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ABSTRACT

Objective: As an anionic surfactant, sodium lauryl sulphate (SLS), 
is used as an emulsifying agent in toothpastes as well as many dif-
ferent household cleaning products. Many toothpastes contain 
SLS and it is responsible for the formation of foam when brush-
ing. However SLS may also irritate sensitive teeth and gums. Lip-
id peroxidation (LPO) is defined as an autoxidation process that 
is induced through the attack of free oxygen radicals leading to 
oxidative stress in the pathophysiology of various diseases. LPO 
causes the formation of highly reactive products including differ-
ent aldehydes, ketones, and alkanes serving as biomarkers of LPO. 
In our study we aimed to expose zebrafish embryos to SLS and de-
termine LPO in SLS exposed zebrafish embryos. 

Material and Method: Zebrafish embryos that were dividing nor-
mally and which had spherical shapes were chosen and they were ex-
posed to SLS both in low and high concentrations in well plates for 72 
hours. Rates of mortality and hatching were determined. The levels of 
malondialdehyde were evaluated using the Yagi's method as the end 
products of LPO in the form of thiobarbituric acid reactive substances. 

Results: Our findings showed LPO increased significantly in both 
low SLS (p<0.05) and high dose SLS (p<0.05) exposed zebrafish 
embryos when they were compared to the control group. 

Conclusion: It may be suggested that LPO is an early indicator of 
exposure to SLS during embryogenesis and further studies are re-
quired to confirm this finding.

Keywords: Sodium lauryl sulphate, toothpaste, lipid peroxidation, 
zebrafish embryos

ÖZ

Amaç: Sodyum lauril sülfat (SLS), ev temizlik ürünleri ve diş macun-
larında emülsifiye edici temizlik maddesi olarak kullanılan anyonik 
bir yüzey aktif maddedir. Birçok diş macunu fırçalarken köpük olu-
şumuna yol açan SLS içerir. Ancak SLS hassas diş ve diş etlerini tahriş 
edebilir. Lipid peroksidasyonu (LPO), çeşitli hastalıkların patofizyo-
lojisinde oksidatif strese yol açan serbest radikallerin saldırısı ile 
başlatılan bir otooksidasyon sürecidir. LPO, LPO'nun biyobelirteçleri 
olarak görev yapan farklı aldehitler, ketonlar, alkanlar dahil olmak 
üzere reaktif ürünlerin oluşumuna neden olur. Çalışmamızın amacı, 
SLS'ye maruz kalan zebra balığı embriyolarında oluşan LPO'yu de-
ğerlendirmektir.

Gereç ve Yöntem: Normal olarak bölünen küresel embriyolar, 72 
saat boyunca plaka kuyucuklarında düşük ve yüksek dozda SLS'ye 
maruz bırakılmıştır. Mortalite ve kuluçkadan çıkma oranları belir-
lenmiştir. Tiyobarbitürik asit reaktif maddeler olarak LPO'nun son 
ürünü olan malondialdehit (MDA) düzeyini belirlemek için Yagi 
yöntemi kullanılmıştır.

Bulgular: Bulgularımız, hem düşük SLS (p<0,05) hem de yüksek 
doz SLS’ye (p<0,05) maruz kalan zebra balığı embriyolarında kont-
rol grubu ile karşılaştırıldığında LPO'nun önemli ölçüde arttığını 
göstermiştir.

Sonuç: LPO'nun embriyogenez sırasında SLS'ye maruz kalmanın 
erken bir göstergesi olduğu öne sürülebilir ve bu bulguyu doğru-
lamak için farklı çalışmaların yapılması gerektiği düşünülmektedir.
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INTRODUCTION

Detergents are products that are widely used by humans in var-
ious forms to provide hygiene and prevent microorganisms (1). 
It can be found in various forms such as cleaning, medical, cos-
metic, and industrial products (2). Sodium lauryl sulphate (SLS) is 
a non-volatile, water-soluble, anionic surfactant commonly used 
in detergents. SLS, which can be produced naturally or synthet-
ically, is found in content levels between 0.01-50% in cosmetic 
products and 1-30% in cleaning products (2-6). SLS is added to 
toothpastes due to its antibacterial effects and accounts for be-
tween 0.5-2% of weight in toothpastes (Table 1) (7).

Toothpastes are used as aids for tooth brushing and are indis-
pensable products that provide personal oral hygiene.

Various chemical substances were added to the chemical con-
tent of toothpastes over time, which were made from a mixture 
of pumice and ash between 3000-5000 BC (7). The general con-
tent of toothpastes is shown in Table 2.

Manufacturers add abrasives, thickeners, moisturizers, preser-
vatives, detergents and active agents to the content of tooth-
pastes to increase the effect of fluoride, remove stains on teeth 
and combat dental plaque (8). Detergents and surfactants in 
toothpastes are substances which have cleansing and antibac-
terial effects due to their hydrophilic and hydrophobic proper-
ties. The most common detergent used in toothpastes is SLS 
(C12H25NaO4S). Its inclusion in the content of toothpastes start-
ed with the development of synthetic surfactants after World 
War II (7-9). Due to chemical content of toothpastes, biocom-
patibility also needs to be searched. 

All chemicals have toxic doses. In fact, many foods with chem-
ical content are classified as toxic. For example, table salt is 
considered to be moderately toxic with LD50 = 3000 mg/kg. 
Many toxicity studies have been conducted on SLS (10-13). Le-
thal concentrations based on animal experimental results are 
shown in Table 3.

In spite of there being few in vivo clinical studies, there are 
many in vitro studies on animals in literature to evaluate tox-
icity. Among the model organisms used for the toxicological 
evaluation of chemicals and drugs, zebrafish have recently 
been accepted as the gold standard (14,15). The Zebrafish is a 
4-6 cm long fresh water fish, has 84% of human disease genes, 
and can breed a large number of embryos at the same time 
with external fertilization. The development of externally fer-
tilized zebrafish embryos is very quick and the transparency of 
the embryo and the larvae allows them to be observed and to 
be manipulated easily in all development periods. Thus, they 
are considered more advantageous than common mammali-
an organism models (example: mouse). Embryotoxicity tests 
using zebrafish embryos is quite fast and simple method to 
evaluate the toxicity of many substances during embryogen-
esis (16,17).

Lipid peroxidation (LPO) is a detrimental autoxidation pro-
cess that is induced through the attack of free oxygen radicals 
leading to oxidative stress in the pathophysiology of various 
diseases. In the LPO process, free radicals attack phospholipids 
or polyunsaturated fatty acids of cellular or subcellular compo-
nent membranes. This causes the formation of highly reactive 
products including different aldehydes, ketones, and alkanes 
serving as biomarkers of LPO (18). The purpose of our study 
was to evaluate the possible toxic effects of SLS on developing 
zebrafish embryos.

Table 1: SLS Containing products (2-7).

Product Rate of SLS %

Cleaning products 1-30

Cosmetic products 0.01-50

Toothpastes 0.5-2

Table 2: Content of toothpaste (7).

Content of Toothpaste %

Abrasives 20-40

Water 20-40

Moisturizers 20-40

Detergents 1-2

Binding agents 2

Sweeteners 2

Therapeutic agents 5

Colorant and preservatives 1

Table 3: The lethal concentrations of SLS in different model organisms (2).

Acute Toxicity 
Oral Exposure 
in Rats

Acute Toxicity 
Dermal Exposure in 
Rabbits

Acute Toxicity 
Inhalation
in Rats

Lowest-observed-
adverse-effect in 
Rats

Aquatic Toxicity in 
Fish (96 hpf ) 

Lethal Dose 
Concentration (50%) 1288 mg/ kg 2000-20000 mg/kg >3900 mg/m3/1H 100 mg/kg/day 1-12 mg/L



69

Experimed 2021; 11(2): 67-72
Meseli et al.
The Biocompatibility of Sodium Lauryl Sulphate on Developing Zebrafish Embryos

MATERIAL AND METHOD

Research was carried out in Marmara University Basic Medical 
Sciences Department. Adult zebrafish were used for the research. 
Male and female (2:1) zebrafish were kept in an aquarium rack 
system at 28°C under a 14/10 light/dark cycle (Figure 1). Fertil-
ized eggs were collected and embryos were rinsed under water 
several times before used. Normally dividing, spherical embryos 
were exposed to a low dose (0.01 mg/10ml) and a high dose 
(0.04 mg/10ml) of SLS solutions. E3 Medium solution was placed 
in well plates for the control group. In total, 180 embryos were 
used. Each exposure group was prepared as 3 replicates in 24-well 
plates having 20 embryos in each of them. They were monitored 
to evaluate their development and the images of malformations 
were recorded by using a stereomicroscope (Zeiss Discovery.V8). 
Mortality and hatching analyses were also carried out every 24 h. 
Hatching rate is defined as the ratio of hatched embryos to the 
whole number of alive embryos in each well. Each day all the ex-
posure solutions used in the study were changed and they were 
replaced with fresh solutions. At the end of 72 hours post-fertili-
sation (hpf) the exposure period ended and the zebrafish embry-
os were washed several times using water. 

The zebrafish housing, matching, exposure systems and the 
stereomicroscope setup used to examine the development 
are given in Figure 1, and the experimental setup is given in 
Figure 2.

Biochemical analyses
In order to determine the biochemical parameters, zebrafish 
embryos at 72 hpf were used. At the end of 72 hours, the ze-
brafish embryos in each pool were homogenized in 1 mL PBS, 
and this was followed by a brief centrifugation. This proce-
dure was prepared as replicate pools of zebrafish embryos. 
For the analyses of protein levels and LPO, the supernatants 
was used.

Determination of Total Proteins 
In order to evaluate the level of total proteins in the super-
natants by using albumin as the standard, the Lowry method 
was applied (19). In this method, the reaction of alkaline pro-
teins with copper ions was followed by their reduction by the 
Folin reagent. Using a spectrophotometer, the absorbances 
of the agents produced was evaluated at 500 nm. The results 
were calculated to express the numeric values per protein. 

Determination of Lipid Peroxidation (LPO)
Malondialdehyde (MDA) is the end product of LPO and the 
MDA levels in the supernatants were evaluated as thiobarbi-
turic acid reactive substances (TBARS) using Yagi’s method (20). 

In this assay, the extinction coefficient was used as 1.56x105 
M−1cm–1. At the end of the assay LPO levels were given as nmol 
MDA/mg protein, in terms of MDA equivalents.

Statistical analysis
GraphPad 9 was used to evaluate the differences between the 
low dose exposed SLS, high dose exposed SLS groups and the 
control group. First one-way analysis of variance (ANOVA) anal-
ysis was applied and this was followed by Dunn’s multiple com-
parison test in order to evaluate the differences between the 
two groups. A value of p<0.05 was considered as statistically 
significant.

Figure 1: Breeding of zebrafish

Figure 2: The schematized experimental setup.
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RESULTS

The representative images of the zebrafish embryos at 48 hpf 
are given in Figure 3. Yolk sac edema were observed in both 
the low dose exposed SLS and high dose exposed SLS groups 
whereas spine curvature was observed in the high dose ex-
posed SLS group. High dose SLS exposed zebrafish embryos 
were found to have an increased mortality rate which was sig-
nificantly higher than the group exposed to the low dose of 
SLS as well as the control group (p<0.05) (Figure 4). A delayed 
hatching period was observed in the group of zebrafish em-
bryos exposed to a high dose SLS compared to the SLS group 
exposed to a low dose and the control group (p<0.05). There 
was no significant difference between the group exposed to a 
low dose SLS and the control group (p>0.05) (Figure 5).

Our results showed that LPO increased significantly in both low 
(p<0.05) and high dose exposed SLS (p<0.05) zebrafish embry-
os when compared with the control group. Moreover LPO lev-
els of the high dose exposed SLS zebrafish embryos increased 
significantly when compared with the low dose exposed SLS 
group (p<0.05) (Figure 6).

DISCUSSION 

Recently, the toxicity of toothpaste ingredients has been a 
matter of concern. Products, which are extremely useful at ap-
propriate doses, may be harmful in overdose. There have been 
many in vitro studies that were conducted to determine the 
toxicity of toothpaste ingredients. According to the results of 
these studies, although the concentration of the ingredients 
included in the toothpaste is low, the same ingredients can be 
taken into the body through drinking water, food, environment 
and other personal care products and stored in various organs 
and there is a possibility that their levels might increase. 

Figure 5: Hatching rates (%) of the control, low dose SLS 
and high dose SLS groups at 72 hpf. Values are given as 
mean±standard deviation. *p<0.05 Significantly different 
than the control group; **p<0.05 Significantly different than 
the low dose SLS group.

Figure 4: Mortality rates (%) of the control, low dose SLS 
and high dose SLS groups at 72 hpf. Values are given as 
mean±standard deviation. *p<0.05 Significantly different 
than the control group; **p<0.05 Significantly different than 
the low dose SLS group.

Figure 3: Representative images of the zebrafish embryos 
at 48 hpf are given as examples of individual phenotypes 
observed in the control, low dose SLS and high dose SLS 
groups. Yolk sac edema were observed in both the low dose 
SLS and high dose SLS exposed groups and spine curvature 
was observed in the high dose SLS exposed group. 

Figure 6: MDA levels as the end product of LPO, of the 
control, low dose SLS and high dose SLS groups at 72 hpf. 
Values are given as mean±standard deviation. *p<0.05 
Significantly different than the control group; **p<0.05 
Significantly different than the low dose SLS group.
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Detergents are substances that are added to toothpaste for 
cleaning and antibacterial effects due to their hydrophilic and 
hydrophobic properties. SLS, which is the most used detergent 
in toothpastes, is thought to have some side effects on the 
gum as well as adverse effects in patients with recurrent aph-
thous ulcers. SLS causes oral mucosal desquamation (21,22). 
Elimination of the protective mucin surface layer induced by 
SLS reduces the resistance of the oral mucosa (23). It has been 
shown that there is a relationship between increased oral des-
quamation and toothpaste use (24-26).

In the study conducted by Shim et al., it was stated that the 
duration of the ulcer and the pain score decreased significantly 
during the period when toothpaste containing SLS was used 
(22). Different studies have shown that ulceration and inflam-
mation are caused by SLS. SLS also causes significant histologi-
cal changes in the buccal epithelium, e.g. hyperkeratosis, acan-
thosis, basal cell hyperplasia, and increased epithelial thickness 
(27). In an in vivo study conducted by Tadin et al. (2019), which 
examined the effects of SLS on human buccal epithelial cells, it 
was found to alter nuclear morphology, which in turn increases 
epithelial thickness (28).

Although there is a limited number of studies investigating the 
effects of triclosan, fluoride and silica nanoparticle contents 
of toothpastes on zebrafish embryos, there is no study in the 
literature examining the effect of SLS content on zebrafish em-
bryos (29-36). Our study is the first research to be done in this 
way. The toxic effects of the chemical content of toothpastes 
have been highly debated recently. Zebrafish, which has been 
accepted as the gold standard in toxicity studies, will be useful 
in the toxicity analysis of toothpastes due to the advantages 
of producing a large number of embryos (which will make the 
study more statistically reliable) and the examination of the dif-
ferences in developmental stages.

Short-term SLS exposure was shown to result in the modifi-
cation of morphology and cell composition of the gill appa-
ratus in ornate wrasse (37). Because of their physiological and 
anatomical characteristics, fish are very sensitive to the toxic 
effects of many compounds. Our study is the first research to 
evaluate the effects of SLS on developing zebrafish embry-
os. We observed an increased LPO in SLS exposed embryos. 
The mechanism of the toxic effects of anionic detergents has 
been evaluated in previous studies (37,38). Prolonged anion-
ic detergents exposure has been shown to cause mortality 
in fish which might be because of hypoxia, osmotic or ionic 
stability loss (38). In another study, guinea pigs were exposed 
to nickel (Ni), SLS and a combination of the two for 7 and 14 
days dermally. The exposure to Ni and SLS led to changes in 
enzymes and LPO in the kidneys. Moreover, exposure to Ni or 
SLS caused slight alterations while their combined exposure 
exhibited more degenerative alterations in the kidneys. The 
authors suggest that industrial workers who are exposed si-
multaneously to Ni and SLS may run the risk of having kidney 
damage (39).

Toothpastes have many indispensable benefits such as pre-
venting tooth decay, repairing initial caries chemically with 
remineralization, removing bad mouth odors, when cleaning 
mechanically with a toothbrush. On the other hand, some 
substances in the toothpaste can enter the circulation system 
and be stored in various organs. In addition to the beneficial 
properties we have mentioned, in order to prevent harm, one 
should be careful about this matter, especially in children, 
toothpaste suitable for the age group should be used, and care 
should be taken not to swallow the toothpaste consciously or 
unconsciously in both children and adults.
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