), 

13.72 (br., 1H, NH); 13C NMR of 3b shows following signals (δc, ppm): 122.07-132.82 

(aromatic carbons), 169.31(-N-C=O), 195.29 (-S-C=S) ppm [41, 74]. The synthesis of 

nanoparticles takes place in distilled water without using any toxic chemicals. Nanoparticles 

have also been prepared using Bougainvillea flower extract and characterized by XRD, SEM, 

IR, and UV-Vis Spectroscopy.  

We propose the mechanism of this reaction, which involves Knoevenagel-type 

condensation through Lewis acidic sites of copper ferrite nanoparticles, which coordinates with 

the oxygen of C=O of the aldehyde group. Activation of rhodanine is followed by C-H bond 

deprotonation via Lewis basic sites of nanoparticles. Hence, Lewis acidic and basic sites of 

NPs activated the reactants (Table 1), whereby product formation took place. It is suggested 

that the reaction occurs by a highly activated copper catalyst, which is intramolecularly 

coordinated. Furthermore, the spinel binary or ternary oxides provide additional stability and 

possess exciting features like high strength to resist exceptionally reducing conditions.  
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Scheme 1. Formation of 5-arylidene-rhodanine molecules using CuFe2O4 NPs as an effective catalyst. 

Table 1. Experimental data for synthesizing 5-arylidene-rhodanine derivatives (3a-3m) in water.  

Entry Producta Mp (°C)/Ref. Yieldb (%) Time (min.) 

3a 
S

NH

O

S  

218 [41] 92 30 

3b 
S

NH

O

S
MeO

 

245 [41] 88 40 

3c 
S

NH

O

S
NO2  

240 [41] 88 35 

3d 
S

NH

O

S
OH

 

187 [41] 80 30 

3e 
S

NH

O

S
O2N

 

226 [41] 87 25 

3f 
S

NH

O

S

Cl

 

216 [41] 84 40 

3g 
S

NH

O

S
Cl

Cl

 

222 [41] 85 30 
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Entry Producta Mp (°C)/Ref. Yieldb (%) Time (min.) 

3h 
S

NH

O

S
Cl

 

227 [41] 87 40 

3i 
S

NH

O

S
OH

 

270 [41] 84 35 

3j 
S

NH

O

S
O2N

 

275 [41] 87 40 

3k 
S

NH

S

O

O

 

214 [86] 92 35 

3l 
S

NH

S

O

S

 

265 [86] 94 25 

3m 

N
S

NH

S

O

 

204 [87] 91 30 

a Product formation takes place by reacting substituted aromatic/heteroaromatic aldehydes (10mmol) and rhodanine 

(10mmol) in the presence of CuFe2O4 nanoparticles (20mg) and water (20mL); b Isolated yield of the molecule. 

A comparison of catalytic efficiency of copper ferrite nanoparticles with earlier 

reported methods in terms of the amount of catalyst used, the time required for reaction 

completion, the yield obtained, and the temperature at which the reaction occurred and solvent 

used for a particular reaction is presented in Table 2.  

Table 2. Previous synthetic approaches for arylidene-rhodanine derivatives. 

Name of Catalyst Amount Time(hr/min.) Yield (%) Solvent Temp.(°C) References 

TBAH 1 ml 1.5 hr 85-95 EtOH-H2O 50 41 

[Et3NH][HSO4] 20 mol % 20 min. 84-94 Solvent-free 80 40 

[TMG][Lac] 20 mol % 15-30 min. 91-99 Solvent-free US, 80 42 

Titanium Silicate 0.04 gm 30-60 min. 87- 92 Water 90 88 

ZnO Nanoparticles 5 mol % 10-26 min 90-99 Ethanol 90 89 

Catalyst-free --- 20-35 min. 75-94 
Aldonitrones 

in PEG 
80 90 

Fe3O4@SiO2-NH2/Cu(II) 0.15 g 20-60 min. 88-97 Ethanol Reflux 46 

[(bmim][OH] 0.5 m mol 10-90 min. 80-98 Water Room temp. 39 

(NH4)2HPO4 0.25 mmol 4-18 min. 80-90 Water 90 91 

Lemon Juice 2 ml 60-120 min. 90-95 Solvent-free Room temp. 74 

Na2SO3 20 mol % 120 min. 70-90 Ethanol Reflux 43 

NEt3 0.5 m mol 10 min. 45-75 Solvent-free Room temp. 92 

CH3COONH4 0.574 g, 0.07 mole 13–25 min 83-97 Solvent-free Grinding 86 
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Name of Catalyst Amount Time(hr/min.) Yield (%) Solvent Temp.(°C) References 

Morpholine 10 mol% 2 hrs 54-88% Ethanol Reflux 44 

MgO NPs 30 mol% 45-120 min. 76-95 % 
Aqueous 

ethanol 
50 47 

3.1. Characterization of copper ferrite nanoparticles. 

In the UV-visible spectrum of CuFe2O4 NPs (Figure 2), higher absorbance is observed 

at lower wavelengths, which may be due to their smaller size and strong electronic transition 

of metal ions [93]. 

 
Figure 2. UV–Visible spectra of copper ferrite nanoparticles. 

Figure 3 depicts the FT-IR spectrum of spinel CuFe2O4 NPs prepared from 

Bougainvillea flower extract measured in 400-4000 cm-1, providing valuable evidence 

regarding its nature and structure. Based on the geometrical configuration of neighboring 

oxygen atoms, metals in ferrite are present in two different sublattice sites viz. A-site and B-

site for tetrahedral and octahedral, respectively. The spectra show two metal-oxygen absorption 

bands in the 450-300 cm-1 and 600-500 cm-1 range, which are linked to the vibrations of Cu+2-

O-2 and Fe+3-O-2, respectively [94]. The absorption bands at 521 cm-1  and 435 cm-1 are 

allocated to Fe-O and Cu-O stretching vibrations, respectively. The formation of spinel ferrite 

material is established by the absorption band at 521 cm-1 allocated to Fe-O at the tetrahedral 

site and 435 cm-1 assigned to Cu-O at the octahedral site [95, 96]. A broad band in FT-IR 

spectra (Figure 3) at 3307 cm−1 is allocated to the stretching vibrational mode of water 

molecules, and it further states that MNPs surface contains O–H groups in large numbers.  

 

Figure 3. FTIR spectrum of copper ferrite nanoparticles. 

The structure, morphology, and size distribution of the prepared CuFe2O4NPs were 

examined by SEM (Figure 4). SEM images show high agglomeration in the prepared 

CuFe2O4NPs. Further, SEM study suggests that copper ferrite NPs are nanocrystalline, and 

their shape is irregularly spherical. According to the SEM image, the size of NPs is 200 nm.  
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Figure 4. SEM micrograph of the CuFe2O4 nanoparticles calcined at 500°C for 6 h. 

The XRD pattern of the CuFe2O4-MNPs is depicted in Figure 5. XRD analysis showed 

a series of diffraction peaks at 2θ of 33.34, 35.74, 38.91, 54.25, 58.35 and 61.75 corresponding 

to planes (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and (4 4 0) (JCPDF-card no. 01–077-0427), 

respectively. This XRD pattern agrees with the reported literature, and the spinel structure of 

CuFe2O4 nanoparticles is revealed by sharp diffraction peaks [93]. The powder is chiefly 

comprised of copper ferrite nanoparticles, as indicated by the XRD pattern of calcined 

nanoparticles [97]. The main diffraction peaks are found between diffraction angle (2θ) = 30–

72°, which detects the spinel structure of nano-CuFe2O4 [93]. We calculated the average size 

of the nanoparticle from X-ray diffraction by applying the Debye-Scherrer equation:  

D=K λ / β (radians) Cos θ= 0.9 λ/ β (radians) Cos θ 

D= 41.3491+31.219 + 25.697/3=98.2651/3=32.75 nm 

Β (radians) =FWHM*3.14/180 

K is Scherrer constant  

Where D is the average crystallite size (nm)  

λ is X-ray wavelength, CuKα = 0.15406 nm and θ=Bragg angle in degrees, half of 2θ 

Β is the line broadening at FWHM in radians 

The average size of nanoparticle calcined at 500°C for 6 hrs obtained from the peaks at 

2θ= 33.3452, 35.7470, 38.9109 in XRD (Figure 5) using the Scherrer formula is about 32.75 

nm.  

 

Figure 5. X-ray Diffraction pattern of calcined CuFe2O4 nanoparticles. 

3.2. Regeneration of the catalyst.  

One important feature of this methodology is the catalyst’s regeneration. The catalyst’s 

recyclability was tested for the formation of 3a. Once the reaction was completed, we 
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immediately separated and recovered the catalyst with the help of an external magnet, washed 

it several times with distilled water and acetone, and dried it for further use. The recovered 

nanoparticles were reused again for five successive runs without losing activity. The isolated 

yields for successive runs are 90% (I cycle), 88 % (II cycle), 87% (III cycle), 85% (IV cycle), 

and 83% (V cycle) (Figure 6). 

 
Figure 6. Reusability of CuFe2O4 with entry 3a, Table 1. 

Table 3. Levels of TBARS, PCC, SOD, and CAT in liver, kidney, and brains of differently treated mice. 

 
Group I 

(Control) 

Group II 

(BTT) treated 

Group III 

(MBTT) treated 

Parameters Liver Kidney Brain Liver Kidney Brain Liver Kidney Brain 

TBARS (nmole 

of MDA/ gm of 

tissue weight 

9.880

.25***b 

9.520.

76***b 

11.970.

23 

9.10.45
***a,c 

8.250.1

1 

8.45 

0.35 

8.880.6

5**a 

8.10.4

3***a 

7.030.3

4 

PCC (nmole of 

carbonyl 
content/ mg of 

protein 

233.19

0.99 

254.09

0.65**b 

281.890

.64 

200.880

.31***a,c 

244 

0.33***a 

270.440

.54***a,c 

210.72 

0.29***a,b 

2420.1

2***a 

240.66

1.05***a,b 

SOD (g/mg of 

protein) 

0.048

0.09***

b 

0.0560

.11 

0.0620.

13 

0.0760.

02***a 

0.0880.

11 

0.1930.

32 

0.098 

0.09 

0.1020

.002 

0.0660.

01***a 

CAT (mole of 

H2O2 consumed 
/mg of protein) 

162.34

0.52*

**b 

2760.6

5 

1820.64
***b 

184.340

.44***c 
2800.34 

1900.23
**a 

254.340

.52` 

298.99

0.65 

210.87

0.64***a,b 

Expressed Results as mean ± S.E. ***= p< 0.001, **=p< 0.01; a= compared to group I, b= compared to group 

II, c= compared to group III; CAT: Catalase; PCC: Protein carbonyl content; SOD: Superoxide dismutase; 

TBARS: Thiobarbituric acid reactive substances. 

3.3. Determination of  Protective Effects of 3a and 3b in liver, brain, and kidney in terms of 

oxidative stress.  

Compounds 3a, (5-benzylidene-2-thiooxothiazolidin-4-one (BTT)) and 3b, 5-(4- 

methoxybenzylidene)-2-thiooxothiazolidin-4-one (MBTT)) have been evaluated for their protective 

effects regarding oxidative stress in liver, kidney and brain. The results of levels of TBARS, PCC, SOD, 

and CAT of differently treated mice are compiled in Table 3 (Figures 7-10). Healthy 6-8-week-old 

Swiss mice were used for this study. Mice were accommodated and given pelleted food and water ad 

libitum. Mice were used for the experiment after 3-7 days of adaptation. The division of animals was 

done into 3 groups. Each group contains a minimum of 18 animals [98-101].  

          3.3.1. Animal care and monitoring. 

Healthy Swiss mice, which were 6-8 weeks old (Mus musculus), were used for the 

study. They were obtained from C.C.S. Haryana Agricultural University, Hissar. Mice were 

accommodated, and a pelleted diet (Hindustan Unilever Limited) and water ad libitum were 

given to them. Mice were used for the experiment after 3-7 days of adaptation. Animals were 
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maintained and treated according to the Committee for the Purpose of Control and Supervision 

of Experimentation on Animals (CPCSEA) (Ref. No. BU/BT/383/13-14). 

Experimental Design. Division of animals was done into 3 groups with 18 animal’s 

minimum in each group. 

GROUPS TREATMENT DURATION 

Group I Control (Normal Saline)    72 hours 

Group II 5-benzylidene-2-thiooxothiazolidin-4-one (BTT) 

treated 

   72 hours 

Group III 5-(4-methoxybenzylidene)-2-thiooxothiazolidin-

4-one (MBTT) treated 

   72 hours 

3.3.2. Lipid peroxidation (LP).  

LP was assayed in terms of TBARS and PCC levels. TBARS was estimated using the 

method of Ohkawa et al.(1979) [98]. Measurement of the amount of malondialdehyde (MDA) 

formed is carried out by the reaction with thiobarbituric acid at 532nm using a 

spectrophotometer. Levine et al. (1990) [99] provided an established method used for the 

determination of PCC content. 

3.3.3. Superoxide dismutase (SOD). 

Dhindsa et al. (1981)  [100] method was used for the measurement of SOD level. The 

formazon formation, which is the reaction product of NBT will be read at 540nm. 

3.3.4. Catalase (CAT).  

Claiborne (1985)[101] method was used to determine the activity of CAT. 
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Figure 7. Levels of TBARS in liver, kidney, and brains of differently treated mice. Group I: Control; Group 

II: 5-benzylidene-2-thiooxothiazolidin-4-one (BTT) treated; Group III: 5-(4- methoxybenzylidene)-2-

thiooxothiazolidin-4-one (MBTT) treated; a: compared to group I; b: compared to group II; c: compared to 

group III; ** P<0.01. ***P<0.001. 

The malondialdehyde derivatives (MDA) level was recorded in the differently treated 

groups' liver, kidney, and brain. In all organs studied, control mice contained the highest level 

of MDA.  

Liver: In liver tissue homogenate, MDA content was significantly elevated compared 

to group II (p<0.001). The mice treated with BTT (group II) exhibited a noteworthy alteration 
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in MDA activity from groups II and III (p<0.001). The minimum level of MDA was found in 

MBTT-treated mice, and it considerably reduced compared to group I (p<0.01).  

Kidney: In the kidneys of control mice, the highest MDA level was revealed compared 

to II and III groups, and it showed a significant alteration from group II (p.<0.001). The mice 

administered with MBTT showed a substantial decline in MDA content compared to the 

control group (p.<0.001). 

Brain: In the brains of mice, maximum and minimum MDA levels were recorded for 

the control group and MBTT MBTT-treated group, respectively.  
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Figure 8. Levels of Protein carbonyl content (PCC) in liver, kidney, and brains of differently treated mice. 

Group I: Control; Group II: 5-benzylidene-2-thiooxothiazolidin-4-one (BTT) treated; Group III: 5-(4- 

methoxy-benzylidene)-2-thiooxothiazolidin-4-one (MBTT) treated a: in comparison to group I; b: in 

comparison to group II; c: in comparison to group III; ** P<0.01. ***P<0.001. 

Liver: The highest PCC in the liver was recorded for control mice, and it was found 

significantly increased from all the other groups (p<0.001). The activity of protein carbonyl 

moiety was significantly alleviated after BTT treatment as compared to control mice (p<0.001), 

yet it was higher than MBTT-treated mice (p<0.001). After the exposure of MBTT, PCC was 

considerably reduced in comparison with group I (p<0.001) but increased in comparison with 

group II (p<0.001). 
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Figure 9. Activities of superoxide dismutase (SOD) in liver, kidney, and brain of differently treated mice. 

Group I: Control; Group II: 5-benzylidene-2-thiooxothiazolidin-4-one (BTT) treated; Group III: 5-(4- 

methoxybenzylidene)-2-thiooxothiazolidin-4-one (MBTT) treated; a: compared to group I; b: compared to 

group II; c: compared to group III; ***P<0.001. 
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Kidney: In kidneys, maximum PCC was recorded for control mice, and it varied 

significantly from BTT-treated mice in group II (P<0.01). After MBTT treatment, protein 

carbonyl moieties were reduced compared to groups I (p<0.001) and II. 

Brain: In the brains of control mice, the maximum level of PCC was recorded among 

all groups. After administration of BTT in group II, PCC level decreased significantly in 

control mice, whereas it increased significantly (p<0.001) when compared with group III 

(p<0.001). In group III mice, a minimum level of PCC was revealed in brain homogenates in 

comparison to groups I (p<0.001) and II (p<0.001). 

Liver: Control mice showed minimum SOD activity, whereas after BTT (p<0.001) and 

MBTT treatment, enzymatic activity increased.  

Kidney: In the kidneys of control mice, the same pattern of SOD activity was followed 

as shown in the liver. In control mice, minimum SOD activity was revealed, which, after BTT 

and MBTT treatment, subsequently increased. 

Brain: Control mice showed minimum SOD activity among all groups. In brain 

homogenates, maximum SOD activities were recorded after BTT administration. After MBTT 

treatment, activity of SOD alleviated significantly (p<0.01) compared to group II.  
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Figure 10. Activities of catalase (CAT) in liver, kidney, and brains of differently treated mice. Group I: 

Control; Group II: 5-benzylidene-2-thiooxothiazolidin-4-one (BTT) treated; Group III: 5-(4- 

methoxybenzylidene)-2-thiooxothiazolidin-4-one (MBTT) treated, a: compared to group I; b: compared to 

group II; c: compared to group III; ** P<0.01. ***P<0.001. 

Liver: A significant difference in CAT activity was observed in control mice as 

compared to mice treated with BTT (p<0.001). In control mice, minimum activity of CAT was 

observed, which increased subsequently in group II and was found to vary significantly when 

compared to group III (p<0.001). After MBTT treatment, the maximum CAT activity was 

recorded among all groups. 

Kidney: Minimum CAT activity level was recorded in brain homogenates of the control 

group, which subsequently increased in groups II and III. 

Brain: In control mice, CAT activity was found to be minimal among all groups and 

varied significantly from group II (p<0.001). CAT activity increased in group II compared to 

control mice (p<0.01). Further, CAT activity was increased significantly in group III compared 

to groups I (p<0.001) and II (p<0.001). 
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Figure 11. IR Spectra of 5-benzylidene-2-thioxothiazolidin-4-one (3a).  

 
Figure 12. IR Spectra of 5-(4-chlorobenzylidene)-2-thioxothiazolidin-4-one (3h).  

 
Figure 13. IR Spectra of 5-(2-chlorobenzylidene)-2-thioxothiazolidin-4-one (3f).  

 
Figure 14. IR Spectra of 5-(2, 4-dichlorobenzylidene) -2-thioxothiazolidin-4-one (3g).  
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Figure 15. IR Spectra of 5-(4-methoxybenzylidene)-2-thioxothiazolidin-4-one (3b). 

 

4. Conclusions 

We have successfully utilized copper ferrite nanoparticles as magnetically recoverable 

heterogeneous catalysts for the reaction of variously substituted aldehydes with rhodanine. The 

products were obtained in high yield and short reaction time under mild reaction conditions. 

Nanoparticles are regenerated and reused five times for the same reaction without losing 

activity. Moreover, using water as a green solvent makes it a clean and green protocol. Further, 

the protective effects of 3a and 3b were determined regarding oxidative stress in the liver, 

kidney, and brain, which offer excellent results. 
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