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Abstract 

Background and purpose: Chemotherapy is the most effective and commonly utilized cancer treatment 
method. Therefore, studies on the sensitive determination of chemotherapy drugs used in cancer treatment 
can be very effective in improving treatment and reducing their side effects. Experimental approach: The two-
dimensional Co-based metal-organic framework nanosheets (2D Co-MOF NSs) were synthesized and then 
utilized to modify the screen-printed carbon electrode (2D Co-MOF NSs/SPCE). The 2D Co-MOF NSs/SPCE was 
successfully used for the determination of daunorubicin (DNR). Furthermore, we utilized differential pulse 
voltammetry, cyclic voltammetry, and chronoamperometry to evaluate the electrochemical properties of the 
created electrode. Key results: The obtained results from CV studies demonstrate that this sensor exhibits 
outstanding electrocatalytic activity for the redox process of DNR. Under optimal experimental conditions, 
quantitative measurements resulted in a linear concentration range from 0.004 to 450.0 μM for DNR with a 
limit of detection (LOD) of 0.001 μM. Furthermore, the fabricated electrode was used for the simultaneous 
voltammetric detection of DNR and idarubicin (IDR). According to the results, the 2D Co-MOF NSs/SPCE sensor 
showed two well-defined peaks for the voltammetric oxidation of DNR and IDR. Eventually, the practical 
sample detection of DNR and IDR was successfully validated with acceptable results. Conclusion: The 
developed sensing platform will be beneficial for enabling effective medical strategies to improve the clinical 
efficacy of chemotherapy drugs. 

©2025 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons 
Attribution license (http://creativecommons.org/licenses/by/4.0/). 

Keywords 
Chemotherapy; 2D Co-MOF nanosheets; electrochemical sensing platform 

 

Introduction 

Cancer is one of the most severe, fatal, and frequently occurring diseases worldwide. Cancer originates when 

cells within the body grow uncontrollably [1,2]. Acute leukaemia, also known as blood cancer, is a prevalent 

life-threatening condition that typically initiates in the bone marrow, leading to an excess of immature white 

blood cells. The deoxyribonucleic acid (DNA) of these cells is either damaged or altered to prevent them from 

dying when they should, causing them to accumulate and occupy more and more space. Eventually, this leads 

to bone marrow failure [3,4]. Blood cancers are often challenging to cure entirely and frequently present with 
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a poor prognosis. The chemotherapy drugs used target the cell division process in cancer cells. Among the 

current drugs, idarubicin (IDR) and daunorubicin (DNR) hold an outstanding position in the treatment of blood 

cancer [5]. DNR and IDR belong to the anthracycline antibiotics. The precise mechanism of DNR and IDR involves 

binding to DNA and inhibiting the production of nucleic acid by disrupting the molecular structure and creating 

a space barrier. Consequently, these drugs inhibit topoisomerase II activity within the cell [6-8]. Nonetheless, 

these drugs can cause various side effects, including anaemia, nausea, hair loss, vomiting, allergic reactions, 

tinnitus, diarrhoea, fertility issues, fever, bronchospasm, flu-like symptoms, and an increased risk of secondary 

malignancies [9,10]. Consequently, the determination of DNR and IDR levels is crucial from a clinical perspective. 

There are some analytical techniques, such as high-performance liquid chromatography (HPLC) [11], 

fluorescence spectrometry [12], and capillary electrophoresis [13,14], which can be applied to determine these 

drugs. While reliable and accurate, these techniques can be costly and time-consuming, encouraging 

researchers to create new, more efficient approaches. In recent years, electrochemical sensing has attracted 

significant interest in electroactive species due to its low cost, simplicity, and portability [15-18]. These 

techniques offer the advantage of relatively short analysis times. Among different analytical techniques, 

electrochemical techniques are  relatively accurate and sensitive, making them ideal for applications in 

agriculture, food, and medicine [19-21]. Developing an appropriate platform in the electrochemical approach 

is of great importance.  

Lately, screen-printed electrodes (SPEs) have attracted significant interest due to their ability to challenge 

the conventional three-electrode cell system [22]. This is primarily because of their low cost, simplicity, 

portability, and large-scale production. These appealing features facilitate the transition of electrochemical 

laboratory investigations to on-site determination of diverse analytes. In particular, recent investigations 

have demonstrated that the modification process of the surface of electrodes using different strategies can 

be significantly effective in the development of electrochemical sensors [23,24]. Various chemically modified 

electrodes for electroanalysis and application in diverse sensors have been devised [25,26]. Compared to un-

modified electrodes, modified electrodes enhance the electrochemical response and sensitivity while 

lowering the limit of detection and reducing electrode fouling [27]. In this context, modification of the 

electrode surface by utilizing various effective materials is highly encouraged. Recent studies revealed that 

using nanomaterials in electrode modifications can revolutionize the field of electrochemical sensing by 

enabling rapid and sensitive detection of different substances with potential applications in healthcare, 

environmental monitoring, and food safety [28-31]. 

Metal-organic frameworks (MOFs) refer to porous materials originating from zeolite chemistry and 

coordination chemistry. MOF is a porous crystalline structure composed of metal ions connected by organic 

ligands. The properties and structure of MOFs can be continuously tailored according to the research and 

function by adjusting the metal ions and ligands [32,33]. Two-dimensional (2D) MOFs have been extensively 

utilized in sensing technology, electrochemical energy storage, and catalytic reactions thanks to their 

exceptional ion diffusion, large specific surface area, and electron-rich active centre [34,35]. The utilization 

of 2D cobalt-based MOF nanomaterials (2D Co-MOF NSs) as an electrode material for electrochemical sensors 

has emerged as a topic of significant research interest. 

In this study, 2D Co-MOF NSs were synthesized and characterized using X-ray diffraction (XRD) and field-emis-

sion scanning electron microscopy (FE-SEM). The synthesized 2D Co-MOF NSs material was subsequently drop-

cast onto a screen-printed carbon electrode (2D Co-MOF NSs/SPCE) to create a new electrochemical sensing 

platform for the detection of DNR. Due to its customized surface properties, 2D Co-MOF NSs exhibited significantly 

improved electrochemical activity for the redox process of DNR. Also, the 2D Co-MOF NSs modified SPCE was 

applied for the simultaneous determination of DNR and IDR. The proposed sensor showed two distinct oxidation 
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peaks for these species. Additionally, the developed sensing platform was effectively used to detect the levels of 

DNR and IDR in real samples, demonstrating high accuracy and practicality.  

Experimental 

Chemicals and instrumentations 

Daunorubicin, idarubicin, 2-aminoterephthalic acid, Co(NO3)26H2O, and other chemicals were obtained 

from Merck and Sigma-Aldrich. The used reagents were of analytical quality and without additional 

preparations and purifications. The buffer solution (phosphate buffer solution (PBS)-0.1 M), as the supporting 

electrolyte solution, was prepared by using phosphoric acid (H3PO4). The solutions  were adjusted at the desired 

pH value with sodium hydroxide (NaOH) solution using a pH meter (model 713-Metrohm- Switzerland). The 

electrochemical investigations and measurements, including voltammetric tests (CV and DPV) and 

chronoamperometric studies, were carried out using a PGSTAT 302N-electrochemical workstation (Metrohm, 

The Netherlands) connected to a computer. The screen-printed carbon electrodes (SPCEs) consist of a three-

electrode configuration (working, reference, and counter electrodes). They have carbon working electrode 

(WE), carbon counter electrode (CE), and Ag-pseudo reference electrode (RE). 

Synthesis of 2D Co-MOF NSs 

The preparation of 2D Co-MOF NSs was performed according to the method reported by Li et al.  with some 

modifications [36]. At first, 0.86 mmol of Co(NO3)26H2O (0.25 g) was added to 20 mL of deionized water. Then, 

a separate solution was prepared by adding 0.4 mmol (0.072 g) of 2-aminobenzene-1,4-dicarboxylic acid (2-

aminoterephthalic acid) and 0.25 g of polyvinylpyrrolidone (PVP) into a mixture of ethanol (20 mL) and N,N-

dimethylformamide (DMF) (20 mL). This solution was stirred for about 30 min at ambient temperature. After 

that, the aqueous solution of Co(NO3)2 was added slowly to the above solution. After stirring for 30 min, they 

were mixed and transferred into a Teflon-lined autoclave. The hydro/solvothermal reaction of precursors was 

carried out by placing the autoclave into an oven to heat for 24 h at 80 °C. After completion of the reaction, the 

autoclave was removed from the oven and gradually cooled. The precipitation of prepared 2D Co-MOF NSs was 

separated from the solution through centrifugation at 6000 rpm for 7 min. Finally, the precipitate was washed 

with the mixture of deionized water and ethanol for several times and then dried at 65 °C for 15 h. 

Modification and preparation of working electrode 

2D Co-MOF NSs-modified SPCE was created using a straightforward drop-casting technique. Initially, 2D Co-

MOF NSs suspension (1 mg/mL in water) was sonicated for 30 minutes, following which 3.0 μL of the 

suspension was drop-casted on the WE of SPCE. After evaporating the suspension solvent on the WE, the 

modified SPCE was prepared. 

Results and discussion 

Characterization of 2D Co-MOF NSs  

The crystalline structure of 2D Co-MOF NSs was evaluated by XRD (Figure 1). As observed from the XRD 

pattern, 2D Co-MOF NSs reveal characteristic peaks, which confirm their crystallinity. The observed XRD 

pattern corresponds to the obtained results in the previous report [36]. 

Figure 2 depicts the FE-SEM images of as-prepared Co-based MOF at various magnifications. FE-SEM 

images reveal the formation of a two-dimensional sheet-like structure of Co-based MOF with a thickness of 

about below 100 nm. 
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Figure 1. XRD pattern of 2D Co-MOF NSs 

 
Figure 2. FE-SEM images of 2D Co-MOF NSs 

Electrochemical response of DNR at bare SPCE and 2D Co-MOF NSs/SPCE 

The impact of pH on the voltammetric analysis of DNR was evaluated within the pH range of 2.0 to 9.0 

using the DPV method. The findings indicated that as the pH increased, the anodic peak currents (Ipa) of DNR 

also increased, and the highest Ipa of DNR was obtained at pH 7.0 and subsequently decreased. Hence, pH 7.0 

was selected as the optimal pH value of PBS for further studies and measurements. 
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Figure 3 indicates the CV responses of un-modified SPCE (a) and 2D Co-MOF NSs/SPCE (b) in 0.1 M PBS with 

pH 7.0 containing 300.0 µM DNR at a scan rate of 50 mV s−1. In both voltammograms, the appearance of 

oxidation and reduction peaks revealed that the electrochemical process of DNR is redox under these 

conditions.  The cyclic voltammogram a shows a weak redox peak for DNR on the surface of bare SPCE, 

demonstrating that the electron transfer occurs at a low rate on the surface of this electrode. After SPCE 

modification, the enhanced and well-defined redox peak currents (Ipa = 12.9 µA and Ipc = -10.6 µA) appear at 

considerably lower overpotentials 320 (Epa) and 230 mV (Epc) on the 2D Co-MOF NSs/SPCE. This facilitated 

electrochemical response towards DNR is associated with the high surface area of the developed electrode. 

Thus, 2D Co-MOF NSs can serve as an efficient material for the sensitive electrochemical detection of DNR. 

 
Figure 3. CVs of un-modified SPCE (a) and 2D Co-MOF NSs/SPCE (b) in pH 7.0 of 0.1 M PBS with 300.0 µM DNR  

at scan rate of 50 mV s-1 

Investigation of scan rate at 2D Co-MOF NSs/SPCE  

Figure 4 illustrates the CVs of 150.0 µM DNR in 0.1 M PBS (pH 7.0) on the 2D Co-MOF NSs/SPCE at various 

scan rates.  

 

Figure 4. CVs of 150.0 µM DNR at the 2D Co-MOF NSs/SPCE in 0.1 M PBS (pH 7.0) at different scan rates, cyclic 
voltammograms a to k related to 5 (a), 10 (b), 20 (c), 30 (d), 40 (e), 50 (f), 60 (g), 70 (h), 80 (i), 90 (j) and 100 mV s-1 (k) 

y = 1.0672x + 2.3148 
R2 = 0.9912 

y = 0.9695x – 0.7693 
R2 = 0.9969 
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This experiment was conducted to study the kinetics of the electrode reactions and confirm whether 

diffusion solely dictates mass transport. The observation indicates that the redox peak currents (Ipa and Ipc) 

gradually increase as the scan rate increases (Figure 4). As the scan rate increased, the redox potentials of DNR 

experienced a slight shift, suggesting kinetic constraints in the electrochemical reaction of DNR. Within the 

range of 5 to 100 mV s-1, the redox peak currents exhibited a proportional relationship to the square root of the 

scan rate (v1/2), suggesting that the electron transfer reaction was governed by a diffusion process. 

Chronoamperometric investigations 

To calculate the diffusion coefficient, chronoamperograms for DNR were obtained using 2D Co-MOF 

NSs/SPCE at a constant potential of 370 mV (Figure 5). The DNR diffusion coefficient was determined using 

the Cottrell Equation (1): 

I = nFAD1/2 Cπ-1/2t-1/2 (1) 

where D is the diffusion coefficient (cm2 s-1) and C is the analyte concentration (mol cm-3). The inset of (A) in 

Figure 5 exhibits the experimental plots of I vs. t-1/2 with the optimal fits for various concentrations of DNR used. 

Subsequently, the slopes of the obtained linear relationships were plotted against the DNR concentrations 

(inset (B) of Figure 5). By analyzing the regression slope and applying the Cottrell equation, the average D of 

2.7×10-6 cm² s⁻¹ was calculated for DNR. 

 
Figure 5. Chronoamperograms of 2D Co-MOF NSs/SPCE for DNR in 0.1 M PBS (pH 7.0); at a potential step of 370 mV 

for diverse concentrations of DNR (chronoamperograms related to C: 0.1 (a), C: 0.4 (b), C: 0.7 (c), C: 1.2 (d), and C: 2.0 
mM (e) of DNR). Inset A: Plots of I vs. t-1/2 obtained from Cottrell's plot based on obtained chronoamperograms. Inset 

B: Plot of the slopes of the straight lines vs. the DNR concentrations 

Voltammetric detection of DNR on 2D Co-MOF NSs/SPCE 

Figure 6 illustrates the DPV responses at various concentrations of DNR on 2D Co-MOF NSs/SPCE and the 

related calibration curve. As depicted in Figure 6, the current responses rise as the concentration of DNR 

increases. Under optimal conditions, linearity was established with the equation Ip (μA) = 0.0382CDNR (μM) + 

y = 5.6931x + 3.512 
R2 = 0.9992 
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0.8014; (R² = 0.9997). A good linearity is achieved (Inset of Figure 6) when plotting anodic peak currents (Ipa) 

against DNR concentrations ranging from 0.004 to 450.0 μM with a LOD of 0.001 μM based on S/N = 3. The 

sensitivity of the method was 0.0382 μA μM-1. 

 
Figure 6. DPV responses at the 2D Co-MOF NSs/SPCE in 0.1 M PBS with pH 7.0 containing diverse concentrations of 
DNR (differential pulse voltammograms a to p related to 0.004, 0.05, 0.5, 2.5, 10.0, 25.0, 50.0, 75.0, 100.0, 150.0, 

200.0, 250.0, 300.0, 350.0, 400.0, and 450.0 µM DNR, respectively). Inset: the plot of Ipa vs. the DNR concentration 

Simultaneous determination of DNR and IDR 

The DPVs of solutions with varying concentrations of DNR and IDR were obtained at 2D Co-MOF NSs/SPCE 

(Figure 7).  

 
Figure 7. DPV responses at the 2D Co-MOF NSs/SPCE in 0.1 M PBS (pH 7.0) containing diverse concentrations of DNR 

and IDR (voltammograms a to h are corresponded to 0.5+0.5, 10.0+10.0, 25.0+25.0, 50.0+50.0, 100.0+100.0, 
200.0+200.0, 300.0+300.0, and 400.0+400.0 µM of DNR and IDR, respectively). Insets: (A) the plot of Ipa vs. the DNR 

concentration and (B) the plot of Ipa vs. the IDR concentration 

y = 0.0393x + 0.5626 
R2 = 0.9995 

y = 0.0385x + 0.7827 
R2 = 0.9997 
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The DPVs depicting Ipa versus the concentration of DNR and IDR are displayed in Figures 7A and 7B, 

respectively. The slope observed in Figure 7A is close to that obtained in individual DNR analyses. Two distinct 

oxidation signals were detected in the solutions with varying concentrations of DNR and IDR with a separation 

of ΔE = 170 mV. These findings validate the performance of 2D Co-MOF NSs/SPCE as a voltammetric sensor 

for quantifying DNR in the presence of IDR. 

Practical application 2D Co-MOF NSs/SPCE sensor in real specimens 

The suitability of 2D Co-MOF NSs/SPCE was assessed for the analysis of DNR and IDR in real specimens. 

These drugs were analysed in injection samples. The quantification of DNR and IDR in these samples was 

carried out using the standard addition approach. The outcomes are displayed in Table 1. The recoveries 

were also calculated, and the results are satisfactory, indicating that the proposed technique is effective for 

quantifying DNR and IDR trace levels in injection samples. 

Table 1. Determination of DNR and IDR in real specimens using 2D Co-MOF NSs/SPCE sensor (n = 5). 

Sample Spiked concentration, µM Found concentration, µM Recovery, % RSD, % 

DNR injection 

DNR IDR DNR IDR DNR IDR DNR IDR 

0 0 3.1 - - - 3.3 - 

1.0 5.0 4.0 5.1 97.6 102.0 2.9 2.3 

3.0 7.0 6.3 6.9 103.3 98.6 2.1 3.0 

5.0 9.0 8.2 8.9 101.2 98.9 1.7 2.0 

8.0 11.0 10.8 11.5 97.3 104.5 2.6 2.7 

IDR injection 

0 0 - 2.1 - - - 2.4 

5.5 3.0 5.6 5.0 101.8 98.0 3.1 2.8 

7.5 5.0 7.3 7.3 97.3 102.8 2.1 1.9 

9.5 7.0 9.8 9.0 103.2 98.9 1.8 2.2 

11.5 9.0 11.4 11.5 99.1 103.6 2.5 2.3 

Conclusion 

In summary, the SPCE was modified with 2D Co-MOF NSs and employed as a voltammetric sensor for DNR 

detection. The electrochemical investigations show that the 2D Co-MOF NSs/SPCE sensor can enhance the 

voltammetric sensing of DNR compared with un-modified SPCE. Quantitative analysis was conducted using 

DPV, revealing a linear relationship between peak currents and DNR concentrations in the 0.004 to 450.0 μM 

range, with a LOD of 0.001 μM. In addition, the proposed sensor displayed good catalytic activity for highly 

sensitive detection of DNR in the presence of IDR. Finally, the 2D Co-MOF NSs/SPCE sensor was successfully 

used in the quantification of DNR and IDR in real specimens. 

Acknowledgements: This project was received financial support from National Institute for Medical Research 
Development (NIMAD), Islamic Republic of Iran (grant number 4010273). 

Declaration of competing interest: The authors have no declaration of interest.  

Data Availability Statement: The data presented in this study are available on request from the 
corresponding authors. 

References 

[1] J. Rodríguez, G. Castañeda, I. Lizcano. Electrochemical sensor for leukemia drug imatinib 
determination in urine by adsorptive striping square wave voltammetry using modified 
screen-printed electrodes. Electrochimica Acta 269 (2018) 668-675. 
https://doi.org/10.1016/j.electacta.2018.03.051 

https://doi.org/10.1016/j.electacta.2018.03.051


ADMET & DMPK 13(2) (2025) 2686 Simultaneous determination of daunorubicin and idarubicin 

doi: https://doi.org/10.5599/admet.2686  9 

[2] Q. Shen, S.K. You, S.G. Park, H. Jiang, D. Guo, B. Chen, X. Wang. Electrochemical biosensing 
for cancer cells based on TiO2/CNT nanocomposites modified electrodes. Electroanalysis 20 
(2008) 2526-2530. https://doi.org/10.1002/elan.200804351 

[3] .M. Khoshfetrat, M.A. Mehrgardi. Amplified detection of leukemia cancer cells using an 
aptamer-conjugated gold-coated magnetic nanoparticles on a nitrogen-doped graphene 
modified electrode. Bioelectrochemistry 114 (2017) 24-32.  
https://doi.org/10.1016/j.bioelechem.2016.12.001 

[4] J. Dupuis, P. Brice, S. François, L. Ysebaert, S. de Guibert, V. Levy, S. Leprêtre, S. Choquet, 
M.S. Dilhuydy, L. Fornecker, V. Morel, A. Tempescul. Ofatumumab in refractory chronic 
lymphocytic leukemia: experience through the French early access program. Clinical 
Lymphoma, Myeloma & Leukemia 15 (2015) e43-e46. 
https://doi.org/10.1016/j.clml.2014.07.013 

[5] M.M. Zangeneh, A. Zangeneh. Novel green synthesis of Hibiscus sabdariffa flower extract 
conjugated gold nanoparticles with excellent anti‐acute myeloid leukemia effect in 
comparison to daunorubicin in a leukemic rodent model. Applied Organometallic Chemistry 
34 (2020) e5271. https://doi.org/10.1002/aoc.5271 

[6] S.N. Mahnik, K. Lenz, N. Weissenbacher, R.M. Mader, M. Fuerhacker. Fate of 5-fluorouracil, 
doxorubicin, epirubicin, and daunorubicin in hospital wastewater and their elimination by 
activated sludge and treatment in a membrane-bio-reactor system. Chemosphere 66 (2007) 
30-37. https://doi.org/10.1016/j.chemosphere.2006.05.051 

[7] S. Soleimani, E. Arkan, T. Farshadnia, Z. Mahnam, F. Jalili, H.C. Goicoechea, A.R. Jalalvand. 
The first attempt on fabrication of a nano-biosensing platform and exploiting first-order 
advantage from impedimetric data: Application to simultaneous biosensing of doxorubicin, 
daunorubicin and idarubicin. Sensing and Bio-Sensing Research 29 (2020) 100366. 
https://doi.org/10.1016/j.sbsr.2020.100366 

[8] H.E.S. Kara. Redox mechanism of anticancer drug idarubicin and in-situ evaluation of 
interaction with DNA using an electrochemical biosensor. Bioelectrochemistry 99 (2014) 17-
23. https://doi.org/10.1016/j.bioelechem.2014.06.002 

[9] J.A. Ribeiro, F. Silva, C.M. Pereira. Electrochemical study of the anticancer drug daunorubicin 
at a water/oil interface: Drug lipophilicity and quantification. Analytical Chemistry 85 (2013) 
1582-1590. https://doi.org/10.1021/ac3028245 

[10] A. Goida, Y. Kuzin, V. Evtugyn, A. Porfireva, G. Evtugyn, T. Hianik. Electrochemical sensing of 
idarubicin—DNA interaction using electropolymerized Azure B and Methylene blue 
mediation. Chemosensors 10 (2022) 33. https://doi.org/10.3390/chemosensors10010033 

[11] J. De Jong, P.A. Maessen, A. Akkerdaas, S.F. Cheung, H.M. Pinedo, W.J.F. Van der Vijgh. 
Sensitive method for the determination of daunorubicin and all its known metabolites in 
plasma and heart by high-performance liquid chromatography with fluorescence 
detection. Journal of Chromatography B: Biomedical Sciences and Applications 529 (1990) 
359-368. https://doi.org/10.1016/S0378-4347(00)83842-6 

[12] T. Pérez Ruiz, C. Martínez Lozano, A. Sanz, E. Bravo. Simultaneous determination of doxo-
rubicin, daunorubicin, and idarubicin by capillary electrophoresis with laser‐induced fluore-
scence detection. Electrophoresis 22 (2001) 134-138. https://doi.org/10.1002/1522-2683 

[13] G. Hempel, S. Haberland, P. Schulze-Westhoff, N. Möhling, G. Blaschke, J. Boos. 
Determination of idarubicin and idarubicinol in plasma by capillary electrophoresis. Journal 
of Chromatography B: Biomedical Sciences and Applications 698 (1997) 287-292. 
https://doi.org/10.1016/S0378-4347(97)00299-5 

https://doi.org/10.5599/admet.2686


S. Tajik et al.  ADMET & DMPK 13(2) (2025) 2686 

10  

[14] N. Griese, G. Blaschke, J. Boos, G. Hempel. Determination of free and liposome-associated 
daunorubicin and daunorubicinol in plasma by capillary electrophoresis. Journal of 
Chromatography A 979 (2002) 379-388. https://doi.org/10.1016/S0021-9673(02)01440-1 

[15] S.N. Qin, Z.Q. Jie, L.Y. Chen, J.X. Zheng, Y. Xie, L. Feng, Z.M. Chen, k. Salmineh, J.J. Sun. Real-
time monitoring of daunorubicin pharmacokinetics with nanoporous electrochemical 
aptamer-based sensors in vivo. Sensors & Actuators, B: Chemical 411 (2024) 135710. 
https://doi.org/10.1016/j.snb.2024.135710 

[16] F.Y. Kong, L. Yao, R.F. Li, H.Y. Li, Z.X. Wang, W.X. Lv, W. Wang. Synthesis of nitrogen-doped 
reduced graphene oxide loading with Au-Ag bimetallic nanoparticles for electrochemical 
detection of daunorubicin. Journal of Alloys and Compounds 797 (2019) 413-420. 
https://doi.org/10.1016/j.jallcom.2019.04.276 

[17] E. Arkan, G. Paimard, K. Moradi. A novel electrochemical sensor based on electrospun TiO2 
nanoparticles/carbon nanofibers for determination of Idarubicin in biological samples. 
Journal of Electroanalytical Chemistry 801 (2017) 480-487. 
https://doi.org/10.1016/j.jelechem.2017.08.034 

[18] H. Subak. Novel determination of the influence of idarubicin upon DNA chain structure using 
an electrochemical DNA biosensor by voltammetry. Analytical Letters 57 (2024) 2994-3008. 
https://doi.org/10.1080/00032719.2024.2308051 

[19] Z. Chen, Y. Zhang, Y. Yang, X. Shi, L. Zhang, G. Jia. Hierarchical nitrogen-doped holey 
graphene as sensitive electrochemical sensor for methyl parathion detection. Sensors & 
Actuators, B: Chemical 336 (2021) 129721. https://doi.org/10.1016/j.snb.2021.129721 

[20] R. Sun, R. Lv, Y. Li, T. Du, L. Chen, Y. Zhang, X. Zhang, L. Zhang, H. Ma, H. Sun, Y. Qi. Simple 
and sensitive electrochemical detection of sunset yellow and Sudan I in food based on 
AuNPs/Zr-MOF-Graphene. Food Control 145 (2023) 109491. 
https://doi.org/10.1016/j.foodcont.2022.109491 

[21] H. Beitollahi, S. Tajik, M.R. Aflatoonian, A. Makarem. Glutathione detection at carbon paste 
electrode modified with ethyl 2-(4-ferrocenyl-[1,2,3] triazol-1-yl) acetate, ZnFe2O4 nano-
particles and ionic liquid. Journal of Electrochemical Science and Engineering 12 (2022) 209-
217. https://doi.org/10.5599/jese.1230 

[22] G. Paimard, E. Ghasali, M. Baeza. Screen-printed electrodes: fabrication, modification, and 
biosensing applications. Chemosensors 11 (2023) 113. 
https://doi.org/10.3390/chemosensors11020113 

[23] V.R.R. Bernardo-Boongaling, N. Serrano, J.J. García-Guzmán, J.M. Palacios-Santander, J.M. 
Díaz-Cruz. Screen-printed electrodes modified with green-synthesized gold nanoparticles for 
the electrochemical determination of aminothiols. Journal of Electroanalytical Chemistry 847 
(2019) 113184. https://doi.org/10.1016/j.jelechem.2019.05.066 

[24] H. Mahmoudi-Moghaddam, H. Beitollahi, S. Tajik, Sh. Jahani, H. Khabazzadeh, R. Alizadeh. 
Voltammetric determination of droxidopa in the presence of carbidopa using a 
nanostructured base electrochemical sensor. Russian Journal of Electrochemistry 53 (2017) 
452-460. https://doi.org/10.1134/S1023193517050123 

[25] F. Kong, J. Luo, L. Jing, Y. Wang, H. Shen, R. Yu, S. Sun, Y. Xing, T. Ming, M. Liu, H. Jin, X. Cai. 
Reduced graphene oxide and gold nanoparticles-modified electrochemical aptasensor for 
highly sensitive detection of doxorubicin. Nanomaterials 13 (2023) 1223. 
https://doi.org/10.3390/nano13071223 

[26] H. Beitollahi, S. Tajik, Z. Dourandish, F. Garkani Nejad. Simple preparation and 
characterization of hierarchical flower-like NiCo2O4 nanoplates: applications for sunset 

https://doi.org/10.1016/S0021-9673(02)01440-1
https://doi.org/10.1080/00032719.2024.2308051
https://doi.org/10.1016/j.snb.2021.129721
https://doi.org/10.5599/jese.1230


ADMET & DMPK 13(2) (2025) 2686 Simultaneous determination of daunorubicin and idarubicin 

doi: https://doi.org/10.5599/admet.2686  11 

yellow electrochemical analysis. Biosensors 12 (2022) 912. 
https://doi.org/10.3390/bios12110912 

[27] J. Cheng, Y. Li, J. Zhong, Z. Lu, G. Wang, M. Sun, Y. Jiang, P. Zou, X. Wang, Q. Zhao, Y. Wang, 
H. Rao. Molecularly imprinted electrochemical sensor based on biomass carbon decorated 
with MOF-derived Cr2O3 and silver nanoparticles for selective and sensitive detection of 
nitrofurazone. Chemical Engineering Journal 398 (2020) 125664. 
https://doi.org/10.1016/j.cej.2020.125664 

[28] L. Qian, S. Durairaj, S. Prins, A. Chen. Nanomaterial-based electrochemical sensors and 
biosensors for the detection of pharmaceutical compounds. Biosensors & Bioelectronics 175 
(2021) 112836. https://doi.org/10.1016/j.bios.2020.112836 

[29] L.A.D. Gugoasa, F. Pogacean, S. Kurbanoglu, L.B. Tudoran, A.B. Serban, I. Kacso, S. Pruneanu. 
Graphene-gold nanoparticles nanozyme-based electrochemical sensor with enhanced 
laccase-like activity for determination of phenolic substrates. Journal of the Electrochemical 
Society 168 (2021) 067523. https://doi.org/10.1149/1945-7111/ac0c32 

[30] X. Si, M. Han, W. Li, C. Bai, X. Xu, J. Xu. Electrochemical determination of vanillin in cookies at 
mediated AuNPs/GR nanocomposites modified glassy carbon electrode. Current Analytical 
Chemistry 18 (2022) 818-825. https://doi.org/10.2174/1573411018666220518093417 

[31] [31] H. Beitollahi, M. Shahsavari, I. Sheikhshoaie, S. Tajik, P. Mohammadzadeh Jahani, S.Z. 
Mohammadi, A.A. Afshar. Amplified electrochemical sensor employing screen-printed 
electrode modified with Ni-ZIF-67 nanocomposite for high sensitive analysis of Sudan I in 
present bisphenol A. Food and Chemical Toxicology 161 (2022) 112824. 
https://doi.org/10.1016/j.fct.2022.112824 

[32] Y. Qian, F. Zhang, H. Pang. A review of MOFs and their composites‐based photocatalysts: 
synthesis and applications. Advanced Functional Materials 31 (2021) 2104231. 
https://doi.org/10.1002/adfm.202104231 

[33] N. Kajal, V. Singh, R. Gupta, S. Gautam. Metal organic frameworks for electrochemical sensor 
applications: A review. Environmental Research 204 (2022) 112320. 
https://doi.org/10.1016/j.envres.2021.112320 

[34] M. Zhao, Q. Lu, Q. Ma, H. Zhang. Two‐dimensional metal–organic framework nanosheets. 
Small Methods 1 (2017) 1600030. https://doi.org/10.1002/smtd.201600030 

[35] M.V. Varsha, G. Nageswaran. 2D layered metal organic framework nanosheets as an 
emerging platform for electrochemical sensing. Journal of the Electrochemical Society 167 
(2020) 136502. https://doi.org/10.1149/1945-7111/abb4f5 

[36] Q. Li, J. Zhou, R. Liu, L. Han. An amino-functionalized metal–organic framework nanosheet 
array as a battery-type electrode for an advanced supercapattery. Dalton Transactions 48 
(2019) 17163-17168. https://doi.org/10.1039/C9DT03821C 

 
 

©2025 by the authors; licensee IAPC, Zagreb, Croatia. This article is an open-access article distributed under the terms and 
conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/)  

https://doi.org/10.5599/admet.2686
https://doi.org/10.3390/bios12110912
https://doi.org/10.1016/j.cej.2020.125664
https://doi.org/10.1016/j.fct.2022.112824
https://doi.org/10.1039/C9DT03821C
http://creativecommons.org/licenses/by/3.0/

