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ARTICLE INFO ABSTRACT
Keywords: In this article, copper carbonate analog with good peroxidase-like activity was successfully syn-
Copper carbonate analog thesized for the first time via a simple co-precipitation of CuSO4#5H>0 and NayCOs3. The obtained

Peroxidase-like activity copper carbonate analog exhibited excellent intrinsic peroxidase-like activity towards a classical

gslr; (:Iyn?;c detection peroxidase substrate of 3, 3, 5, 5 -tetramethylbenzidine (TMB) in the presence of hydrogen
Isoniazid peroxide (H203) under an acidic environment. The study of the catalytic mechanism confirmed

that the hydroxyl radical produced from the decomposition of HyO5 is the main reactive oxygen
species responsible for the catalytic oxidation of TMB to oxTMB. Moreover, results from kinetic
parameter analysis indicated that HyO, was more easily and/or likely to attach to the copper
carbonate analog than TMB. Subsequently, the effects of experimental conditions (buffer pH,
temperature, and incubation time) on the catalytic activity of the copper carbonate analog were
also optimized. Finally, a copper carbonate analog-based colorimetric sensor was developed to
determine isoniazid. Under the optimal conditions, the linear range for isoniazid was as broad as
0-178.6 pM, and the detection limit was as low as 8.47 uM. The spiked recoveries of isoniazid in
normal human serum has been observed in the range of 94.8%-105.5 %. This strategy focuses on
the development of a green, cost-efficient peroxidase mimic with high activity, good biocom-
patibility, and a simple synthesis process.

1. Introduction

Horseradish peroxidase (HRP, EC 1.11.1.7) is an important catalyst in living organisms and can effectively catalyze many
biochemical reactions [1]. Owing to its remarkable efficiency, versatility, and specificity for substrates, HRP has been found to be of
great importance in catalytic and diagnostic processes [2-4]. In analytical diagnostics, HRP is able to generate distinctive colors when
it interacts with hydrogen peroxide (H202) and various substrates, such as 3,3',5,5-tetramethylbenzidine (TMB), o-phenylenediamine,
and diaminobenzidine [5,6]. Nevertheless, the application of peroxidase always suffers from certain limitations such as low stability,
lack of reusability, high cost, and sensitivity to the surrounding environment (strong acidic and basic or high temperature) [7-9].
Taking advantage of the remarkable progress in nanotechnology, nanozymes have been viewed as a viable substitute for natural
enzymes, as they possess high stability, design flexibility, cost-effectiveness, robustness, and tunable catalytic activity [10-13].

So far, lots of nanomaterials, such as iron single-atom catalysts [14], carboxymethylcellulose-platinum nanoparticles [15], and
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Fig. 1. Schematic illustration of the synthesis process of copper carbonate analog (A) and its application in colorimetric sensing of isoniazid (B).

Fe-N/C single-atom nanozyme [16], have been demonstrated to serve as enzyme mimics similar to natural enzymes such as peroxidase
[14], laccase [15] or oxidase [16]. These nanomaterials have been widely used in clinical diagnosis, nanomedicine, and environmental
monitoring. For example, nanomaterials with oxidase-like catalytic activity can catalyze the corresponding enzymatic substrates to
produce color changes, which has been utilized to construct colorimetric biosensors. Shen et al. [17] developed a colorimetric method
to detect organophosphorus pesticides by directly oxidizing the chromogenic substrate of o-phenylenediamine to 2,3-diaminopheno-
thiazine. Moreover, the biomedical applications of nanozymes have also been reported, including bacterial infections, relief of tumor
hypoxia, and inhibition of metastasis. Zhang et al. developed a CuS@Pt-Au/aptamer nanozyme for the synergistic therapy of wound
infections in diabetic mice. The nanozyme exhibits the release of hydroxyl radicals and excellent photothermal properties [18]. Many
metal complexes are traditionally prepared under harsh conditions, such as high temperature and pressure, calcination, and reflux.
These conditions not only pose challenges in terms of experimental difficulty and the need for specialized equipment, but they also
increase the risks involved [19]. Moreover, it is unfavorable for large-scale preparation and application. Thus, exploring a green and
cost-efficient peroxidase mimic with high activity, environmental friendliness, large-scale preparation, and a simple synthesis process
is still of significance.

Currently, metallic oxides and salts, which are a large family of inorganic materials, have been widely used in analytical di-
agnostics, catalysis, and enzyme immobilization due to their chemical stability, good biocompatibility, and low cost [20-22]. For
example, a phytic-acid modified Cuz(PO4)2-3H20 organic-inorganic hybrid material with intrinsic peroxidase-like catalytic activity
has been prepared by us [20]. Finally, the developed colorimetric method for hydrogen peroxide detection has a linear range of
0.1-5.0 mM and a detection limit of 0.079 mM. A laccase mimic enzyme based on copper ion and adenosine monophosphate has been
prepared by Huang et al. [21] for the removal and detection of phenolic compounds. The linear range for phenolic compounds
detection by nanozyme was 0.1-100 pM with a detection limit of 0.033 pM. Metal phosphate compound has been customarily used as
support for enzyme immobilization. For example, a Cug(PO4),-based hybrid nanoflower was successfully prepared for the immobi-
lization of B-galactosidase [22]. The immobilized p-galactosidase possesses superior catalytic activity and stability, as well as long-term
storage stability and reusability. As a member of metallic salt compounds, copper carbonate analog has been applied in fungal bio-
mineralization [23] and supercapacitor [24]. Although the application of copper carbonate analog has been investigated, there remain
several unknowns and challenges regarding its intrinsic catalytic activity as a peroxidase mimic.

Isoniazid, a synthetic antimicrobial, is one of the first-line drugs for the treatment of tuberculosis. However, irrational dosages not
only have the potential to develop drug resistance and neurotoxicity, but may also be ineffective against tuberculosis. To ensure the
effectiveness and safety of the drug, it is essential to analyze the level of isoniazid in the serum sample. Currently, various methods for
isoniazid detection have been widely reported, such as high-performance liquid chromatography [25], fluorescence spectropho-
tometry [26], and electrochemical methods [27]. Despite the numerous advantages of these assays, they are generally expensive and
time-consuming, requiring specialized testing equipment, technicians, and laborious sample preparation. For this reason, the color-
imetric method has attracted widespread attention due to its advantages of a fast response, easy operation, and an obvious signal.
Therefore, it is of great significance to establish a simple, rapid, and accurate isoniazid detection method based on the colorimetric
method.

In this study, copper carbonate analog with excellent peroxidase-like activity was synthesized through a straightforward co-
precipitation of CuSO4w5H20 and NapCO3 (Fig. 1). The peroxidase-like activity of copper carbonate analog was demonstrated by
catalyzing the reaction between HyO5 and TMB in an acidic environment. The catalytic mechanism of the copper carbonate analog has
been systematically studied. The effects of experimental conditions (pH, temperature, and incubation time) on the catalytic activity of
the copper carbonate analog and the kinetic parameters of the copper carbonate analog were systematically investigated, respectively.
The aims of this work are: 1) Preparing a green and cost-efficient peroxidase mimic (copper carbonate analog) with high activity, good
biocompatibility, and environmental friendliness; 2) Exploring the intrinsic catalytic activity of the copper carbonate analog as a
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peroxidase mimic; 3) Establishing a simple, rapid, and accurate isoniazid detection method based on the colorimetric method; 4)
Verifying the applicability of the developed strategy by detecting isoniazid in human serum.

2. Materials and methods
2.1. Chemicals and materials

L (+)-Glutamic acid was purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). Sodium hy-
droxide, isopropanol (IPA), and sodium chloride were purchased from Chengdu Jinshan Chemical Test Co., Ltd. (Chengdu, China). 1-
Serine was purchased from Tianjin Guangfu Fine Chemical Research Institute (General Partnership) (Tianjin, China). Copper (II)
sulfate pentahydrate was purchased from Shanghai Macklin Biochemical Co., Ltd. (Shanghai, China). Superoxide dismutase (SOD),
a-amylase, and trypsin were purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China). Ethanol absolute was
purchased from Chongqing Chuandong Chemical (Group) Co., Ltd. (Chongqing, China). Sodium carbonate (NapCOs3), isoniazid, so-
dium bromide, TMB, and bovine albumin were obtained from Shanghai Adamas Reagent Co., Ltd. (Shanghai, China). Normal human
serum was purchased from Beijing Solarbio Science and Technology Co., Ltd. (Beijing, China). L (+)-Sodium acetate anhydrous, acetic
acid glacial, and hydrogen peroxide (30 %) were purchased from Chengdu Chron Chemicals Co., Ltd. (Chengdu, China).

2.2. Apparatus

Ultraviolet-visible (UV-vis) spectra were obtained by a UV-2600 spectrophotometer (Shimadzu Instruments (Suzhou) Co., Ltd.). A
FE 28 pH meter was purchased from Mettler Toledo Technology (China) Co., Ltd. For measuring the pH of the solution. DHG-9035A
drying oven was purchased from Shanghai Yiheng Technology Instrument Co., Ltd. ((Shanghai, China). UC-2H ultrasonic cleaner was
purchased from Shanghai Titan Scientific Co., Ltd. (Shanghai, China). The surface property of the material was investigated by a
SU8100 Scanning Electronic Microscopy (Hitachi, Japan). Transmission electron microscopy (TEM) images were collected with a JEM-
2100F (JEOL, Japan). Infrared spectra was collected using a Nicolet iS50 FT-IR spectrophotometer (Thermo Fisher Scientific Inc.). The
crystal structure of the material was studied by X’Pert Powder X-ray diffraction (XRD) (Empyrean, PANalytical, the Netherlands). X-
ray photoelectron spectroscopy (XPS) was recorded employing a Escalab 250Xi (Thermo Fisher Scientific Inc.).

2.3. Study of the peroxidase-like activity of copper carbonate analog

The peroxidase-like activity of copper carbonate analog was investigated by recording the absorption spectra of oxidized TMB
(0xTMB). To prepare the copper carbonate analog, 50.0 pL of CuSO4-5H20 (80.0 mM) solution was added into 50.0 pL of NayCOs
(100.0 mM) solution. This resulted in the rapid precipitation of the copper carbonate analog, which was obtained by centrifugation for
1.0 min at 500 rpm. Then, the peroxidase-like activity of the copper carbonate analog was performed in the presence of 100 pL of
sodium acetate buffer (10.0 mM, pH 4.0), 50 pL of absolute ethanol, 50 pL of Hy0O5 solution (0.24 mM) and 10 pL of TMB solution
(0.099 mM) with a total reaction volume of 210.0 pL. After being reacted at 40 °C for 5.0 min, the reaction supernatant was obtained by
centrifuging the reaction mixture at 500 rpm for 1.0 min. Next, 60.0 pL of the reaction supernatant (a uniform solution) was added to
the microcuvette. Finally, the absorbance spectrum of the supernatant was recorded in the range of 500-750 nm using a UV-2600
spectrophotometer.

2.4. Catalytic mechanism of copper carbonate analog as peroxidase-like mimic

To explore the catalytic mechanism of copper carbonate analog as a peroxidase-like mimic, IPA and SOD radical scavengers were
introduced to scavenge the reactive oxygen species of ¢OH and Oye™, respectively. In brief, a total volume of 210.0 pL of reaction
mixture containing 100 pL of sodium acetate buffer (10.0 mM, pH 4.0), 50 pL of H30, solution (0.24 mM), 10 pL of TMB solution
(0.198 mM), and 50.0 pL of varied amounts of radical scavengers were incubated at 40 °C for 5.0 min, respectively. Next, 60.0 pL of the
reaction supernatant (a uniform solution) was added to the microcuvette. Finally, the absorbance values at 652 nm were recorded.

2.5. Detection of the kinetic parameters of copper carbonate analog

The kinetic parameters of the copper carbonate analog were measured in the presence of 50.0 pL of CuSO4-5H20 (80.0 mM) so-
lution, 50.0 pL of NayCOgs (100.0 mM) solution, and 50 pL of absolute ethanol with various concentrations of TMB or Hy05. Next, 60.0
pL of the reaction supernatant (a uniform solution) was added to the microcuvette. The absorbance spectra of the reaction supernatant
was recorded at 652 nm. The kinetic parameters were obtained according to the Michaelis-Menten equation [20].

2.6. Determination of isoniazid using the colorimetric method

Firstly, 100 pL of solution containing CuSO4-5H20 (19.05 mM) and NayCO3 (23.81 mM) was mixed with 50 pL of different con-
centrations of isoniazid solution, and then incubated at 40 °C for 2.0 min. Subsequently, 50 pL of HoO5 (0.24 mM) and 10.0 pL of TMB
solution (0.099 mM) were added to the above reaction mixture and incubated at 40 °C for 5.0 min. The reaction supernatant was
obtained by centrifuging the reaction mixture at 500 rpm for 1.0 min. Next, 60.0 pL of the reaction supernatant (a uniform solution)
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Fig. 2. (A) SEM and TEM (B) images of the synthesized copper carbonate analog; (C) EDS elemental mapping images of the synthesized copper
carbonate analog.

was added to the microcuvette. Finally, the absorbance spectrum of the supernatant was taken at 652 nm using a UV-2600 spectro-

photometer. A calibration curve between isoniazid concentrations and absorbance values was plotted. The reaction mixture solutions
without the addition of isoniazid were used as the control group. The experiments were repeated at least three times.

2.7. Selectivity study

The selectivity of the colorimetric method for the detection of isoniazid was studied. The following possible interfering substances
in serum samples were analyzed under optimal conditions: CI~, Na*, urea, a-amylase, 1-glutamic acid, L-serine, trypsin, and bovine
albumin. The final concentrations of isoniazid and interfering substances were 0.016 mg/mL and 0.119 mg/mL, respectively.
3. Results and discussion

3.1. The characterizations of copper carbonate analog

The copper carbonate analog was prepared through a facile assembly procedure of Cu(Il) and NayCOs3 in water (Fig. 1). The
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Fig. 3. (A) UV-Vis absorption spectra and digital photographs of (1) Na,CO3+TMB mixture solution, (2) CuSO4+TMB mixture solution, (3)
Na>CO3+TMB + H,0, mixture solution, (4) CuSO4+TMB + H,0, mixture solution, (5) CuSO4+Na>CO3+TMB + H,0, mixture solution, (6)
CuS04+NayCO3+TMB + H0,+ isoniazid mixture solution; (B) The effects of different radical scavengers of isopropanol and superoxide dismutase
on the relative activity (%) of the synthesized copper carbonate analog. Error bars represent standard deviations (n = 3).

morphology of the copper carbonate analog was characterized by scanning electron microscopy (Fig. 2A). It can be seen that the
copper carbonate analog presented an ellipsoidal shape nanostructure, indicating the successful synthesis of the copper carbonate
analog. TEM images show that the copper carbonate analog has an ellipsoidal shape with a crystal lattice (Fig. 2B and Fig. S1).
Moreover, EDX elemental mapping was employed to further analyze the surface characteristics of the copper carbonate analog, and the
results showed that the elements Cu, O, Na, C, and S were distributed uniformly on the surface of the copper carbonate analog (Fig. 2C),
thus confirming the presence of CuSO4 and NayCO3. XPS analysis was conducted to further examine the elemental composition of the
copper carbonate analog (Fig. S2 and Table S1). The signals of Cu 2p, O 1s, C 1s, Na 1s, and S 2p can be observed in the XPS survey
spectra (Fig. S2), which is in agreement with the EDX elemental mapping images. The contents of Cu, O, C, Na, and S are 18.29 %,
46.79 %, 31.51 %, 1.77 %, and 1.65 %, respectively. XRD measurements were employed to further investigate the physical phase and
crystalline morphology of the copper carbonate analog. As shown in Fig. S3A, the XRD patterns of the copper carbonate analog display
six main characteristic diffraction peaks, which are in agreement with the standard diffraction pattern of chalconatronite (CuNay(-
CO3)2(H20)3) (JCPDS No. 71-1491). This confirms the successful synthesis of the copper carbonate analog with a crystal structure. To
investigate the chemical bonding structure in copper carbonate analog, infrared spectra was collected as shown in Fig. S3B. The
characteristic peak at approximately 3252 cm™! was identified as the ~OH stretching vibration of water molecules in the inter-layer,
accompanied by the bending vibration of H-O-H at 1644 cm ™!, suggesting the existence of absorbed water molecules in the copper
carbonate analog. The peaks at around 1456 cm Y, 1355 em ™!, and 1089 cm ™! were identified as the stretching vibrations of vOCOa,
and the asymmetrical and symmetrical stretching vibration modes of CO%~, respectively [24,28].
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Fig. 4. The effects of buffer pH, temperature, and incubation time on the relative activity (%) of the synthesized copper carbonate analog. Error bars
represent standard deviations (n = 3).

3.2. The peroxidase-like activity of copper carbonate analog

The peroxidase-like activity of copper carbonate analog was studied using TMB and H20; colorimetry. As shown in Fig. 3A, there
are no obvious absorption peak observed for the Na;CO3+TMB solution (Figs. 3A and 1 curve) and the NapCO3+TMB + H,0; solution
(Fig. 3A, 3 curve). A weak absorption peak can be observed for the CuSO4+TMB solution (Figs. 3A and 2 curve) and the CuSO4+TMB
+ H,03 solution (Figs. 3A and 4 curve). However, a characteristic absorption peak of the chromogenic system at 652 nm was observed
in the presence of CuSO4, NayCO3, TMB, and H,05 (Figs. 3A and 5 curve). The results demonstrate that the exhibited peroxidase-like
activity is derived from the as-synthesized copper carbonate analog, not from the CuSO4 or NayCOs solution. Subsequently, the
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characteristic absorption peak of the chromogenic system at 652 nm is used as a readout signal to evaluate the peroxidase-like activity.
Finally, a weak absorption peak at 652 nm can be observed after the addition of isoniazid to the CuSO4+NayCO3+TMB + H304 solution
(Figs. 3A and 6 curve). The results demonstrate that the developed method can be used to detect isoniazid.

3.3. Catalytic mechanism

To gain a better understanding of the catalytic mechanism of copper carbonate analog towards TMB and H»05, different quenching
agents were utilized to scavenge the reactive oxygen species (¢OH or Oye") that participate in the catalytic process. SOD and IPA are
generally employed to scavenge the reactive oxygen species of Ooe~ and eOH, respectively. As shown in Fig. 3B, the relative activity
(%) remains almost unchanged after the introduction of SOD with different concentrations to the copper carbonate analog-TMB-H02
system. However, with the addition of IPA to the copper carbonate analog-TMB-H;0, system, the relative activity (%) significantly
decreased with the increasing amount of IPA. These results indicate that the hydroxyl radical (¢OH) produced from the decomposition
of Hy05, is the primary reactive oxygen species responsible for catalyzing the oxidation of TMB to oxTMB.

3.4. Optimization of the reaction conditions

Similar to HRP, the peroxidase-like activity of copper carbonate analog can be influenced by pH and temperature. Thus, the effects
of buffer pH and temperature on the peroxidase-like activity of the copper carbonate analog were explored. As shown in Fig. 4A, the
relative activity (%) of the copper carbonate analog increased first and then decreased significantly with the buffer pH increasing from
4.0 to 6.0. The catalytic activity remained almost constant in the pH range of 6.0-8.0, which may be due to the fact that the formation
of the reactive intermediate (¢OH) is more favorable in an acidic environment than in a basic one [29]. As shown in Fig. 4B, the relative
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Table 1

Comparison with the performance of other analytical techniques for isoniazid detection.
Nanomaterial Synthesis time Detection methods Linear range (M) LOD (uM) Ref.
CuO/NiO >24h Colorimetry 1-20 0.4 [30]
Cr decorated N-doped carbon >34h Colorimetry 0.25-50 0.22 [31]
MXene TizCoTx >24h Voltammetry 100-4600 64 [27]
Carbon quantum dots 5h Fluorimetry 3.81-210 1.14 [32]
p-cyclodextrin doped carbon dots 12h Fluorimetry 1.46-364.59 1.02 [33]
Cu-Fe Prussian blue analog nanocube >48 h Colorimetry 1-100 0.44 [34]
Heparin sodium stabilized platinum nanoparticles 2h Colorimetry 2.5-250 1.7 [35]
Rhodium / Voltammetry 70-1300 13 [36]
Carbon dots 1.5h Fluorimetry 4-140 1.15 [37]1
Tungsten disulfide/carbon nanotubes 16.5h Electrochemistry 10-80 0.24 [38]
Mo,C/bimetallic zeolitic imidazolate framework >21h Electrochemistry 10-3500 1.5 [39]
Metal-organic framework-derived NiO@ZnO >0h Electrochemistry 0.8-800 0.25 [40]
Copper carbonate analog 1.0 min Colorimetry 0-178.6 8.47 This study

activity (%) of the copper carbonate analog increased first and then decreased significantly with temperature increasing from 40 to
70 °C. However, the highest activity of the copper carbonate analog was observed at 40 °C. Moreover, the incubation time was also
further explored. As shown in Fig. 4C, the highest activity of the copper carbonate analog was observed at 5.0 min. Therefore, the
optimal reaction conditions were as follows: the buffer pH of 4.0, the temperature of 40 °C, and the incubation time of 5.0 min.

3.5. Kinetic parameter analysis

The peroxidase-like activity of copper carbonate analog was investigated by using TMB and H202 colorimetry. The kinetic pa-
rameters (Kp,) were measured by catalyzing different concentrations of TMB or H30- in the presence of the copper carbonate analog as
the catalyst. For HyO2 as a substrate, the Lineweaver-Burk double reciprocal plot displays a good linear correlation (Y =
0.0316X+0.8177, R? = 0.9812). The Ky, value of the substrate (H2053) is calculated to be 0.038 mM (Fig. S4 A and B). For TMB as a
substrate, the Lineweaver-Burk double reciprocal plot displays a good linear correlation (Y = 0.1026X+0.043, R? = 0.9993), and the
K value is calculated to be 2.39 mM (Fig. S4 C and D). The K, value can approximate the magnitude of the affinity of the enzyme to
the substrate. In general, a smaller Ky, represents a stronger affinity of the enzyme to the substrate. Compared with previously reported
HRP and other nanozymes (Table S2), the Ky, value of the copper carbonate analog (2.39 mM) against TMB was higher than that of
HRP and some other peroxidase-like nanozymes. However, the K, of the copper carbonate analog against HO» (0.038 mM) is much
lower than that of HRP and some other peroxidase-like nanozymes. Thus, it can be concluded that HyO5 is more easily and/or likely to
attach to the copper carbonate analog than TMB due to the difference in the size of TMB and H,O, molecules.

3.6. Colorimetric detection of isoniazid

Due to the presence of a hydrazide group, isoniazid can be used as a reducing agent to inhibit TMB oxidation [30,31]. Based on this,
a colorimetric platform for the determination of isoniazid was developed. Fig. 5A shows the UV-visible absorption spectra with a
decrease in the absorbance values of 0xTMB at 652 nm as the concentrations of isoniazid increase from 0 to 178.6 pM. A good linear
relationship was established between the absorbance value and the concentration of isoniazid. As shown in Fig. 5B, the linear cali-
bration equation is A = —0.00472X+1.00153 (Where A is the absorbance value at 652 nm, X is the isoniazid concentrations, R?=
0.9943), and the linear range is from 0 to 178.6 pM. The detection limit of isoniazid is calculated to be 8.47 pM (LOD = 30/S, where S
represents the slope of the calibration curve in Fig. 5B and ¢ is the standard deviation of eleven blank assays). Additionally, for nine
batches of as-prepared copper carbonate analog, the relative standard deviation of absorbance values at 652 nm was 3.1 %. Table 1
presents a comparison of analytical techniques used to detect isoniazid with those of other reported methods. The colorimetric method
proposed in this study has a satisfactory linear range and a comparable sensitivity to those of other reported colorimetric methods.
However, the detection limit of the sensor designed in this study was higher than that of fluorescence and electrochemical methods for
the detection of isoniazid (Table 1), which may be attributed to the different principles of isoniazid detection. On the other hand,
compared to the synthesis time required for the detection of isoniazid by other nanomaterials (Table 1), the copper carbonate analog
prepared in this study only requires 1.0 min for immediate isoniazid analysis. This greatly improves the efficiency of isoniazid analysis,
and the synthesis process does not require high temperature, high pressure, or organic solvents. Thus, this method is suitable for the
rapid preliminary detection of high concentrations of isoniazid in practical applications. Finally, to validate the selectivity of the
isoniazid colorimetric platform based on the peroxidase-like activity of copper carbonate analog, the potential interferents that may be
present in serum samples were added to the reaction solutions and analyzed: Cl~, Na®, urea, a-amylase, L-glutamic acid, L-serine,
trypsin, and bovine albumin. Fig. S5 shows that the relative activity (%) is significantly affected by the presence of isoniazid. These
results demonstrate that the colorimetric detection has good specificity for isoniazid.

3.7. Real samples analysis

The practical application of the isoniazid colorimetric platform was studied by analyzing the spiked recovery of the sample in



Y. Dai and H. Zhang Heliyon 10 (2024) e34962

Table 2
Recovery of standard addition of isoniazid in human serum (n = 3).
Sample Added (upM) Found + SD (pM) Recovery (%)”
Human serum 0 0 -
29.8 28.2+0.1 94.8
59.5 58.3 £ 0.4 98.0
119.0 125.5 + 0.6 105.5

@ Recovery (%)=(found concentration-original concentration)/added concentration x 100.

normal human serum. Before analysis, normal human serum was diluted 500 times using absolute ethanol and centrifuged for 1.0 min.
Then, the supernatant was filtered through a 0.22 pm membrane filter (Shanghai Titan Scientific Co., Ltd., Shanghai, China). The
serum samples were spiked with three different concentrations of isoniazid (29.8, 59.5, and 119.0 pM). No isoniazid was found in the
serum sample. The spiked recoveries (Table 2) of isoniazid in human serum samples range from 94.8% to 105.5 %, indicating the good
reliability of the proposed method in detecting isoniazid in real samples.

4. Conclusions

In conclusion, copper carbonate analog with good peroxidase-like activity was successfully fabricated for the first time via a simple
co-precipitation of CuSO4u5H20 and NayCOs, which has the advantages of immediate use and avoids the tedious design or synthesis
processes. In addition, the kinetics assay indicates that the copper carbonate analog has a higher affinity for HoO, than that of HRP. The
prepared copper carbonate analog nanozyme was used for the detection of isoniazid with a LOD as low as 8.47 pM. This colorimetric
detection of isoniazid has certain advantages over existing methods; however, it is also associated with certain drawbacks: 1) Relies on
large instruments and requires well-skilled operators; 2) limited in its ability to detect trace amounts of isoniazid; 3) only be used to
analyze a single analyte. Thus, further investigations are necessary, such as combining this method with smartphone detection and
applying it to paper-based sensors for on-site detection. In short, this study presents an economical, efficient, and sensitive bio-
analytical method for the detection of isoniazid, which could be utilized in pharmaceutical analysis and clinical diagnosis.
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