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Due to the great natural products importance as our more highlighted toolbox to fight against several 
pathologies, we decide to evaluate the toxicity and reproductive effect of three popular phenols, carvacrol, 
thymol and eugenol; commonly useful them in pharmacology, cosmetic and food industry.  
Zebrafish (Danio rerio) model was used to evaluated LC50 and phenotypic changes in embryo stage. The LC50 
was calculated for eugenol, 18.7 mg/L; thymol, 7.7 mg/L and carvacrol 5.0 mg/L. Obtained LC50 values were 
according with early reports for eugenol, 13.2 mg/L. Afterwards phenotypic analysis was carried out to 
different concentrations and registered to 48, 72 and 96 hpf (hours post fecundation). 
For the 48 hpf analysis, eugenol showed a normal growth until 2.337 mg/L where as we could observe, a soft 
tail curvature, body depigmentation and non-normal yolk sac growth. To the 72 hpf embryos exposed to 
eugenol showed normal growth to the first concentrations, but its died to 2.337 mg/L and 1.168 mg/L. In the 
carvacrol molecule, analysis image showed cardiac edema and adverse effects in jaw growth. Embryos 
exposed to thymol does not showed any reproductive effects. 

1. Introduction 
Secondary metabolites are called to defend plants from physical, chemical and biological attacks, on this way 
these compounds also result a great opportunity for humans using them as medical bullets. Plants have given 
to us a fascinating toolbox of molecules to fight against many diseases, finding structures as alkaloids, 
coumarins, flavonols, lignans, terpenoids, polyketides, to name a few. Therefore these natural architectures 
are recognized as bioresources, even as models to get new chemical active entities through of organic 
synthesis (Newman and Cragg, 2016). One compound of these big family has receiving the attention from 
1950’s when the free radical theory was proposed, biophenols (Harman, 1957). 
Biophenols term was recently coined to refer to these molecules presents in the olive phytochemistry (Romeo 
and Uccella, 1996) and looking for differentiate it from polyphenols, common polymeric phenols compounds 
recognized as tannins (Chung et al., 2010). Definition of biophenols establishes that these kind of compounds 
are mainly biosynthesized in plants through of shikimic acid pathway, reducing the possibility that any nitrogen 
heteroatom will be include into the final basic structure (Quideau et al., 2011). Several goodness have been 
attribute to biophenols thanks to its biological properties, observed them in the benefit to uptake a 
Mediterranean diet, cereals, grains, seeds, olive oil, among others aliments with high phenols content (Visioli 
et al., 2002). 
Biological activities of biophenols have been highlighted in several reports where we can observe it capacity to 
act as antioxidants (Dróżdż et al., 2017), anti-Alzheimer (Omar et al., 2017), anti-proliferative activity 
(Goldsmith et al., 2015), leishmanicidal (Kyriazis et al., 2013), among others. According to the biophenols 
phytochemistry, some families of compounds like tannins, stilbenes, phenolic acids, flavonoids, lignans and 
phenylpropanoids, have been identified. Despite of alkaloids have been seized of the scientific attention in XX 
century, biophenols have been gained more attention in nowadays (Obied, 2013). Therefore several phenols 
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have been widely explored recently highlighting that ones are presents in medicinal and aromatic plants. 
Compounds like eugenol (EU), an exclusive phenylpropanoid (C3-C6) obtained from Eugenia caryophyllus in 
at least 12 % of extraction yield. It molecule has showed activities as antifungal (Gill and Holley, 2004), 
antitumor (Pisano et al., 2007) and antioxidant (Merchán et al., 2011). On the other hand C1-C6 phenols as 
carvacrol (CA) and thymol (THY) have been isolated from oregano yielding 2.7 % of oil with 75 and 6 % of 
each component, respectively; through of steam distillation process (Missopolinou et al., 2011). These 
compounds have showed bioactivities as antioxidants (Mastelić et al., 2008), antitumor (Kang et al., 2016) and 
among others (Suntres et al., 2015). 
Despite of it importance like natural biological active compounds and it usage in several food, cosmetics and 
personal care products, it reproductive risk has not been evaluated. In our research we wanted to evaluate the 
LC50 of each one of these phenols and its reproductive effects on zebrafish (Danio rerio). 

2. Materials and methods 
All reagents were commercially obtained (synthesis degree) and were used without previous purification. Dry 
clove bud were acquired in the local market. Gas Chromatograph interfaced to an Agilent Technologies MSD 
5963 Selective Detector (MSD) was used for MS identification at 70 eV using a 60 m capillary column coated 
with HP-5 [5 %-phenyl-poly(dimethyl-siloxane)]. 

2.1  Toxicity testing and phenotypic screening of biophenols and clove dry bud essential oil, using the 
zebrafish embryo model 

Wild-type adult zebrafish of both sexes were separated in two tanks (30 L each), according to their gender, at 
26 ± 2 °C under natural light-dark photoperiods. The fishes were feed twice daily and the water quality was 
recorded weekly, in order to acclimate the fishes for at least two weeks before experiments begin. For the 
reproduction of the adult fishes, small breeding tanks were set up in the evening previous to experiment, each 
containing three males and one female specimen. The tanks were isolated until next morning when the lights 
switch on and the natural mating occurs, without any perturbation. 
The adult fishes were returned to their corresponding tank and the embryos were collected, pooled and 
washed with E3 medium and transferred into a 92 mm glass Petri dish. Further, dead, delayed, malformed 
and unfertilized embryos were identified under a dissecting microscope and removed by select aspiration with 
a pipette. This last procedure was repeated at 12 and 20 hpf in order to remove the unfit embryos. Throughout 
this period of time, the embryos were kept at 28 ± 2 °C in an incubator under natural light-dark photoperiods.  
The selected embryos of 24 hpf from the Petri dish were gently distributed into 96-well plates, placing a single 
embryo and 200 μL of E3 medium per well. 
Adult zebrafish were care and used according to the Guide of the National Institute of Health for Care and Use 
of Laboratory Animals, keep them healthy and free of any signs of disease. The Ethics and Research 
Committee of the Heart Institute of Bucaramanga approved the protocol under the Acta Number 050 of May 
26 of 2012. 

2.2 Determination of zebrafish embryo LC50 

For this experiment, in total 72 embryos were required per sample in order to run three independent 
experiments in three different plates, and each compound was evaluated three times in the same plate, 
allowing the evaluation of four samples peer plate. In the range of concentrations established by a geometric 
series, starting from 83.3 and finishing in 1.3 mgL-1, the determination of the LC50 (mgL-1) was based on the 
cumulative mortality after 72 h of chemical exposure (96 hpf). Each embryo was examined under a dissecting 
microscope and the statistical analysis was made using Regression Probit analysis with SPSS for windows 
version 19.0. Data are expressed as the standard error of the mean (SEM) of three different experiments in 
triplicate. 

2.3 Phenotypic screening using the zebrafish embryo model 

Biophenols were diluted into the E3 screening medium with 1 % V/V of DMSO and aliquots of 200 μL were 
prepared at concentrations depending on the LC50 of each sample. The surrounding medium (200 μL) was 
carefully removed from the embryonic plates using an 8-multichannel pipette and then the appropriate 
chemical aliquot of each compound (200 μL), previously prepared, were added into the corresponding well of 
the embryonic plate. Eight controls wells were used peer plate, each containing E3 medium with 1 % V/V of 
DMSO. The embryonic plates were incubated at 28 °C and examined at 48, 72 and 96 hours post-fertilization 
(hpf) using an OPTIKA zoom stereo microscope (trinocular version of model SZM-1). 
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3. Results and discussion 
Firstly we performed the hydrodistillation of dry bud clove to obtain the essential oil yielding 11.7 % with 60.5 
% of eugenol. 7 % of acetyl eugenol and 7.5 % of β-caryophyllene (Merchan et al., 2009). To find the lethal 
concentration of each biophenols, were evaluated seven concentrations, 83.3 mgL-1, 41.6 mgL-1, 20.8 mgL-1, 
10.4 mgL-1, 5.2 mgL-1, 2.6 mgL-1 and 1.3 mgL-1. We found the LC50 for commercial compounds, carvacrol, 
eugenol, thymol and for dry bud clove essential oil (Table 1). 

Table 1: Biophenols LC50 values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Eugenol and dry bud clove essential oil (DBCEO) toxicities have been evaluated in several aquatics 
organisms due to it anesthetic activity, widely employed in fishes management (Hajek et al., 2006). In our 
research the LC50 value to the eugenol was 13.2 mg/L for 96 hpf, this value was according with the LC50 found 
after 168 hpf, 15.64 mg/L in zebrafish (Mácová et al., 2008). DBCEO toxicity has been evaluated in other fish 
species like rainbow trout (Oncorhynchus mykiss), 14.1 mg/L (Velišek et al., 2005a); common carp (Cyprinus 
carpio), 18.10 mg/L (Velišek et al., 2005b) and the wells catfish (Silurus glanis), 18.40 mg/L (Velišek et al., 
2006). As DBCEO toxicity could be attributed to the eugenol we performed this analysis obtaining a LC50 = 
18.7 mg/L in zebrafish. As same as DBCEO, this LC50 value was compared with literature where we found 
similar values (Muñoz-Acevedo et al., 2014). Despite of eugenol is a natural product widely used in food, 
cosmetic and biomaterials application, it has been showed hepatotoxic, genotoxic and carcinogenic effects 
(Maralhas et al., 2006). Genotoxic molecular bases were described in early studies by Tsai and coworkers in a 
theoretical study related with the genotoxic activity and structural features of several alkylbenzenes. Allylic 
fragment result to be an important moiety where occurs hydroxylation and sulfation activation towards 
formation of carbonion ion, responsible of the adverse effects in the cell (DNA) (Tsai et al., 1994). 
In the carvacrol and thymol case, we didn’t find reports about LC50 evaluation in fishes, however, some 
studies showed toxic activity in larvae (c. Pipiens molestus) reaching values as 37.6 µgL-1 and 36.0 µgL-1, 
respectively. In a recent study Radwan and coworkers found LC50 values using mosquito larvae (Culex 
pipiens) for these two phenols where carvacrol showed 44.38 µgL-1 and thymol 37.95 µgL-1 of LC50. Structural 
relationship between carvacrol and thymol showed that hydroxyl position had a relevant effect over toxicity. 
Insecticidal toxicities against Pochazia shantungensis, showed a higher toxic effect when nymph was 
exposure to the carvacrol (56 mgL-1) attributed to the methyl position (Park et al., 2017). However according to 
our results thymol showed higher toxicity value than carvacrol. It could be attributed to the action mechanism 
in the zebrafish is different than mosquito larvae and functional groups have another kind of interaction with 
macromolecules (Jeon et al., 2009). Despite of action mechanism has not described and understood, some 
proposals establish that those compounds permeate the mitochondrial membrane rising a pro-oxidative effect 
inducing cell apoptosis (Deb et al., 2011; Yin et al., 2012).  
Taking the LC50 of each compound we performed phenotypic analysis on zebrafish, using five different 
concentration under LC50 values. We identified damages through of embryo development to 48, 72 and 96 
hpf. Some samples showed several effects in features as curved bodies (CB), jaw malformation (JW), delayed 
hatching (DH), yolk sac edema (YSE), mild intestine (MI) and pericardial edema (PE). Most effects were found 
to low concentrations, higher concentrations to 96 hpf kill fishes. In the case of EU does not produce any body 
defect (Table 2).  

 

Sample Structure LC50 (mgL-1) 
Dry bud clove essential oil --- 13.2 

Eugenol 18.7 

Carvacrol 5.0 

Thymol 7.7 
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Table 2 Summary of effects of biophenols on zebrafish embryos after 96 hpf 

Comp.( mgL-1) Morphological defectsa 
Curved 
bodies 

Jaw 
malformation 

Yolk sac 
edema 

Mild 
intestine 

Pericardial 
edema 

DBCEO (0.812) + - ++ - - 
DBCEO (1.625) + - - - + 
DBCEO (3.250) + + - - + 

CA (0.312) - + - + - 
CA (0.625) - + - + + 
CA (1.25) + + +/-  + 
TH (0.432) - + - - + 
TH (0.875) - + - - + 
TH (1.750) - + - - ++ 

Blankb - - - - - 
a ++++ = very severe effect (75–100%); +++ = severe effect (50–75%); ++ = moderate effect (25–50%); + = 
minimal effect (5–25%); +/− = either minimal or no effect (0–5%); − = no effect b E3 medium without DMSO. 
 
Initially we check reproductive development through of phenotypic analysis to 48 hpf. Eugenol showed a 
normal development until 2.337mgL-1, where it shows a soft body curvature, body and eyes depigmentation 
and a yolk edema. To a 1.168 mgL-1 equally we could observe same effects on embryo growth. In the case of 
DBCEO composed mainly by eugenol we could observe almost the same behavior where embryos showed 
yolk reduction, eyes and body depigmentation. To a 6.5 mgL-1, column deviation towards yolk and movement 
difficulties. Carvacrol and thymol don’t shown phenotypic changes (Figure 1). 
 

 

Figure 1: Phenotypic changes induced by eugenol and DBCEO to 48 hpf.  

Afterwards we checked embryo development to 72 hpf however, body defects were as 48 hpf, showing body 
curvature, attribute mainly to the hepatotoxic activities and depigmentation related with inflammatory effects 
through of metabolic activation mediated by P450 cytochrome in the skin, forming allergenic compounds 
(Hagvall et al., 2008).  
Finally we observe phenotypic changes to 96 hpf where the eugenol doesn´t produce any morphological 
change in the embryo. DBCEO showed same effects where curvature body was the most highlighted result 
affecting the embryo movement and tail was not formed completely and jaw malformation was also identified. 
In the case of carvacrol it shows pericardial edema effect and jaw malformation no registered in table 2 
because this effect was not normally observed. Thymol exert pericardial edema as well that could be 
associated with the COX-2 gene expression (Dong et al., 2010). On the other hand, increasing yolk edema 
and extension could be a protection mechanism where cells recycled fat acids of the membranes improving 
the lipids deposit (Gubern et al, 2009).  
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Figure 2: Phenotypic changes induced by DBCEO, carvacrol and thymol to 96 hpf.  

4. Conclusion 
We evaluated toxicities of three biophenols widely used in food and cosmetic as flavoring, eugenol, carvacrol 
and thymol. These compounds showed toxicities values from 18.7 -5.0 mgL-1 where carvacrol was the most 
toxic biophenol and lower effects were observed for eugenol (18.7 mgL-1). Phenotypic analysis afforded to 
observe that several reproductive effects can be acquired when embryos are exposed to these molecules. 
Main alteration were observed in the body curvature, especially by DBCEO, jaw malformation exert by thymol 
and pericardial edema mostly observed for carvacrol. 
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