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Abstract 

Hypochlorous acid water (HAW) is widely used for disinfection in medical settings, yet its ability to decompose hazardous 

anticancer drug residues remains unclear. This study evaluated the decontamination efficacy of HAW on anticancer drugs by 

examining their decomposition kinetics, using sodium hypochlorite (NaClO) as a reference. Cyclophosphamide (CPA) and 5-

fluorouracil (5-FU) were tested with 0.02% HAW, NaClO at 0.02%, 0.2%, and 2%, and ozone water. Decomposition kinetics 

were monitored, and cytotoxicity of drug–decontaminant mixtures was assessed using the MTT assay. HAW rapidly 

decomposed both drugs, with no detectable CPA after 5 minutes, while NaClO degraded CPA more slowly and showed 

concentration-dependent equilibrium for 5-FU. In the MTT assay, CPA mixed with either HAW or NaClO produced cytotoxic 

products, whereas 5-FU mixtures showed no cytotoxicity. These findings suggest that HAW is more effective than NaClO in 

decomposing CPA and 5-FU and could be a promising agent for removing anticancer drug residues, although the potential 

cytotoxicity of decomposition products should be considered when applying HAW for surface decontamination in clinical 

settings. 

Keywords: HypochlorousAcid Water, Sodium Hypochlorite, Decontamination, Antineoplastic Drugs, Cytotoxicity, Pharmacy 

Practice. 

 

 

Introduction 

In recent years, research on environmental and biological 

exposures to anticancer drugs has advanced significantly. 

Healthcare professionals and others handling anticancer 

drugs have become increasingly vigilant, raising awareness 

about the potential risks associated with their handling. 

Internationally, anticancer drugs are classified as 

hazardous drugs (HDs), making healthcare professionals 

particularly concerned about their potential 

carcinogenicity, teratogenicity, and mutagenicity.Guidelines 

for anti-exposure measures, whichtypically outline 

procedures for the preparation, transport, storage, 

administration, and disposal of anticancer drugs, have been 

established domestically, with each institution 

implementing facilities and systems accordingly [1].The 

first edition of the 2008 Guidelines for the Sterile 

Preparation of Injection Drugs and Anticancer Drugs 

strongly recommended neutralizing controlled areas 

contaminated with anticancer drugs byusing 1% sodium 

thiosulfate after inactivation with 2% NaClO, depending on 

the type of drug [2]. Meanwhile, the 2015 Joint Guidelines 

for Exposure Measures in Annual Cancer Drug Therapy has 

stated that using NaClO to inactivate HDs is ineffective. 

Only a high concentration of NaClO (5.25%) can be potent 

for inactivating certain anticancer drugs, and after its 

application, surfaces should be wiped with neutralizing 

sodium thiosulfate [3]. However, NaClO is not 
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recommended as a decontaminant because of its potential 

harmful effects on the human body and tendency to cause 

equipment corrosion. Additionally, NaClO can become 

mutagenic after reacting with certain anticancer drugs [1]. 

The latest 2019 Guideline for Occupational Exposure 

Measures in Cancer Drug Therapy indicates that the use of 

NaClO is a weak recommendation and its concentration is 

not specified for cases when HDs are spilled. The guideline 

also suggests combining the most effective and safe 

concentration of NaClO with other decontamination 

solutions. Additionally, the timing of neutralization with 

sodium thiosulfate should be determined after confirming 

the required degradation time for each HD, with careful 

consideration of the device material. The US guideline 

USP800 acknowledges NaClO as one of the agents used to 

inactivate HD but clarifies that it is not a decontamination 

solution capable of inactivating all substances. The ultimate 

goal is to remove HD from contaminated surfaces [4]. Thus, 

current evidence supports limited active use of NaClO as a 

decontamination solution for HD. 

Previous studies have demonstrated that ozonated water, 

which is a strong oxidizing agent, can inactivate 

cyclophosphamide (CPA), 5-fluorouracil (5-FU), and 

gemcitabine (GEM), and it has thus been reported as a 

potential cleaning solution that can replace NaClO solution 

[5,6]; however,its practical application has not been 

implemented yet. Alternatively, hypochlorous acid water 

(HAW) has been shown to exhibit bactericidal, virucidal, 

and disinfecting properties at lower concentrations than 

NaClO and is often utilized in clinical practice as a 

bactericidal disinfectant with lower cytotoxicity. This is 

attributed to the higher proportion of highly oxidizing 

hypochlorous acid (HOCl) in HAW compared with NaClO; 

HOCl is approximately 80 times more bactericidal than 

hypochlorite (OCl−) [7]. In the present study, we aimed to 

explore the potential ofHAWto degrade anticancer drugs. 

CPA and 5-FU, representative anticancer agents, were used 

as indicators of exposure to anticancer drugs. We compared 

the effects of serial dilutions of HAW and NaClO on the 

degradation of these drugs to elucidate the efficacy ofHAW 

as a cleansing solution.  

 

Materials and Methods  

Materials 

CPA (pKa = 3.0, Log P = 0.478) and 5-FU (pKa = 8.01, Log P 

= −1.000) bulk powder (monohydrate, Lot: M1G0379 and 

anhydride, Lot: M2E8226) and MTT TS (Lot: LlT836 8) 

were purchased from NacalaiTesque, Kyoto, Japan. The 

chemical structures of CPA and 5-FUare shown in Fig. 1. 

Ion-exchanged water was used as purified water. HAW was 

prepared using P-clear®(0.02% HAW), which was kindly 

provided by Shionogi Pharma Co., Ltd. Sodium hypochlorite 

(NaClO) solution (density 1.1 g/ml) was purchased from 

FujifilmWako Pharmaceutical Co., Ltd. (Lot: ESN0432) and 

diluted with purified water to concentrations of 0.02%, 

0.2%, and 2%(v/v) for experimental purposes.Other 

drugsincludedover-the-counter special grade reagents. 

Fig 01: Chemical structures of antineoplastic drugs tested 

 

ChemO3 COR-150 (manufactured by Nikkei Micron Co., 

Ltd.) was employed as the ozone water generator, and an 

ozone concentration of 5 ppm or more was used. 

Decontamination Assessment 

CPA or 5-FU bulk powder was dissolved in purified water 

to prepare serial dilutions of 50, 500, and 2,500 μg/ml. A 50 

μl aliquot of the prepared CPAor 5-FU solution was 

dispensed in 1.5 ml polyethylene centrifuge tubes, followed 

by the addition of 200 μl of purified water and five 

decontamination solutions (ozone water, 0.02% v/v HAW, 

0.02% v/v NaClO, 0.2% v/v NaClO, and 2% v/v NaClO) at 

room temperature. HAW and NaClO concentrations used in 

this study were based on their concentration ranges 

typically encountered in clinical settings for CPA and 5-FU. 

The final concentration of CPA or 5-FU immediately after 

agitation was 10, 100, or 500 μg/ml, and the initial 

concentration was 100% residual. After stirring, the 

mixture was allowed to react at standard temperature 

(25°C) for 30 min, and the residual CPA and 5-FU 

concentrations were measured using the HPLC method. 

Table 1 lists the HPLC measurement conditions for CPA and 

5-FU. 

 

Table 01: HPLC method for CPA and 5-FU 

 
CPA 5-FU 

Column 

Cosmoshil®C18 

（5µm,4.6i.d. 

mm×mm） 

Cosmoshil®C18 

（5µm,4.6i.d. 

mm×mm） 

Wave Length 195 nm 254 nm 

Temperature 40℃ 40℃ 

Mobile Phase 

acetonitrile：

distilled water 

25:75 

40 mM  

phosphate buffer 

(pH7.4) 

Flow Rate 1.0 mL/min 1.0 mL/min 

Analytical 

Time 
15 min 15 min 

Detection limits of CPA and 5-FU are 0.5 and 0.025µg/mL, 

respectively. 
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Residual CPA and 5-FU 

CPA or 5-FU bulk powder was dissolved in purified water 

to prepare serial dilutions of 500, 1,000, and 2,500 μg/ml. 

After adding 3 ml of 0.02% HAW, 0.02% NaClO, or 0.2% 

NaClO to CPA or 5-FU solution, 750 μl of the mixture was 

dispensed in 15 ml polypropylene tubes.Subsequently, 12 

samples of 200 μl each were immediately dispensed in an 

HPLC sample cup. The final concentrations of CPA and 5-FU 

after agitation were 100, 200, and 500 μg/ml, and the 

residual rates were determined over time as 100% of the 

initial concentration immediately after agitation. The 

residual CPA or 5-FU concentrations were measured 

sequentially after the reaction using HPLC at every 10 min. 

Cytotoxicity Assessment 

The MTT assay was conducted to confirm the cytotoxicity 

of the reactant components after mixing the 

decontamination solution with or without the anticancer 

drug solution. Briefly, CPA or 5-FU bulk powder was 

dissolved in saline to prepare anticancer solutions at a final 

concentration of 45 μg/ml. Jurkat E6.1 cells, a cell line 

derived from human T-cell leukemia, was obtained from 

KAC Co. Ltd. (Kyoto, Japan) for the cytotoxicity assessment. 

Roswell Park Memorial Institute (RPMI) 1640 medium 

supplemented with 10% FBS and an antibiotic-mixed stock 

solution was used as the culture medium. The cells were 

cultured at 37°C in a 5% CO2 incubator.Next, 100 μl of cell 

suspensions were seeded in 96-well microplates at a 

density of 2.5 × 105 cells/ml. After incubating in a 5% CO2 

incubator at 37°C for 24 h, 10 μl of a mixture containing 

anticancer solution and saline or each decontamination 

solution, prepared in microtubes in equal quantities of 100 

μl each, was added to the cells. Subsequently, the cells were 

incubated for 1 or 24 h. Following this, 10 μl of MTT TS was 

added to each well, and the color reaction was performed 

for 3 h in an incubator. After the reaction, 100 μl of the 

solution was added to each well and mixed, and the 

precipitated formazan product was dissolved by pipetting. 

The absorbance was measured at 570 nm using a 

microplate reader (i-control 200 pro, TECAN).The cell 

viability (%) was calculated using the following equation: 

Cell viability (%) = (Asample−Ablank)/(Acontrol−Ablank) × 100 

WhereAblank is the absorbance of the background 

measurement well, Acontrol is the absorbance of the negative 

control added only to the cells, and Asample is the absorbance 

of the drug-treated group. 

Data Analysis 

Numerical data are expressed as the mean ± standard 

deviation (SD), unless otherwise indicated.The 

reproducibility of the HPLC analysis was confirmed by the 

coefficient of variation (%) of the measured values in 

repeated measurements.The rate constants for drug 

degradation were estimated using Phoenix 64 WmNonlin 

(Ver. 8.3.3.3.33), assuming a first-order degradation 

process. Repeated one-way ANOVA was performed to 

analyze the wash-off effects of CPA and 5-FU, as well as for 

multigroup comparisons in the MTT assay. A risk ratio of 

0.05% or less was considered significant. 

Results 

Effect of various decontamination solutions on CPA and 

5-FU degradation 

Table 2 displays the residual rates of anticancer drugs after 

addition of purified water versus the five decontamination 

solutions to CPA and 5-FU solutions prepared at high (500 

μg/ml), moderate (100 μg/ml), and low (10 μg/ml) 

concentrations for 30 min. 

 

Table 02: Effects of decontamination liquids on the 

residual rates (%) of CPA and 5-FU 

Decontam-

inationsolu

tuion 

CPA initial concn. 

（µg/mL） 

5-FU initial concn. 

（µg/mL） 

500 100 10 500 100 10 

Purified  

Water 
100 100 100 100 100 100 

Ozone  

Water 

94.25 
± 

2.83 

92.87 
± 

1.13 

86.08 
± 

6.32 

96.0 
± 

1.10 

81.76 
± 

1.62 

ND 

0.02v/v%  

HAW  

0.01 

± 
0.02 

ND ND 

75.42 

± 
1.22 

33.38 

± 
0.76 

ND 

0.02v/v%  
NaClO 

89.25 

±  
2.59 

86.42 

± 

0.86 

87.38 

± 

5.10 

78.56 

± 

1.16 

27.70 

± 

1.11 

ND 

0.2v/v%  
NaClO 

44.78 
± 

4.82 

32.78 
± 

1.46 

33.41 
± 

2.90 

0.44 
± 

0.15 

0.04 
± 

0.05 

ND 

2.0v/v%  
NaClO 

0.21 
± 

0.04 

ND ND ND ND ND 

ND indicates that the measurement is below the detection 

limit of HPLC 

 

At high concentrations of CPA (500 μg/mL), the residual 

rates were in the following order: 0.02% HAW < 2% 

NaClO< 0.2% NaClO< 0.02% NaClO< ozone water < purified 

water. At moderate concentration (100 μg/ml), the residual 

rates were in the following order: 0.02% HAW ≒ 2% 

NaClO< 0.2% NaClO< 0.02% NaClO< ozone water < purified 

water, and the residual rates of 0.02% HAW and 2% NaClO 

were within the detection limit. A similar trend was 

observed in the residual rates at low concentration of CPA 

(10 μg/ml), and the residual rates of 0.02% HAW and 2% 

NaClO were within the detection limit.At high 

concentrations (500 μg/ml) of 5-FU, the residual rates 

exhibited the following order: 2% NaClO< 0.2% NaClO< 

0.02% HAW < 0.02% NaClO< ozone water < purified water. 

For moderate concentrations (100 μg/ml), the order was 

2% NaClO< 0.2% NaClO< 0.02% NaClO< 0.02% HAW < 

ozone water < purified water. At both high and medium 

concentrations of 5-FU, the residual rates with 2% NaClO 

were not detectable. In the case of low concentration (10 

µg/ml), residual rate was only detected for purified water. 

Further, 0.02% HAW showed the strongest decomposition 

effect (p < 0.01) at all CPA concentrations—almost 100% 

decomposition within 30 min of addition. On the other 
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hand, for 5-FU, high decontamination efficacy was observed 

at onlythelow concentration (10 μg/ml). 

 

Changes in residual CPA and 5-FU after addition of 

various decontamination solutions 

Figure 02 shows the time course of the residual rates of 

CPA and 5-FU every 10 min following the addition of 

different decontamination solutions.  

Figure 02: Residual rate versus time curves of CPA and 5-

FU with detergents 

Three initial concentrations of CPA or 5-FU were tested. 

Key: △; 100 µg/mL, □; 200µg/mL, 〇; 500µg/mL 

 

The residual rates are represented relative to the initial 

concentration of each anticancer agent. Additionally, for all 

time-courses, assuming first-order decomposition, and the 

decomposition rate constants of the anticancer drugs were 

determined using the nonlinear least squares method and is 

presented in Table 03. 

 

Table 03: Decomposition rate constants (min－1) of 
CPA and 5-FU in the presence of decontamination 

solutions 

  
CPA initial 

concn.（µg/mL） 
5-FU initial 

concn.（µg/mL） 

  500 200 100 500 200 100 

0.02v/v% 
 HAW 

―* ―* ―* 
4.34 
×10-2 

12.56 
×10-2 

25.64 
×10-2 

0.02v/v% 
NaClO 

1.99 
×10-3 

2.58 
×10-3 

1.86 
×10-3 

3.39 
×10-2 

5.54 
×10-2 

10.30 
×10-2 

0.2v/v% 
NaClO 

2.54 
×10-2 

2.40 
×10-2 

2.37 
×10-2 

5.08 
×10-1 

11.31 
×10-1 

―* 

2.0v/v% 
NaClO 

―* ―* ―* ―* ―* ―* 

Asterisk indicates that the residual rete-time curve was 
not available because of ND in measurements. These 
values were obtained corresponding to the residual 
rate-time curve in Figure 02. 

 

Cases, in which the residual rate fell below the detection 

limit within 30 min, as is evident from the results in Table 

2, were excluded. Ozone water was also excluded because 

its effectiveness was deactivated in less than 30 min [8]. 

Furthermore, for CPA, owing to its rapid decomposition 

with 0.02% HAW at all initial concentrations, only 

decomposition with NaClO was investigated. The 

decomposition reactions of 5-FU with various detergents 

were promptly observed, and the decomposition rate 

constants were calculated using the measured values from 

2–3 points up to 20 min after the reaction. 

When NaClO was added to the CPA solution, the logarithmic 

residual rate of CPA decreased linearly over time, 

suggesting the involvement of a first-order degradation 

reaction mechanism in CPA decomposition. The first-order 

degradation rate constants for CPA in 0.02% NaClO 

solution were 1.99×10−3, 2.58×10−3, and 1.86×10−3 min−1 

for initial CPA concentrations of 500, 200, and 100 µg/ml, 

respectively. The respective values for CPA in 0.2% NaClO 

solution were 2.45×10−2, 2.40×10−2, and 2.37×10−2 

min−1.However, when 0.02% HAW or 0.02% or 0.2% NaClO 

solution was added to the 5-FU solution, an equilibrium 

was observed over the time courses of the 5-FU residual 

rates. The 5-FU residual rateat equilibrium decreased at 

lower initial 5-FU concentrations (Fig. 2a-c). However, 

when 0.02% HAW was used, the residual rate reached 

equilibrium 5 min after the addition for all three initial 

concentrations. In contrast, for 0.02% NaClO solution, 

equilibrium was reached after 20–30 min of addition, and 

the residual rate at equilibrium was similar to that when 

0.02% HAW solution was added for allinitial 

concentrations of 5-FU. Furthermore, compared with the 

other two decontamination solutions, 0.2% NaClO solution 

resulted in strong degradation of 5-FU. Even under high 

initial concentration of 5-FU at 500 µg/ml, equilibrium in 

the residual rate was observed.The residual rate reached 

equilibrium in approximately 20 min, similar to the 

conditions observed for lower initial levels of 5-FU (Fig. 

2c).Because a linear relationship was not observed in the 

residual rate-time curve for the degradation of 5-FU, the 

degradation rate constant was calculated using the initial 

measured values of 2–3 points. In the case of 0.02% HAW, 

the decomposition rate constants for 5-FU at initial levels of 

500, 200, and 100 µg/ml were 4.34×102−, 12.56×10−2, and 

25.64×10−2 min−1, respectively.In the case of 0.02% NaClO 

solution, the values were 3.39×10−2, 5.54×10−2, and 

10.30×10−2min−1, respectively. In case of 0.2% NaClO 

solution, the values were 5.08×10−1 and 11.31×10−1 min−1 

for the two initial levels of 5-FU, 500 and 200 µg/ml, 

respectively. 

Relationship between the residual rate and 

decomposition rate in 5-FU degradation after addition 

of each decontamination solution 

Based on the residual rate-time curve of 5-FU shown in Fig. 

2, the degradation rate was calculated for each initial 

concentration of 5-FU and the residual concentration of 5-

FU at equilibrium.The relationship between the 

decontamination effect of 0.02% HAW and NaClO solutions 

was investigated.Figure 3 illustrates the relationship 

between the degradation rate and residual rate at each 

initial concentration of 5-FU when each decontamination 

solution was added. 
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Fig 03: The relationship between residual rate and 

decomposition rate of 5-FU after the addition of various 

detergents 

Three initial concentrations of 5-FU were tested. The 

decomposition rate is defined as one minus the residual 

rate relative to the initial concentration. The average values 

of the data for 5-FU charts (a to c) as shown in Fig. 2, 

starting from 25 minutes onwards when equilibrium was 

reached, were calculated, and then determined the residual 

rate. 

 

The residual rate at equilibrium was calculated from the 

values in the last 10 points after the reaction in Fig. 02. 

When 0.02% HAW added, the decomposition rate 

decreased with an increase in the initial 5-FU 

concentration. The decomposition rates were 69%, 48%, 

and 25% of for the initial 5-FU concentrations of 100, 200, 

and 500 μg/ml, respectively. When 0.02% NaClO solution 

was added, the decomposition rates of 5-FU were 70%, 

56%, and 20%, respectively. However, when 0.2% NaClO 

solution was added, 100% decomposition was observed for 

initial 5-FU concentrations of 100 and 200 µg/ml, while 

99% decomposition was achieved for the 500 μg/ml 

concentration. 

Cytotoxicity of various anticancer agent and 

decontamination solution mixtures 

Cell viability (%) was assessed using the MTT assay after 

exposure to anticancer drug (CPA or 5-FU) solution alone, 

each decontamination solution alone, and a mixture of 

anticancer drugs with various decontamination solutions. 

Figures 4 and 5 show the results of CPA and 5-FU incubated 

with various decontamination solutions for 1 or 24 h. 

Normal saline was added to the control and the cells were 

incubated.  
After 1 h of CPA addition, cell viability was 90.8% ± 9.8%, 

decreasing to 82.7% ± 8.1% at 24 h. For 5-FU, cell viability 

was 93.6% ± 5.3% at 1 h and significantly dropped to 

56.2% ± 3.9% at 24 h. Both CPA and 5-FU exhibited 

increased cytotoxicity at 24 h compared with 1 h, with 5-

FUshowing agreater impact on cell viability over time. 

When treated.  

Fig 04: Results of MTT assay for various detergents with 

and without antineoplastic drugs after 1hr incubation Open 

columns represent 0.02v/v%HMA with or without 

antineoplastic drugs. Each bar represents the mean±SD of 5 

determinations. **) Significantly difference from control or 

detergent only (p<0.01). 

 

 
Fig 05: Results of MTT assay for various detergents with 

and without antineoplastic drugs after 24hrs incubation 

Open columns represent 0.02v/v%HMA with or without 

antineoplastic drugs. Each bar represents the mean±SD of 5 

determinations. **) Significantly difference from control or 

detergent only (p<0.01). 

 

with 2% NaClO alone, cell viability was 7.9% ± 6.5% at 1 h 

and 12.2% ± 3.4% at 24 h. Mixing with CPA caused the 

cellviability to be 6.2% ± 6.9% at 1 h and 11.4% ± 3.7% at 

24 h, which were comparable to the effects of 2% NaClO 

alone. Similarly, when 5-FU and 2% NaClO were mixed, cell 

viability was 13.0% ± 7.3% at 1 h and 10.3% ± 3.4% at 24 

h, indicating high cytotoxicity similar to CPA.Similartothe 

results observed when CPA was used alone, there was little 

difference in the results when 2% NaClO solution was 

applied alone. This is because 2% NaClO is considered 

strongly cytotoxic. When 0.2% NaClO was used alone, cell 

viability was 89.2% ± 8.0% at 1 h and significantly 

decreased to 5.8% ± 3.2% at 24 h, demonstrating increased 

cytotoxicity with prolonged treatment. When mixed with 

CPA, cell viability was 77.9% ± 19.8% at 1 h and 7.6% ± 

3.8% at 24 h, which was comparable to using the 

decontamination solution alone. However, mixing with 5-
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FU resulted in a cell viability of 92.4% ± 4.4% at 1 h and 

38.4% ± 7.6% at 24 h, indicating a 30% reduction in 

cytotoxicity compared with decontamination alone. In 

contrast, 0.02% NaClO alone showed slight cytotoxicity 

after 24 h, with cell viability at 94.4% ± 4.7% at 1 h and 

85.8% ± 17.2% at 24 h. CPA increased cytotoxicity by 

approximately 10% and 5% at 1 and 24 h, respectively. 

Mixing with 5-FU resulted in an approximately 25% 

increase in cytotoxicity after 24 h compared with 

decontamination alone. On the other hand, the cell viability 

with 0.02% HAW alone was 92.4% ± 3.5% at 1 h and 

100.2% ± 7.1% at 24 h, and no cytotoxicity was observed 

after 24 h. When mixed with CPA, the cell viability was 

10.4% ± 7.1% at 1 h and 16.7% ± 9.7% at 24 h, showing 

approximately 80% cytotoxicity compared with 0.02% 

HAW alone. Additionally, when mixed with 5-FU, the cell 

viability was 95.1% ± 9.5% at 1 h and 59.1% ± 11.8% at 24 

h, indicating approximately a 40% increase in cytotoxicity 

after 24 h compared with using 0.02% HAW alone. 

Discussion 

This study demonstrated the practical application of 

anticancer drugs in routine preparations and contribute to 

the development of efficient yet simple decontamination 

methods for safety cabinets and similar environments. The 

experimentally determined concentrations of anticancer 

drugs represent the maximum levels typically administered 

in routine clinical practice. Although various types of 

anticancer agents exist, this study focused on CPA and 5-FU 

because of their versatility.CPA is widely used in the 

treatment of solid tumors (e.g., breast, ovarian, and 

lymphoma) and blood cancers (e.g., malignant lymphoma), 

and has demonstrated effectiveness across a broad 

spectrum of cancer types [9]. Meanwhile, 5-FU is used in 

the treatment of gastrointestinal cancer, breast cancer, and 

certain skin disorders [10]. While the optimal treatment 

plan varies for every patient based on individual 

conditions, cancer type, and cancer stage, CPA or 5-FU is 

part of representative regimens such as FOLFOX (5-FU, 

oxaliplatin, and leucovorin), AC (adriamycin and CPA), 

CHOP (CPA, doxorubicin, vincristine, and prednisone), R-

CHOP (rituximab, CPA, doxorubicin, vincristine, and 

prednisone), CMF (CPA, methotrexate, and 5-FU), CAF 

(CPA, doxorubicin, and 5-FU), and FEC (5-FU, epirubicin, 

and CPA) [11-16].The potent NaClO solution, typically 

recommended as a cleansing agent for anticancer agents in 

safety cabinets, reacts with water molecules via 

hypochlorite ions. This reaction involves the removal of 

electrons from other organic molecules, resulting in the 

formation of chloride and hydroxide ions, which exhibit an 

oxidizing effect. As indicated in Table 2, the residual 

amount of both CPA and 5-FU decreased as the 

concentration of the NaClO solution increased during 

decontamination. Additionally, we confirmed that CPA and 

5-FU remained stable when cleaned with purified water, 

invert soap water, and ethanol in safety cabinets, and their 

residual rates remained unchanged after mixing(data not 

shown). Therefore, these decontaminationmethods can 

only physically remove anticancer drugs without their 

inactivation, which can have severe implications on the 

environment upon disposal. Moreover, for treating 

anticancer drugs residues in waste generated from bed 

baths, it is recommended to use an appropriately diluted 

NaClO solution as a decontaminant, considering the 

environmental impact. However, it is important to note that 

NaClO is a strong oxidizing agent with potent alkaline 

properties, which can corrode any metal instruments in the 

environment and damage the skin and mucous membranes 

when used as a decontamination solution1. Considering 

reports indicating the potential of the solution to react with 

certain anticancer drugs, resulting in mutagenicity and 

concentration-dependent cytotoxicity [1], it is crucial to 

explore methods for minimizing the use of NaClO 

solution.This Includes careful consideration of its 

concentration and reaction time and developing strategies 

minimizing its use to ensure its effective and safe 

utilization. 

On the other hand, HAW, which has recently gained 

attention as a sterilizing and antiviral agent, is a slightly 

acidic electrolytic water solution with a pH of 6.0 ± 0.5. This 

is achieved by adding dilute hydrochloric acid to a sodium 

hypochlorite solution, resulting in an increased ratio of 

hypochlorite molecules in the aqueous solution [17]. 

Although the oxidizing power of hypochlorite molecules is 

primarily dominated by chlorine ions, the electrons of these 

ions are separated from the oxygen atom, rendering them 

in a more unstable state. Consequently, unstable chlorine 

atoms are known to exhibit potent bactericidal and 

oxidative effects at lower concentrations than NaClO. This 

is achieved by extracting electrons from the surrounding 

organic matter to form stable chloride ions.Notably,HAW is 

approved as a food additive by the Ministry of Health, 

Labour, and Welfare. However, its usage as a detergent for 

removing anticancer drugs has not yet been outlined in the 

guidelines. HAW utilized in this study had an effective 

chlorine concentration of 200 ppm (0.02% v/v). 

Figure 2 and Table 2 clearly show that the NaClO solution, 

designated as the guideline wash solution, effectively 

degraded CPA in a concentration-dependent manner. CPA 

degradation followed a first-order degradation mode and 

was eliminated regardless of the initial concentration. In 

contrast, 0.02% HAW exhibited a remarkable 

decontamination effect, degrading nearly 100% of CPA in a 

significantly shorter time than the equivalent effective 

chlorine concentration of 0.02% NaClO solution.For 5-FU, 

the residual rate showed a concentration-dependent 

pattern that was almost equivalent to 0.02% NaClO 

solution. However, the residual rate increased with 

increasing initial 5-FU concentrations, and unlike CPA, 5-FU 

did not exhibit first-order degradation. The residual rate 

reached equilibrium 30 min after the reaction. A 

comparison of the residual rate-time curves for 5-FU in 

0.02% HAW and 0.02% NaClO revealed that equilibrium 

was achieved in both cases. The magnitude of the residual 
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rate at equilibrium was dependent on the initial 5-FU 

concentration (Fig. 2).In contrast, CPA rapidly degraded in 

0.02% HAW at any initial concentration, making it 

impossible to obtain a residual rate-time curve. Despite the 

absence of a curve for 0.02% HAW, considering the first-

order degradation of CPA in 0.02% or 0.2% NaClO solution, 

it was inferred that the degradation mechanism involving 

hypochlorite ions differed between CPA and 5-FU. 

Moreover, the degradation of 5-FU by hypochlorite ions 

within the concentration range of these decontamination 

solutions and anticancer agents terminated quickly based 

on the concentration of hypochlorite ions, halting the 

degradation reaction upon ion consumption. Conversely, 

the degradation and elimination of CPA, exhibiting primary 

degradation, increased the degradation rate constantly 

with increasing concentrations of NaClO solution, 

accelerating the degradation process. Despite the constant 

degradation, irrespective of the initial CPA concentration, it 

was postulated that the radicals generated in the 

degradation process underwent sequential reactions.These 

findings underscore that 0.02% HAW surpassed the 

efficacy of 0.02% NaClO solution in CPAdecontamination, 

and that the mode of degradation varied with the type of 

anticancer agent. Additionally, it was observed that 0.02% 

HAW outperformed ozone water in removing both CPA and 

5-FU. 

The major metabolites of CPA in vivo are known to be 4-

hydroxycyclophosphamide, oxophosphamide, and 

chloroethylphosphoramide, all of which are involved in the 

alkylation of cancer DNA and act to inhibit cancer cell 

growth [18]. On the other hand, the major metabolites of 5-

FU in vivo are 5-fluorouridine and 5-fluorodeoxyuridine 

triphosphate, which inhibit protein synthesis and DNA 

synthesis, respectively, in cancer cells [19]. These are the 

active metabolites formed during the metabolism of CPA 

and 5-FU in vivo. A previous studyhas reported the 

formation of the active metabolite 4-hydroxy-

cyclophosphamide when CPA and NaClO are mixed [20]; 

thus,the formation of various active molecular species 

when CPA or 5-FUwas decontaminated with hypochlorite 

water or NaClO solutions of various concentrations cannot 

be ruled out. In this study, it was not possible to determine 

the molecular species that formed due to the combination 

of detergents and anticancer agents. However, we 

investigated whether the degradation-generated molecular 

species of 0.02% HAW, which had excellent degradation 

effects on CPA and 5-FU, were active in the reaction 

between detergent and anticancer agents.The effect of a 

mixture of decontamination solutions and anticancer 

agents on biological membranes was verified using the 

MTT assay. When the cytotoxicity of CPA, 5-FU, each 

decontamination solution, and a mixture of anticancer 

agents and decontamination solutions was investigated, as 

shown in Figs. 4 and 5, 2% NaClO alone was already the 

most cytotoxic from the first hour of culture, and the effects 

of reactants with CPA or a mixture of 5-FU could not be 

ascertained (Fig. 4). In addition, 0.2% NaClOalone had 

similar cytotoxicity to 2% NaClO 24 h after culture (Fig. 5). 

Therefore, NaClO described in the guidelines was the most 

cytotoxic in the range of concentrations used.In contrast, 

0.02% HAW alone was not cytotoxic at 1 or 24 h after 

incubation, suggesting little damage to the biological 

membranes (Figs. 4 and 5). 5-FU was more cytotoxic than 

CPA after 24 h of incubation (Fig. 5). However, when 0.02% 

HAW and anticancer drugs were mixed, cytotoxicity was 

three times greater in the culture mixed with CPA than in 

that mixed with 5-FU at 24 h (Fig. 5). The degradation 

products of 5-FU by 0.02% HAW were not considered to be 

cytotoxic because the cytotoxicity of 5-FU alone was similar 

to that of 0.02% HAW in the 24-h culture. Conversely, when 

CPA was mixed with 0.02% HAW, cytotoxicity significantly 

increased compared with CPA alone, indicating that 0.02% 

HAW degraded CPA and produced cytotoxic active 

degradation products. 

As indicated earlier, HAW is an extremely unstable 

decontamination solution; therefore, in this study, its 

concentration was limited to 0.02%. However, CPA 

decontamination demonstrated a decomposition effect 

equivalent to 2% NaClO solution mentioned in the 

guidelines (Table 1). On the other hand, the efficacy of 

0.02% HAW against 5-FU did not surpass that of 2% NaClO 

solution; however, complete decomposition was observed 

when the initial concentration of 5-FU was relatively low. 

Additionally, it was evident that the decontamination 

effects of HAW and NaClO on 5-FU did not progress further 

once they were consumed in the reaction process (Fig. 2). 

Considering these findings, it is believed that by 

substituting the NaClO solution specified in the guidelines 

with 0.02% HAW for decontamination, complete 

decomposition and decontamination of 5-FU could be 

achieved by incorporating several steps with HAW. 

Based on the above results, it was revealed that HAW has 

decontamination effects on anticancer drugs equivalent to 

or even greater than those of NaClO at low concentrations. 

Therefore, considering that low concentrations of HAW 

pose minimal harm to the human body, HAW can be used 

as a decontamination solution suitable for the prevention of 

exposure to anticancer drugs by replacing NaClO. 

However,HAW, like NaClO, has the potential to produce 

hazardous decomposition products when mixed with CPA; 

thus, ensuring the safety of the decomposition products 

during decontamination is crucial. By positioning HAW as a 

decontamination solution for the prevention of anticancer 

drug exposure and combining it with other 

decontamination solutions that allow for physical removal, 

a safe and convenient decontamination protocol for 

anticancer drug exposure can be established. 

Conclusion 

Based on a kinetic examination of the decontamination 

effects of HAW on representative anticancer drugs, CPA and 

5-FU, as indicators of anticancer drug exposure, HAW was 

found to exhibit a more potent decomposition effect on 

both CPA and 5-FU than diluted NaClO solutions and ozone 
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water, establishing its efficacy as a candidate 

decontamination solution. Additionally, based on the 

results of the MTT assay, there is a concern about the 

potential cytotoxicity resulting from the decomposition 

products generated by the reaction with anticancer drugs. 

Nevertheless,by appropriately combining HAW with other 

decontaminants, a safe and effective decontamination 

protocol can be established. 
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