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Abstract  

Objective: Endoscopy procedures are frequently performed in gastroenterology clinics, and disinfection 

cost, corrosion and toxicity are important problems in this area. For this purpose, hybrid nanoflowers at 

various pHs were synthesized with orthophtaldehyde (OPA), which has an important in disinfection in these 

clinics, and the hybrid nanostructures obtained by reducing the amount of orthophtaldehyde use were aimed 

to also increase the effectiveness of the disinfectant. 

Methods: OPA nanoflowers (OPA NFs) were synthesized and their effective diameters (hydrodynamic 

diameters) and surface charges were determined by dynamic light scattering (DLS) and Zeta potential (ZP) 

measurements, respectively. Antimicrobial activities of orthophtaldehyde and OPA NFs against 

Staphylococcus aureus (S. aureus) ATCC 25923, Escherichia coli (E. coli) ATCC 35218 and Candida 

albicans (C. albicans) ATCC 90028 standard strains were evaluated by the liquid microdilution method using 

percent inhibition method. 

Results: OPA-based OPA-Cu2+hybridnano flowers (OPANF) were synthesized successfully at different pH 

values (pH 7.4, 9 and 11). The most effective antimicrobial activity was observed in the nanoflowers 

synthesized at pH=7.4 for all tested microorganisms.  Although the antimicrobial activity decreased as the 

pH value increased, NFs activity was higher than OPA alone at all pH values (p<0.001). In this study, NFs 

synthesized with 0.02 mg/ml OPA were found to be 5.2 times more effective for C.albicans, 5.75 times for 

E.coli and 4.4 times for S.aureus than OPA(0.02 mg/ml). 

Conclusion: NFs showed very high antimicrobial activity compared to OPA and also promise to be a 

preferred agent in medical device disinfection providing a high level of disinfection with the use of a few 

amounts of OPA that use in clinics. 
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INTRODUCTION  

Endoscopic procedures are widely used 

medical procedures all over the world. During 

these procedures, patients are exposed to some 

risks. A number of infectious pathogens can be 

transmitted to patients during the procedure. 

Devices used in endoscopy are classified as 

semi-critical devices. These devices come into 

contact with damaged or intact mucous 

membranes and skin (1). Endoscopy devices 

are cleaned with high level disinfection (HLD) 

procedures to reduce the risk of 

microorganisms transfer from endoscopes. The 

HLD process removes all microorganisms, only 

a small number of bacterial spores may remain 

(2,3). Cleaning of endoscopes requires cleaning 

of interior, exterior and all surfaces and the use 

of effective microbicidal agents (4). Flexible 

gastrointestinal endoscopic devices are heat 

labile, so chemicals are often used in HLD. Low 

temperature sterilization methods can also be 

used, but there is no low temperature 

sterilization method approved by the United 

States Food and Drug Administration (FDA). 

Orthophtaldehyde (OPA) is a highly effective 

and important chemical substance used for this 

purpose. The use of OPA is a chemical agent 

used for HLD, approved by the FDA in October 

1999. In vitro studies show that it has excellent 

microbicidal activity (5). In United States, more 

than 10 million gastrointestinal endoscopy 

procedures are performed annually (6). 

Therefore, sterilization of these devices is of 

great importance. 

Recently, hybrid nanostructures in the form 

of organic inorganic flowers called 

“nanoflowers (NFs)” were first discovered by 

Zare et al. using Cu2+ as an inorganic molecules 

and protein/enzyme as organic compounds and 

were described to support catalytic activity and 

stability (7). NFs are also important for 

industrial areas such as enzyme purification 

processes, drug delivery, vaccine studies, and 

possible applications for environmental 

protection (8-11). Altınkaynak et al. (2016) 

observed that lactoperoxidase derived NFs 

show more efficient catalytic activity than free 

lactoperoxidase (12). Since the discovery of 

NF, plant extracts are among the most 

commonly used organic compounds (13-18). 

In this context,  orthophtaldehyde, which is 

used as a HLD were firstly synthesized as NFs. 

It is aimed to evaluate the antimicrobial activity 

of this newly created substance on bacteria and 

fungi and to compare it with the use of OPA 

alone. 

METHODS 

Microorganisms: 

In the study, Candida albicans (C. albicans) 

ATCC 90028, Staphylococcus aureus (S. 

aureus) ATCC 25923, Escherichia coli (E. coli) 

ATCC 35218 were used as standard strains. 

Microorganisms are stored from -80 °C and 

expected to dissolve, and bacteria were grown 

on tryptic soy agar and fungi were cultivated on 
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yeast extract agar after an overnight incubation, 

and the incubated microorganisms were used in 

antimicrobial activity experiments. The strains 

used for this study were obtained from the 

collection of Erciyes University Faculty of 

Pharmacy, Department of Pharmaceutical 

Microbiology. 

Synthesis of OPA Nanoflower: 

OPA Copper nanoflower syntheses were 

made with phosphate buffer saline (PBS) 

solution prepared at three different pH. 

For 1000 ml of synthesis 

20 mg of OPA is weighed on a precision 

balance so that the final concentration in the 

solution is  0.02 mg/ml. It is mixed thoroughly 

in the magnetic stirrer for about 5 minutes until 

it is well dissolved in 20 ml of distilled water. 

6.66 ml of the pre-prepared 120 mM Copper 

sulfate solution is added and mixed 

approximately for one minute so that the final 

concentration in the solution is 0.8 Mm/L. The 

solution is transferred to a one liter balloon jug. 

The volume is made up to 1 liter with freshly 

prepared PBS with pH adjusted to 7.4. 

For pH 9: 

The pH of PBS is adjusted to pH 9 with 0.1 

M NaOH and used for nanoflower synthesis.  

For pH 11: 

The pH of PBS is adjusted to pH 11 with 0.1 

M NaOH and used for nanoflower synthesis 

(14). 

Antimicrobial activity method: 

The minimum inhibitory concentrations 

were determined by using broth microdilution 

method. Mueller Hinton broth and RPMI 1640 

were used respectively for bacteria and fungus. 

Microplates were incubated for 24 hours (590 

nm) for bacteria and 48 hours (600 nm) for 

fungi. Results were evaluated 

spectrophotometrically (Azure Ao, Biosystem, 

France) and inhibition percentages were 

calculated. The study was performed in three 

replications for each microorganism (19,20). 

Statistical analysis 

In the data analysis, Graphpad Prism 

software version 8.0.1. was used. The 

conformity of the data to the normal 

distribution was examined using 

KolmogorovSmirnov tests. At least three 

experiments were repeated in the 

measurements. The data is presented as mean 

value ± SD value.and its statistically evaluated 

with Mann-Whitney U and One-Way ANOVA 

tests (Tukey's multiple comparison test). One-

way ANOVA procedure was used to perform 

the analysis of variance. The p value less than 

0.01 were considered significant 

RESULTS 

Ortophitaldehyde hybrid nanoflowers and 

their characterization: 

OPA-based OPA-Cu2+ hybrid nanoflowers 

(OPA NFs) were synthesized by incubating 

OPA and copper (II) (Cu2+) ions in PBS at 

different pH values (pH 7.4, 9 and 11). First, the 
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synthesis of OPA NFs were completed and 

characterized by adjusting the buffer solution to 

pH 7.4 (Figure 1). As seen in Figure 1A, the 

OPA NF has a spherical, porous and compact 

structure with a scanning electron microscope. 

The mean diameter of the OPA NF was 

determined as 15 µm. Hydrodynamic diameter 

and surface charge of OPA NFs are seen as 

dynamic light scattering and zeta potential of 

1.5 µm and -30 mV, respectively. The main 

reason why the effective diameter is much 

smaller than the electron microscope diameter 

is that OPA NFs precipitate after a certain 

period of time and smaller leaf-like structures 

suspended in solution are measured. When the 

zeta potential value is considered, it is an 

indicator that the surface charge is negative and 

that the OPA molecules have lost protons.  

 
Figure 1. Characterization of OPA NF (pH 7.4): A) Electron microscope image (2000 KX), B) Hydrodynamic diameter 

spectrum and C) Zeta potential spectrum 
 

The same synthesis protocol was carried out at 

pH 9 and 11, respectively, and the resulting 

OPA NF like structures were characterized as 

seen in Figure 2 and Figure 3. For the formation 

of OPA NF at pH 9, according to the scanning 

electron microscope image in Figure 2A, leaves 

with an average size of 5-10 µm were formed to 

form OPA NF and entered the growth process, 

but they did not combine to form a flower-like 

morphology. Structures in square-like 

morphology are seen in the additional enlarged 

image in Figure 2A. Hydrodynamic diameter 
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and surface charge, dynamic light scattering 

and zeta potential of OPA NF like structures are 

seen as 3.5 µm and -35 mV in Figures 2B and 

2C, respectively. In the measurement of the 

effective diameter, the diameter of the leaves 

were measured in general, and when the zeta 

potential value is considered, the surface charge 

being more negative compared to Figure 1C is 

an indicator of higher proton loss of OPA 

molecules. 

 

Figure 2. Characterization of OPA NF (pH9): A) Electron microscope image (500 KX), enlarged image that is in the lower right corner 

of figure 2A (10000 KX). B) Hydrodynamic diameter spectrum and C) Zeta potential spectrum 

 

It was seen that spherical Cu-based 

structures were formed instead of OPA NF 

according to the scanning electron microscope 

image in Figure 3A for the formation of OPA 

NF at pH 11. Hybrid structures have been 

obtained in different size, from nano-size to 

micro-size, where the reaction medium is 

highly alkaline. The hydrodynamic diameters 

of the OPA-Cu hybrid structures showed 

polydispersity as dynamic light scattering at 

200 nm, 1 µm and 3.5 µm (Figure 3B). The 

surface charges of these structures, on the other 

hand, give a high negative zeta potential of 

approximately -50 mV (Figure 3C).  

OPA NFs were also synthesized by 

incubating OPA and copper (II) (Cu2+) ions in 

PBS at acidic pH values (pH 5 and 3). However, 

both OPA NF formation and reaction no 

precipitate was obtained as a result. Since OPA 

carries a positive or nearly positive charge in an 
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acidic environment, a repulsive force is formed 

between the Cu2+ ions in the reaction and the 

OPA molecules, thus preventing their 

interactions. 

 

Figure 3. A) Characterization of OPA NF (pH11): A) Electron microscope image (5000 KX). enlarged image that is in the lower right 

corner of figure 3A (30000 KX). B) Hydrodynamic diameter spectrum and C) Zeta potential spectrum. 
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Graphic 1. Percentage inhibition of OPA NFs (pH=7.4, 

9 and 11) and OPA (0.02 mg/ml) against C.albicans 

O
P
A
 N

F (p
H
=7.

4)

O
P
A
 N

F (p
H
=9)

O
P
A
 N

F (p
H
=1

1)

O
P
A
 (0

.0
2 

m
g/m

l)

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 o

f 
in

h
ib

it
io

n
(%

)

 
Graphic 2. Percentage inhibition of OPA NFs (pH=7.4, 

9 and 11) and OPA (0.02 mg/ml) against E.coli 
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According to the results of the study, the most 

effective antimicrobial activity was observed in 

the NF synthesized at pH=7.4 for all tested 

microorganisms. Although the antimicrobial 

activity decreased as the pH value increased, 

OPA NF activity was higher than OPA alone at 

all pH values. However, the percent inhibition 

achieved at pH 7.4 was over 80% and these 

synthesized OPA NFs have minimum 

inhibitory effect for all tested microorganisms. 

These values were found to be statistically 

significant (p<0.001). 

The highest antimicrobial activity was 

determined in C.albicans, a fungus (~94 % 

graphic1),  followed by E.coli (~92 % graphic, 

2) which is Gram-negative bacteria and 

S.aureus (~88 % graphic, 3), which is Gram-

positive. 

Table.3. Percentage inhibition of OPA NFs (pH=7.4,9 

and 11) and OPA (0.02 mg/ml) against S. aureus  

DISCUSSION 

Today, although endoscopy procedures are 

widely used all over the world, the field of 

application and the variety of devices are 

increasing day by day. A high level disinfection 

process is applied for the disinfection of these 

devices. Problems such as cost, toxicity and 

effectiveness of chemicals used for HLD have 

become more important with increasing 

microorganism resistance. This study has 

unique value as it is the first study to investigate 

disinfectant-based nanoflower synthesis and 

efficacy. According to the findings, NFs-based 

OPA synthesized with a small amount of OPA 

showed highly effective antimicrobial activity. 

The amount of OPA used by the FDA in the 

routine has been specified as 0.55% (21). In this 

study, NFs synthesized with 0.02 mg/ml OPA 

were found to be 5.2 times more effective for 

C.albicans, 5.75 times for E.coli and 4.4 times 

for S.aureus than OPA(0.02 mg/ml). 

Several toxicity studies performed indicate that 

OPA can be a chemical irritant and sensitizer as 

an adjuvant for other allergens (22,23). OPA 

concentrations ranging from 1.0 to 13.5 ppb 

have been detected in air samples taken from 

the endoscope cleaning unit of a hospital using 

OPA as the primary disinfectant (24-26). These 

findings demonstrate that OPA has the potential 

to induce respiratory sensitization following 

inhalation exposure. By reducing the amount of 

OPA that used with OPA NF, high 

antimicrobial activity will be achieved and 
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toxicity will be reduced, thus reducing the 

amount of inhalation on healthcare workers and 

the exposure of patients. 

There are several types of disinfectants, each 

with their own advantages and disadvantages. 

Short contact time is an important consideration 

in countries with a high frequency of endoscopy 

procedures and device limitations. For this 

reason, disinfectants that require shorter contact 

times are used, such as OPA and formulas of 

peracetic acid and hydrogen peroxide. 

However, these disinfectants are more 

expensive than the glutaraldehyde. Given the 

growing need for endoscopy worldwide, the 

cost of endoscope reprocessing is a major 

concern (27). Most endoscopy units in China 

have used glutaral aldehyde (GA) as the 

disinfectant of choice because of its 

costeffectiveness. OPA is seen as the best 

alternative according to GA, the cost of OPA is 

almost prohibitive than GA (USD, 6.20$ per 

endoscope). Therefore, very few endoscopy 

units in China have been able to chosen OPA 

(28). In this study, both high-efficiency and 

low-cost disinfectants were obtained by 

reducing the standard usage dose of OPA with 

synthesizing OPA NFs. 

As a result of OPA NF (pH 7.4) acting as 

Fenton agents in the presence of hydrogen 

peroxide (H2O2), OPA NF oxidized the model 

substrate by showing enzyme-like activity 

through the Fenton reaction mechanism. In 

general, the Fenton reaction Cu2+ ions in the 

structure of OPA NFs are reduced to Cu1+ ions 

by reacting with H2O2, and these Cu1+ ions react 

with H2O2 again to form highly reactive 

hydroxyl radicals, and the free hydroxyl 

radicals produced by the Fenton reaction, 

oxidizing the model substrate, cause enzyme-

like activity (13,14).  

We hypothesized that abundant negatively 

charged groups in the cell promote the 

interaction between NFs and the bacterial cell 

membrane, leading to inhibition of cell 

replication and eventual cell death due to 

deformation of the cell membrane. Also, NFs 

are thought to act as Fenton-like agent based on 

Fenton chemistry to generate Cu1+ ions and 

various radicals that can cause cell death 

through oxidative stress and membrane 

damage.  

Limitations: 

This study has some limitations. Although 

the diversity of microorganisms is in terms of 

fungi and bacteria, however virus and parasitic 

activity can be investigated with further studies. 

CONCLUSIONS 

In this study, It is thought that the peroxidase 

like activity of NFs synthesized increases the 

antimicrobial activity. NFs synthesized for this 

purpose promises to be a preferable agent in 

medical device disinfection with further 

studies, by providing high level disinfection 

with the use of a few amount of OPA, being 

more environmentally friendly and less toxic. 
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