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Abstract 

Various chemical solutions are available for oral hygiene and care, but these chemical solutions also cause various side effects in living systems. 

This study aimed to assess biocompatibility of a conventional chlorhexidine gluconate-based mouthwash versus a natural formulation containing 

Olea europaea leaf and Opuntia ficus-indica extracts using the zebrafish embryo model. Zebrafish embryos were exposed to two concentrations (100 

ppm and 1000 ppm) of each mouthwash for 72 hours post-fertilization. Developmental properties such as mortality, hatching rate, pericardial 

edema, and body length were evaluated. When these parameters compared to the control group, mortality rate significantly increased in 1000 

ppm Chlorhexidine (CHX) and 100 ppm CHX groups at 24, 48 and 72 hpf (p<0,05) while  body length significantly decreased in 1000 ppm CHX 

and 100 ppm CHX groups compared to the control group (p<0,05). Biochemical analyses included oxidative stress parameters and 

acetylcholinesterase (AChE) activity. Biochemical analyses showed that levels of lipid peroxidation were significantly increased in both 1000 ppm 

and 100 ppm CHX groups compared to the control group (p<0,0001; p<0,001). Superoxide dismutase (SOD) activity decreased significantly in the 

100 ppm CHX group compared to the control group (p <0,01). Glutathione S-transferase (GST) activity decreased in the 100 ppm CHX group 

compared to the control (p<0,05) and acetylcholinesterase (AChE) activity was reduced in the 1000 ppm CHX and 100 ppm CHX groups compared 

to the control group (p <0,001; p <0,0001). These findings provide evidence regarding the differential biocompatibility of synthetic and plant-based 

mouthwashes in early developmental models. 
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1. Introduction

Maintaining optimal oral hygiene is essential for 

preventing a wide range of dental and periodontal 

diseases. In addition to mechanical plaque control 

methods such as toothbrushing and flossing, 

antimicrobial mouthwashes are commonly used for 

reduce microbial load and improve gingival health [1]. 

Therapeutic mouthwashes often contain active chemical 

agents such as chlorhexidine gluconate, exhibit broad-

spectrum antimicrobial activity and clinical potency in 

reducing oral biofilm [2]. Despite these properties, 

increasing attention has been directed toward the 

biocompatibility and potential toxicity of this chemical 

agent, especially when used regularly or over extended 

periods. Chlorhexidine gluconate mouthwashes have 
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been linked to several side effects, including 

discoloration of teeth and tongue, alterations in taste 

sensation, and mild irritation accompanied by 

superficial desquamation of the oral mucosa. These side 

effects can reduce patient compliance and limit the 

overall acceptance of chlorhexidine gluconate containing 

mouthwashes [3–8]. Due to these side effects of chemical 

structures, there has been an increased interest in 

alternative oral care products with high 

biocompatibility. Olea europaea (olive) leaf extract and 

Opuntia ficus-indica (prickly pear cactus) have emerged 

as promising candidates due to their antioxidant, anti-

inflammatory, and antimicrobial properties [9–12]. 

Olea europaea (olive) leaf have been widely used in 

folk medicine over centuries and have been employed in 

traditional remedies across various Mediterranean 

countries [13]. Extracts derived from these leaves have 

been incorporated into human diets and are known to 

contain a range of bioactive compounds that may exert 

beneficial effects such as lowering blood glucose and 

cholesterol levels, reducing blood pressure, modulating 

inflammation, and providing antioxidant and 

antiatherogenic properties [14,15]. Olea europaea leaf 

extract has also been evaluated for its potential use in 

oral health care. Clinical studies have demonstrated its 

effectiveness as a mouthwash in reducing gingival 

inflammation, alleviating chemotherapy-induced oral 

mucositis, and managing aphthous ulcers, with results 

comparable to standard treatments such as 

chlorhexidine and dexamethasone [16,17,9]. 

Opuntia ficus-indica (prickly pear nopal cactus) a 

member of the Cactaceae family, possesses significant 

medicinal potential due to its rich content of bioactive 

compounds. These include phenolic substances and 

flavonoids, such as kaempferol and quercetin, which are 

well-recognized for their antioxidant properties [18–20].  

Zebrafish, a freshwater species commonly found in 

natural habitats and rice fields, were initially utilized as 

a model organism for embryological and developmental 

research in the 1930s. Over time, they have become one 

of the leading model organisms in developmental 

biology due to notable genetic similarities between the 

zebrafish and human genomes [21,22]. Their external 

fertilization and transparent embryos make them 

particularly suitable for real-time observation in 

toxicological assessments [22]. Due to all these 

advantages, in recent years zebrafish embryos has been 

used as a model organism in the field of dentistry. There 

are studies about the ingredients of toothpastes, such as 

fluoride [23], sodium lauryl sulphate [24,25], triclosan 

[26], sodium benzoate [27], calcium carbonate 

nanoparticles [28], titanium dioxide [23], silica 

nanoparticles [29], and ginger in herbal toothpastes [30]. 

Furthermore, there are researches about dental 

materials, including Bisphenol A-glycidyl-methacrylate 

(Bis-GMA) [31], bioceramics [32], and porcelain-to-metal 

fused crowns [33]. In a different context, zebrafish have 

also been used in oral radiology studies. A previous 

study investigated the effects of panoramic X-rays on 

zebrafish embryos [34], while another recent study 

examined the potential effects of low-dose diagnostic 

dental X-rays [35]. Moreover, zebrafish have been used 

in the field of periodontology to examine the effects of 

products, for instance gingipain [36]. As a result, 

zebrafish are frequently chosen in biocompatibility 

studies due to their rapid reproduction ability and easy 

adaptation to laboratory conditions. Addtionally they 

allow monitoring of embryonic development and have 

high genetic similarity with humans [37]. 

The aim of this study was to investigate the effects of 

a conventional chlorhexidine gluconate-based 

mouthwash and a natural formulation containing Olea 

europaea and Opuntia ficus-indica extracts on zebrafish 

embryos. To this end, oxidant and antioxidant 

parameters, morphological examinations, mortality and 

hatching assessments were conducted in zebrafish 

embryos exposed to chlorhexidine and the natural 

formulation solution to obtain data on the 

biocompatibility of plant-based mouthwashes in oral 

care applications.  

2. Material and methods  

2.1.  Maintenance of zebrafish 

Wild-type AB/AB strain zebrafish were maintained 

under apparently disease-free conditions. Animal 

husbandry and spawning were performed in accordance 

with the relevant guidelines and regulations and the 

protocols approved by the University of Marmara 

Institutional Animal Care and Use Committee. Fish were 

kept in an aquarium rack system (Zebtec, Tecniplast, 

Italy) at 27 ± 1 °C under a light/dark cycle of 14/10-hour 

and they were fed with commercial flake fish food 

complemented with live Artemia twice a day. The pH of 

system water ranges from 6.9 to 7.2. Reverse osmosis 

water that contains 0.018 mg L-1 Instant OceanTM salt was 

used for all experiments. After natural spawnings, 

fertilized embryos were gathered and staged according 

to their developmental and morphology as described 

before and were maintained in E3 medium [38].  

2.2.  Embryo exposure 

Two different types of mouthwash were selected 

according to their different ingredients, Natural solution 

(NS) and Chlorhexidine (CHX). In this study, the LC50 

value was not determined. We conducted experiments 

with the references we obtained from the literature 

[3,39,40] and selected doses that were morphologically 
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close to the control group for both groups. The 

ingredients of NS and CHX are given in Table 1. 

Zebrafish embryos were exposed to two different doses, 

1000 ppm and 100 ppm at 0-2 hpf (hours post-

fertilization) for both solutions and experimental groups 

were formed (Control, NS 1000 ppm, NS 100 ppm, CHX 

1000 ppm, and CHX 100 ppm) (sample size (n): 100 in all 

groups). 

Embryo medium (E3 medium; 5 mM NaCl, 0.17 mM 

KCl, 0.33 mM CaCl2, and 0.33 mM MgSO4) was used as 

the blank control. Every 24 h solutions were replaced 

and dead embryos were discarded. The development of 

embryos were monitored and documented daily under 

a stereomicroscope and malformations were recorded 

during the exposure period (Zeiss Discovery V8, 

Gottingen, Germany) [38].  Embryonic mortality and 

hatching rate were noted on each day. At the end of         

72 hours post-fertilisation (hpf) the exposure period 

ended and the zebrafish embryos were washed several 

times using distilled water. The study investigated the 

effects of exposure to oral care solutions during the 

embryonic period. Therefore, exposure was initiated 

between 0-2 hpf after obtaining the embryos and was 

terminated at 72 hpf. Considering the timeframe 

considered as the embryonic period up to 120 hpf, it was 

possible to continue the study until 120 hpf. This is one 

of the limitations of our study. Since the zebrafish 

embryos used in this study were less than 5 days old, 

ethical approval was not required for this study in 

accordance with the protocol specified by [41]. 

 

Table 1. Ingredients of the mouthwashes 

Mouthwashes Ingredients 

Natural 

Solution (NS) 

Aqua, glycerin, xylitol, polysorbate 20, sorbitol, 

phenylpropanol, caprylyl glycol, Opuntia ficusıindica 

extract, Olea Europaea extract, maltodextrin 

Chlorhexidine 

(CHX) 

Chlorhexidine gluconate, benzydamine hydrochloride, 

polysorbate 20, sorbitol (70%), propylene glycol, 

peppermint essential oil, sucralose, ecocool MP 

(flavor), quinoline yellow, patent V blue, citric acid 

monohydrate, sodium citrate dihydrate, purified water 

2.3.  Body length 

Body length of the zebrafish embryos were measured in 

millimeters at the end of 72 hpf. Digital images of 

zebrafish embriyos and micrometer scale were captured 

using a stereomicroscope (Zeiss Discovery V8, 

Gottingen, Germany). Body length was measured from 

the mouth tip to the tail base and along the body axis 

utilizing digital images and Kinovea software (0.8.15 

version).  

2.4.  Biochemical assays  

At the end of 72 hpf, exposures were terminated, and 3 

biological replicates of pools of zebrafish embryos (100 

embryos/pool; 3 biological replicates for each group) 

were homogenized in a tissue lyser for analysis of 

biochemical parameters. The supernatant, separated by 

centrifugation, was then aliquoted and stored at -20°C 

until the experiment was performed.  

2.4.1.  Total protein assay 

Total protein levels of the samples were measured by 

Lowry method [42]. In this method, proteins first react 

with copper ions in an alkali medium and then they are 

reduced by Folin reagent. The absorbances are 

determined at 500 nm. The total protein levels were 

calculated and used to present the results per protein. 

2.4.2.  Lipid peroxidation (LPO) assay 

Yagi’s method was applied to evaluate LPO in the 

embryos. Malondialdehyde (MDA) is the product of 

LPO reacts with thiobarbituric acid (TBA) and the 

absorbance of the resulting pinkish color is determined 

at 532 nm spectrophotometrically using 1.56×105 M−1 cm−1 

as the extinction coeffcient. LPO is expressed in the form 

of MDA equivalents as nmol MDA/mg protein [43]. 

2.4.3.  Glutathione-s-transferase (GST) assay 

The activity of glutathione-S-transferase (GST) was 

determined spectrophotometrically at 340 nm and the 

absorbance of the product formed by GSH and 1-chloro-

2,4-dinitro-benzenin (CDNB) conjugation was evaluated 

[44]. 

2.4.4. Superoxide dismutase (SOD)  assay 

Superoxide dismutase (SOD) activity was determined 

using the method based on the ability of SOD to increase 

the effect of riboflavin-sensitized photo-oxidation of        

o-dianisidine. Superoxide activity is produced by 

illuminating the reaction mixture containing                       

O-dianisidine dihydrochloride and riboflavin by the 

light of a fluorescent lamp. The oxidation of                          

O-dianisidine is sensitized by riboflavin and enhanced 

by SOD and the increase is linearly dependent on the 

concentration of SOD. Absorbances at 0 and 8th min of 

the illumination were measured using a 

spectrophotometer at 460 nm and the net absorbances 

were calculated. The results were expressed as U/mg 

protein [45]. 

2.4.5.  Acetylcholinesterase (AChE) assay 

The acetylcholine esterase activity of the samples was 

measured by Ellman method [46]. Acetylcholine esterase 

produces thiocholine, which combines with                       

5.5′-dithiobis (2-nitrobenzoic acid) to produce a yellow 

hue. The resulting yellow color was measured at 412 nm 

using a spectrophotometer, and the absorbance was 

determined, and AChE activity was calculated. 
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Figure 1.  Embryonic mortality rate at 24, 48, 72 hpf and hatching rate at 48 hpf of the control, 1000 ppm NS, 100 ppm NS, 1000 ppm CHX and 100 

ppm CHX groups. Sample size (n): 100 in all groups. NS: Natural Solution, CHX: Chlorhexidine.    

 *p<0,05; **p<0,01; ***p<0,001; ****p<0,0001 

 
Figure 2.  Representative images of the zebrafish embryos in control, 1000 ppm NS, 100 ppm NS, 1000 ppm CHX and 100 ppm CHX groups. NS: 

Natural Solution, CHX: Chlorhexidine. 
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2.5. Statistical analysis 

The effects of NS and CHX on zebrafish embryos were 

assessed using one-way analysis of variance (ANOVA), 

and Tukey’s multiple comparison test was used as the 

post-hoc test for comparisons. Statistical analysis was 

performed using GraphPad Prism 10, and p<0.05 was 

considered significant. 

3. Results  

3.1.  Embryonic mortality rate and hatching rate 

Embryonic mortality rate at 24, 48, 72 hpf and hatching 

rate at 48 hpf of the control, 1000 ppm NS, 100 ppm NS, 

1000 ppm CHX and 100 ppm CHX groups are presented 

in Fig. 1. Compared to the control group mortality rate 

significantly increased in 1000 ppm CHX and 100 ppm 

CHX groups at 24, 48 and 72 hpf (p<0,05). Hatching rate 

of the 1000 ppm and 100 ppm NS groups increased 

significantly compared to the control, 1000 ppm CHX, 

and 100 ppm CHX groups (p<0,0001). Moreover  

hatching rate of the 100 ppm NS group was significantly 

higher than the 1000 ppm NS group (p<0,01). 

3.2.  Results of developmental analyses 

The representative images of the zebrafish embryos are 

given in Fig. 2. Cardiac hemorrhage and pericardial 

edema were observed in 1000 ppm CHX group at 48 and 

72 hpf.  

3.3.  Results of body length 

Body length of the control, 1000 ppm NS, 100 ppm NS, 

1000 ppm CHX and 100 ppm CHX groups were 

measured by Kinovea software (0.8.15 version) at 72 hpf 

(Fig. 3).  Body length significantly decreased in 1000 ppm 

CHX and 100 ppm CHX groups compared to the control 

group (p<0,05). However, there was no significant 

change in the body lengths of the NS groups compared 

to the control group. 

 
Figure 3. Body length of control, 1000 ppm NS, 100 ppm NS, 1000 ppm 

CHX and 100 ppm CHX groups. Sample size (n): 10 in all groups. NS: 

Natural Solution, CHX: Chlorhexidine.  *p<0,05; **p<0,01; ***p<0,001; 

****p<0,0001 

3.4. Results of oxidant-antioxidant analyses 

Fig. 4(A) shows the outcomes of lipid peroxidation 

analyses for the control, 1000 ppm NS, 100 ppm NS, 1000 

ppm CHX and 100 ppm CHX groups. Malondialdehyde 

(MDA) concentrations were significantly increased in 

the 1000 ppm CHX and 100 ppm CHX groups compared 

to the control group (p<0,0001; p<0,001 respectively). 

MDA concentrations of the 1000 ppm CHX group were 

significantly higher when compared to the 1000 ppm NS 

and 100 ppm NS groups (p<0,0001). Also MDA 

concentrations of the 100 ppm CHX group were 

significantly higher when compared to the 1000 ppm NS 

and 100 ppm NS (p<0,0001).  

The results of SOD activity of the control, 1000 ppm 

NS, 100 ppm NS, 1000 ppm CHX and 100 ppm CHX 

groups are shown in Fig. 4(B). SOD activity were 

significantly decreased in the 100 ppm CHX group 

compared to the control group (p<0,01) and SOD activity 

were significantly increased in the 100 ppm NS group 

compared to the control group (p<0,05). Compared to the 

100 ppm NS group SOD activity was significantly 

decreased in the 1000 ppm CHX and 100 ppm CHX 

groups (p<0,01; p<0,0001 respectively). SOD activity was 

significantly lower in the 100 ppm CHX group than in 

the 1000 ppm CHX groups (p<0,05). On the other hand, 

SOD activity in the 1000 ppm NS group was significantly 

higher than in 100 ppm CHX group (p<0,01). 

Fig. 4(C) shows the outcomes of GST activity for the 

control, 1000 ppm NS, 100 ppm NS, 1000 ppm CHX and 

100 ppm CHX groups. GST activity was significantly 

decreased in the 100 ppm CHX groups compared to the 

control group (p<0,05). GST activity of the 1000 ppm 

CHX group was significantly higher when compared to 

the 100 ppm NS and 100 ppm CHX group (p<0,05; p<0,01 

respectively). 

The results of Acetylcholine esterase (AChE) analyses 

of the control, 1000 ppm NS, 100 ppm NS, 1000 ppm 

CHX and 100 ppm CHX groups are shown in Fig. 4(D). 

AChE activity was significantly decreased in the, 1000 

ppm CHX and 100 ppm CHX groups groups compared 

to the control group (p<0,001; p<0,0001 respectively). 

AChE activity in the 1000 ppm NS group was 

significantly higher compare to 1000 ppm CHX and 100 

ppm CHX groups (p<0,01). AChE activity of the 100 ppm 

NS group was significantly higher compared to 1000 

ppm CHX and 100 ppm CHX groups (p<0,01). 

4. Discussion 

Every dental material intended for use in the oral cavity 

is tested according to criteria established by regulatory 

and professional bodies such as the American Dental 

Association (ADA), the Food and Drug Administration 
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(FDA), and the International Organization for 

Standardization (ISO) to regulate the safety evaluation of 

dental materials.  [47]. 

The literature includes studies on the in vivo and in 

vitro analyses of various solutions intended for oral 

hygiene and care. While in vitro cell culture methods are 

commonly utilized to screen for cytotoxicity, the 

zebrafish embryo model has emerged as a viable in vivo 

alternative to conventional animal testing [38]. Our 

study aimed to compare the effects of a chlorhexidine 

gluconate-containing mouthwash and a natural solution 

formulated with Olea europaea and Opuntia ficus-indica 

extracts on zebrafish embryos. 

Chlorhexidine (CHX) is a cationic bisbiguanide 

compound with broad-spectrum antimicrobial activity. 

However, CHX, though widely used for its antimicrobial 

properties, presents several significant biological 

disadvantages. In vivo studies have shown that 

chlorhexidine gluconate can cause epithelial disruption 

and inflammatory infiltration in oral tissues, raising 

concerns about its biocompatibility with mucosal 

surfaces [3]. Moreover, neurodevelopmental toxicity has 

been demonstrated in zebrafish larvae, where 

chlorhexidine gluconate exposure disrupted 

oligodendrocyte maturation and delayed myelination, 

leading to locomotor deficits during early development 

[39]. From a different perspective, chlorhexidine 

gluconate is classified as an FDA Category B agent, 

indicating that animal studies have not demonstrated 

fetal harm; however, in the absence of adequate and 

well-controlled studies in pregnant women, potential 

risks to the human fetus cannot be ruled out. Therefore, 

Figure 4. (A) Malondialdehyde (MDA) levels as an index of lipid peroxidation (LPO); (B) Superoxide dismutase (SOD) activities; (C) Glutathione 

S-transferase (GST) activities; (D) Acetylcholine esterase activities (AChE) of the control, 1000 ppm NS, 100 ppm NS, 1000 ppm CHX and 100 ppm 

CHX groups. Sample size (n): 100 individuals per pool in all groups.  

NS: Natural Solution, CHX: Chlorhexidine.  *p<0,05; **p<0,01; ***p<0,001; ****p<0,0001 
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its use during pregnancy should be limited to clearly 

justified indications [49,50]. 

As a result of these concerns regarding tolerability 

and developmental toxicity, alternative mouthwash 

formulations with improved safety profiles are of 

increasing interest. Olea europaea leaf extract has 

emerged as a promising candidate due to its anti-

inflammatory and antioxidant properties. Clinical 

studies have reported that Olea europaea-based 

formulations may reduce gingival inflammation and 

systemic inflammatory biomarkers such as C-reactive 

protein and alkaline phosphatase [9]. Similarly, Opuntia 

ficus-indica, a phytochemically rich plant containing 

flavonoids, polyphenols, and betalains, has been shown 

to exhibit anti-inflammatory and antioxidative effects, 

contributing to tissue protection under oxidative stress 

conditions [10,51]. These characteristics suggest that 

both Olea europaea and Opuntia ficus-indica may serve as 

more biocompatible ingredients in oral care products, 

especially in contexts where minimizing systemic or 

developmental toxicity is a priority.  

LPO serves as a marker of increased free radical 

levels. Its elevation is a critical indication of cell 

membrane damage, which could be initiated by the 

administration of chlorhexidine [52]. Consistent with 

our study, Newton et al. (2004) demonstrated that the 

LPO level increased in vitro, as chlorhexidine gluconate 

promotes Fe²⁺ release from human ferritin, triggering 

iron-dependent lipid peroxidation and mitochondrial 

dysfunction. These findings suggest that chlorhexidine 

may exert pro-oxidant effects through metal ion 

interaction and mitochondrial destabilization. Similarly, 

in another study, chlorhexidine exposure was associated 

with increased reactive oxygen species (ROS) generation 

and enhanced LPO, which is in line with our findings 

[53]. Although no direct studies have evaluated our 

specific formulation, several investigations have 

demonstrated that Olea europaea and Opuntia ficus-indica, 

which are among the constituents of the natural solution 

used in our study, exhibit antioxidant properties and 

contribute to the inhibition of LPO [12,54]. Similarly, no 

statistically significant difference was observed in LPO 

levels of the embryos exposed to the natural solution 

group and the control group in the present study. It is 

also important to note that certain model organisms, 

such as zebrafish, can rapidly activate endogenous 

defense systems, such as superoxide dismutase and 

glutathione peroxidase, upon exposure to mild oxidative 

stress, which may buffer measurable increases in LPO 

[55]. 

In addition to increased oxidative stress parameters, 

in our study, a decrease in SOD activities, which are anti-

oxidant defense system components, was detected in 

embryos given chlorhexidine. In addition to increased 

oxidative stress markers, in our study, a decrease in SOD 

activity was detected in embryos given 100 ppm CHX. 

This observation is consistent with previous in vivo 

findings, where CHX exposure resulted in reduced SOD 

expression, indicating a potential suppression of 

endogenous antioxidant mechanisms during tissue 

response [56]. The decrease in SOD activity in CHX-

exposed embryos may lead to depletion of the activity of 

SOD, the first defense enzyme of the antioxidant system, 

resulting from excessive ROS production, and this may 

be associated with mitochondrial membrane instability. 

[52,57]. 

In contrast to chlorhexidine, several studies have 

reported that Olea europaea leaf extracts enhance SOD 

activity under oxidative stress conditions, likely due to 

their high content of polyphenolic compounds such as 

oleuropein and hydroxytyrosol, which support 

endogenous antioxidant defense systems [58]. Similarly, 

Opuntia ficus-indica, another key component of the 

natural solution used in our study, has also been 

reported to increase SOD activity in various in vivo 

models, further supporting its antioxidant potential [59]. 

These results are consistent with the outcomes of our 

study, where embryos exposed to the natural solution at 

a concentration of 100 ppm exhibited increased SOD 

activity compared to the control group. This elevation in 

SOD levels suggests that the natural components of the 

solution, including Olea europaea and Opuntia ficus-indica, 

may contribute to the reinforcement of endogenous 

antioxidant defenses, in line with previous reports in the 

literature. 

A previous study has demonstrated that 

chlorhexidine increases GST activity in liver and kidney 

tissues, likely as a response to oxidative stress-induced 

detoxification demands [60]. In our study, there was a 

dose-dependent increase in GST activity in the group 

exposed to 1000 ppm chlorhexidine compared to the 100 

ppm chlorhexidine group. However, GST activity 

decreased in the 100 ppm chlorhexidine group 

compared to the control group.  

Although the exact pathway remains unclear, it is 

biologically plausible that chlorhexidine-induced LPO 

leads to the accumulation of electrophilic lipid 

peroxides, which are known substrates for GST. As a 

result, GST activity may increase as part of a non-

genomic, enzyme-substrate driven detoxification 

response [61,62]. Similarly, in the study conducted by 

Çoban et al. (2014), which investigated the antioxidant 

effects of Olea europaea leaf extract in aged rats, no 

statistically significant difference in GST activity was 

observed, consistent with our findings regarding the 

natural solution group. In addition, no direct study has 

yet reported the specific effects of Opuntia ficus-indica on 

GST activity [49]. Although Olea europaea and Opuntia 



Aydaş Bayramov et al.  Turk J Anal Chem, 7(3), 2025, 310–320 

317 

 

ficus-indica are well-documented for their antioxidant 

properties, the absence of a statistically significant 

alteration in GST activity in our natural solution group 

may be explained by several biological factors. Olea 

europaea and Opuntia ficus-indica mainly exert their 

antioxidative effects by supporting earlier-acting 

antioxidant enzymes such as SOD, rather than directly 

activating phase II detoxification enzymes like GST 

[64,65]. It is also possible that the amount or absorption 

of the active compounds in the natural solution was not 

strong enough to cause a clear increase in GST activity, 

especially when compared to the stronger oxidative 

stress caused by high-dose chlorhexidine. 

When evaluating the morphological alterations of 

zebrafish embryos, we observed pericardial edema and 

cardiac hemorrage in the 1000 ppm chlorhexidine 

exposed group. Furthermore, a significant reduction of 

AChE activity was observed in the 1000 ppm and 100 

ppm chlorhexidine groups, which was also reflected in 

the reduced body length. This association is consistent 

with previous research showing that AChE plays a 

critical role during early zebrafish development. 

Hanneman and Westerfield (1988) reported that AChE 

activity markedly increases during somitogenesis, a 

period essential for proper body axis elongation and 

musculature development [66]. Interference with AChE 

function during this stage disrupts cholinergic signaling 

at neuromuscular junctions, potentially leading to 

impaired motor neuron patterning and muscle fiber 

differentiation [67]. Furthermore, decreased AChE 

activity has been associated with neurodevelopmental 

delays and morphological abnormalities, including 

reduced body length, as shown by studies on 

organophosphate exposure and genetic knockdown 

models [68]. These findings suggest that the reduction in 

AChE activity observed in our chlorhexidine-treated 

groups may have led to neuromuscular dysfunction and 

subsequent deficits in somatic growth. In contrast, no 

statistically significant differences were observed in 

either AChE activity or body length between the natural 

solution group and the control group, suggesting that 

the natural components may have preserved cholinergic 

function and normal developmental progression. 

Interestingly, phytochemicals derived from Olea europaea 

have shown notable AChE inhibitory activity in vitro. 

Romero-Márquez et al. (2024) identified compounds 

such as oleuropein as potent inhibitors. Likewise, 

Khizrieva et al. (2021) reported strong inhibition in 

subcritical water extracts [69,70]. In contrast, our in vivo 

findings revealed no significant change in AChE activity 

with the olive-based natural formulation, suggesting 

potential differences in bioavailability or system-specific 

effects between in vitro and zebrafish models. While our 

study showed no significant effect of the natural solution 

on AChE activity, Opuntia ficus-indica extracts have 

demonstrated consistent AChE inhibition. This may be 

due to their higher concentrations of active flavonoids 

and betalains, which directly target cholinergic enzymes 

[71]. Additionally, the mode of administration and 

bioavailability likely differ; most Opuntia ficus-indica 

studies use concentrated extracts with enhanced 

systemic exposure [11]. In contrast, our formulation may 

act through non-cholinergic pathways or lack sufficient 

levels of AChE-targeting compounds. In addition, the 

absence of a significant difference in body length 

between the natural solution groups and the control 

group in our study may be attributed to the unchanged 

AChE activity. This interpretation is supported by 

previous zebrafish studies demonstrating that AChE 

activity is closely linked to early developmental 

processes [68,72]. 

5. Conclusion 

Our findings suggest that the natural formulation has a 

lower risk of adversely affecting development in 

zebrafish embryos and exhibits a better oxidative stress 

profile compared to chlorhexidine. On the other hand, 

the lack of behavioral analyses to support our findings 

on AChE activity and the lack of in vitro microbiological 

analyses of the solutions are among the limitations of our 

study. As a conclusion, our results support the potential 

use of plant-based oral care products during 

embryogenesis, but further in vivo and clinical studies 

are needed to confirm their safety and efficacy. 
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