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Summary 
Plant essential oils (EOs) have been reported to have health benefit properties and their preventive and therapeutic use 
in animals is expected to increase in the future. We evaluated the influence of five essential oils obtained from plant 
species which are known to have positive antimicrobial, antioxidative and anti-inflammatory effects – sage EO from 
Salvia officinalis L. (Lamiaceae), oregano EO from Origanum vulgare L. (Lamiaceae), thyme EO from Thymus 
vulgaris L. (Lamiaceae), clove EO from Syzygium aromaticum L. (Myrtaceae) and cinnamon EO from Cinnamomum 
zeylanicum Blume (Lauraceae) on the growth and development of mouse preimplantation embryos in vivo. Essential 
oils were added to commercial diet at concentrations of 0.25 % for sage EO, thyme EO, clove EO, cinnamon EO and 
0.1 % for oregano EO, and fed to ICR female mice for 2 weeks ad libitum. Females were then mated with males of the 
same strain. Embryos obtained on Day 4 of pregnancy at the blastocyst stage were stained by morphological triple 
staining (Hoechst, PI, Calcein-AM) and evaluated using fluorescent microscopy. The effects of essential oils were 
estimated by the viability of embryos, number of nuclei and distribution of embryos according to nucleus number. 
Cinnamon EO significantly decreased the number of nuclei and the distribution of embryos according to nucleus 
number was significantly altered. Sage EO negatively influenced the distribution of embryos according to nucleus 
number. Clove and oregano EOs induced a significantly increased rate of cell death. Only thyme EO had no detectable 
effects on embryo development. In conclusion, none of the essential oils had any positive effect on embryo 
development, but some of them reduced the number of cells and increased the incidence of cell death. 
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Introduction 
 
 A great number of plant species contain various 
chemical substances exhibiting health benefit properties, 
antioxidative, anti-inflammatory and antimicrobial 
effects. Their preventive and therapeutic use in animals is 
increasing. Following plant species exhibit these 

properties. Salvia officinalis, L. (Lamiaceae) is a 
perennial woody sub-shrub native to the Mediterranean 
area, used in the food-processing industry but also in the 
area of human health. It is well known for its fungistatic, 
virustatic and tannin-based antimicrobial properties. Anti-
inflammatory activities were reported to be caused by 
some constituents of plants such as triterpenes, oleanolic 
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and ursolic acids, or the diterpene carnosol (Baricevic et 
al. 2001). Sage exhibits one of the strongest antioxidant 
activities among herbs (Santos-Gomes et al. 2002). 
Thymus vulgaris, L. (Lauraceae) is indigenous to Central 
and Southern Europe, and is now widely cultivated as a 
tea, spice and herbal medicine. Its leaves have been used 
as a stomachic, diuretic and urinary disinfectant. The 
anti-inflammatory effect of thyme has also been 
employed in traditional medicine. The main active 
ingredients of the essential oil (EO) are thymol and 
carvacrol, with antioxidative, antimicrobial and 
antifungal effects (Pina-Vaz et al. 2004, Proestos et al. 
2005). Thymol also shows anti-aggregatory activity, 
strongly inhibiting platelet aggregation (Okazaki et al. 
2002) which can be used in prevention of thrombosis and 
arteriosclerosis. Origanum vulgare L. (Lamiaceae) is a 
low-growing perennial native to the Mediterranean, 
Western Asia and North Africa. As a culinary and 
medicinal herb it was already well known in ancient 
Greece and Rome. As with the two previous species, 
oregano contains several phenolic compounds showing 
strong antioxidant activity (Matsuura et al. 2003). The 
main component of oregano oil, carvacrol, has strong 
bacteriostatic and bactericidal properties which predestine 
oregano for preventive and therapeutical use in animals 
(Mauch and Bilkei 2004). Cloves are dried unopened 
flower buds of Syzygium aromaticum L. (Myrtaceae), an 
evergreen tree in the myrtle family. The name comes 
from the French “clou” meaning nail. Twenty-two 
compounds have been identified in the extracts of clove 
buds, with eugenol and eugenyl acetate as the major 
aroma constituents. Their antioxidant activity has been 
proved and found comparable to that of the natural 
antioxidant, vitamin E (Lee and Shibamoto 2001). 
Eugenol is reported to have strong antifungal (Chami et 
al. 2004), anti-inflammatory (Dip et al. 2004) activity, 
and has been investigated for its potential 
anticarcinogenic effect (Dorai and Aggarwal 2004). It is a 
constituent of the clove EO, showing antibacterial effects 
(Burt and Reinders 2003). Cinnamomum zeylanicum 
Blume (Lauraceae) is the inner bark of a tropical 
evergreen tree and grows wild in Sri Lanka, Madagascar, 
India and Indochina. The essential oil shows antioxidant 
(Dhuley 1999), antibacterial (Friedman et al. 2004) 
antifungal (Wang et al. 2005) and some other therapeutic 
activities. 
 In general, the essential oils from the above-
mentioned plants are potentially useful mainly for their 

antibacterial, anti-inflammatory and antioxidant 
activities. Some of them are already used in human and 
veterinary medicine, however little is known about their 
influence on preimplantation embryos. The 
preimplantation phase of embryo development seems to 
be very sensitive and a number of compounds have been 
reported as toxic or lethal for embryos during the 
cleavage. Possible negative influences could have later 
consequences such as implantation failure, fetus death in 
the postimplantation period, and low litter size. The aim 
of our study was to investigate the effects of essential oils 
from cinnamon, clove, oregano, sage and thyme on the 
growth and development of mouse preimplantation 
embryos in vivo. 
 
Methods 
 
Animals and treatment 
 Female mice (ICR strain, Velaz, Prague, Czech 
Republic; 4 weeks old) were randomly divided into five 
experimental groups (n=24) and one control group 
(n=25). All animal experimentation was reviewed and 
approved by the Ethical Committee of the Institute of 
Animal Physiology. The main active compounds of the 
selected plant essential oils determined by gas 
chromatography (Calendula, Nova Lubovna, Slovak 
Republic) were as follows: Oregano EO – carvacrol 
(65 %); Cinnamon EO – eugenol (77 %); Sage EO – 
thujone (25 %), cineole (14 %), borneole (17 %); Thyme 
EO – thymol (24 %), p-cymene (48 %); Clove EO – 
eugenol (85 %). Essential oils were added to commercial 
rodent diet (Diet for laboratory mice and rats SPF, M1; 
Frantisek Machal, Ricmanice, Czech Republic) in 1 % 
edible soya oil (Brölio, Germany) and fed to female mice 
for 2 weeks at the following concentrations: 0.25 % clove 
EO; 0.25 % cinnamon EO; 0.25 % thyme EO; 0.25 % 
sage EO and 0.1 % oregano EO. 0.25 % essential oil 
corresponds to a daily intake of 375 mg/kg; 0.1 % 
essential oil corresponds to 150 mg/kg/day. These doses 
of essential oils were tested in preliminary experiments 
on virgin females, which showed that average food intake 
and body weight gains were similar to the control 
animals. Control animals were fed on the diet with the 
vehicle only (1 % edible soya oil). Feed and water were 
available ad libitum. Body weight of mice in all groups 
was evaluated on day 0, 7 and 14. 
 After the first 2 weeks, three females were 
placed with one male of the same strain for a maximum 
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of eight days. Each morning the females were checked 
for the presence of a vaginal plug, which was taken as a 
Day 1 of pregnancy, and fertilized female was separated 
from the male. Unfertilized females were excluded from 
the experiment after 8 days. During that time all mice 
were fed ad libitum with a diet containing the tested 
essential oils or vehicle till Day 4 of pregnancy.  
 Fertilized mice: Oregano EO, n=14; Clove EO, 
n=17; Cinnamon EO, n=17; Thyme EO, n=15; Sage EO, 
n=13; Control, n=13. 
 
Embryo recovery  
 Females were killed by cervical dislocation on 
Day 4 of pregnancy. Embryos were recovered at the 
blastocyst stage on Day 4 of pregnancy separately from 
each animal by flushing the uterus using a flushing-
holding medium (FHM) (Lawits and Biggers 1993), and 
counted. The embryos were then transferred into 30 μl 
drops of FHM and prepared for morphological triple 
staining. 
 
Morphological triple staining 
 For morphological changes and cell viability 
assessment, embryos were stained with cell-permeant dye 
Hoechst 33342 (HO, 20 μg/ml; Sigma-Aldrich; stains all 
cells), cell-impermeant dye propidium iodide (PI,  
20 μg/ml; Sigma-Aldrich; stains dead cells only), and 
cytoplasm was stained with Calcein AM (5 μM; 
BioChemika, stains live cells only) for 40 min at 37 °C. 
The embryos were then washed, sealed with coverslips 
and observed using fluorescence microscopy at 400× 
magnification (BX 51 Olympus, Japan).  
 The number of nuclei and corresponding 
morphological profile were assessed in all embryos: 
healthy nuclei, oval, with uniform Hoechst staining, or 
with visible chromosomes; condensed nuclei with dense 
Hoechst staining, smaller than normal nuclei; fragmented 
nuclei, in the process of karyorhexis or disintegrated into 
apoptotic bodies; disseminated fragments; and polar 
bodies. Healthy nuclei were counted as Hoechst normal 
nuclei, and condensed and fragmented nuclei as Hoechst 
damaged nuclei. Additional PI and Calcein staining was 
used for their following categorization (Fabian et al. 
2004).  
 The following numbers of embryos were 
examined by morphological triple staining on Day 4: 
Oregano EO, n=144; Clove EO, n=143; Cinnamon EO, 
n=102; Thyme EO, n=126; Sage EO, n=123; Control, 

n=90. 
 
Statistical analysis 
 The results are expressed as mean values ± S.D. 
The Chi-square test was used to detect differences in the 
preimplantation distribution of embryos according to 
nucleus number and the mean percentage of normal and 
dead cells. One-way ANOVA followed by Dunnett’s test 
was used for the statistical analysis of total cell numbers 
of embryos and body weight changes of female mice. 
Values of P<0.05 were considered as significant. 
 
Results 
 
 The analysis of embryo growth and development 
influenced by plant essential oils evaluated by triple 
staining is shown in Table 1. We examined number of 
nuclei and distribution of nuclei as parameters 
characterizing the growth and development of 
preimplantation embryos, and percentage of normal and 
dead cells (apoptotic or necrotic nuclei) to determine their 
viability. 
 The number of nuclei was significantly lower 
(P<0.01) in cinnamon essential oil-fed experimental 
animals, and the distribution of embryos according to 
nucleus number was also statistically significantly altered 
(P<0.001) in this group. We detected significant (P<0.05) 
changes in preimplantation distribution of embryos 
according to nucleus number after the sage essential oil 
administration. Other essential oils apparently did not 
influence preimplantation embryo growth. Viability of 
embryos was altered only minimally and appeared as an 
increase of cell death. Treatment with clove essential oil 
induced a significantly higher (P<0.01) percentage of 
dead cells (0.8 %) in comparison to 0.3 % of dead cells in 
the control group. Oregano essential oil also significantly 
increased (P<0.05) the proportion of dead cells to 0.6 %. 
Only thyme essential oil had no detectable effects on 
embryo development. 
 Plant essential oils did not induce significant 
differences (P>0.05) in body weight of experimental 
animals (Table 2).  
 
Discussion  
 
 Natural plant products have been used since 
ancient times and their use is now increasing. Some 
essential oils are known to have various health benefit 
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properties, especially antibacterial, anti-inflammatory and 
antioxidative activities.  
 Recent studies show that they can influence 
every organ system. The reproductive system is not an 
exception. It is known that some plant extracts can 

exhibit their effects during the preimplantation 
development of embryos. We can divide these effects into 
three categories: 
 1. Primary effect – when plant extracts are 
mainly used in medicine to influence embryo growth and 

Table 1. Analysis of the growth and development and cell death incidence in mouse preimplantation embryos obtained on Day 4 from 
ICR mice fed with diet containing selected plant essential oils, evaluated by morphological triple staining (Hoechst, PI, Calcein AM) 
 

 Oregano Clove Thyme Cinnamon Sage Control 
 (Origanum 

vulgare) 
(Syzygium 

aromaticum) 
(Thymus 
vulgaris) 

(Cinnamomum 
zeylanicum) 

(Salvia 
officinalis) 

 

 0.1 % 0.25 % 0.25 % 0.25 % 0.25 %  
Number of used mice 24 24 24 24 24 25 
No. of pregnant mice  14 17 15 17 13 13 
Obtained embryos 144 143 126 102 123 90 
Number of nuclei (Ø) 44.8±11.6NS 44.8±12.8NS 45.5±13.2NS 38.7±11.3** 44.7±9.9NS 44.5±11.2 
 % 1 - 8 nuclei 0.0 0.0 0.0 0.0 0.0 0.0 
 % 9 - 16 nuclei  0.7 0.0 1.6 1.0 0.0 0.0 
 % 17 – 32 nuclei 18.8 22.4 18.3 44.1 17.9 18.9 
 % 33 – 64 nuclei 79.2 71.3 77.0 53.9 82.1 75.6 
 % > 65 nuclei 1.4NS 6.3NS 3.2NS 1.0*** 0.0* 5.6 

Normal nuclei (%)  99.4 99.2 99.7 99.9 99.6 99.7 
Dead cells (%) 0.6* 0.8** 0.3NS 0.1NS 0.4NS 0.3 

 
Footnotes: Ø means ± S.D.; Normal nuclei are defined as Hoechst normal, PI−, Calcein+; dead cells are defined as a) apoptotic nuclei - 
Hoechst damaged, PI+/−, Calcein+ and b) secondary necrotic nuclei - Hoechst normal/damaged, PI+/−, Calcein−; statistical difference 
NS (P>0.05), * (P<0.05), ** (P<0.01), *** (P<0.001). The one-way ANOVA followed by Dunnett’s test was used for the mean cell number 
of nuclei, and the Chi-square test for the distribution of embryo cell number and for the profile of cell death incidence. 
 
 
Table 2. Analysis of weight changes in female mice fed with a diet containing selected plant essential oils two weeks before mating 
evaluated on Day 0, 7 and 14. 
 

  Oregano    Clove    Thyme   

Day 0 7 14 0 7 14 0 7 14 
Body 
weight (g) 

21.0 
± 1.1NS 

21.8 
± 1.2NS 

22.7 
± 1.3NS 

20.9 
± 1.1NS 

21.9 
± 1.0NS 

22.8 
± 1.4NS 

20.7 
± 0.9NS 

21.9 
± 1.2NS 

22.7 
± 1.6NS 

Initial 
weight (%) 

100  
± 5.4 

103.8  
± 5.6 

108  
± 5.5 

100  
± 5.4 

105  
± 4.8 

109  
± 6.2 

100  
± 4.4 

105.3  
± 5.3 

109  
± 7.1 

  Cinnamon   Sage   Control  

Day 0 7 14 0 7 14 0 7 14 
Body 
weight (g) 

20.5 
± 1.2NS 

21.6 
± 1.4NS 

22.6 
± 1.5NS 

20.8 
± 1.0NS 

21.4 
± 1.1NS 

22.4 
± 1.3NS 

20.0 
± 3.7 

21.9 
± 1.3 

22.8 
± 1.5 

Initial 
weight (%) 

100  
± 5.6 

105.3  
± 6.7 

110  
± 6.8 

100  
± 4.8 

102.7  
± 5.0 

108  
± 5.6 

100 
± 18.4 

109.5  
± 6.0 

114  
± 6.7 

 
Data are means ± S.D.; the one-way ANOVA statistical difference NS(P>0.05) 
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development. The example is Ruta graveolens L. 
(Rutaceae) used for the purposes of therapeutic and 
fertility regulation and as an abortifacient (Freitas et al. 
2005). Four-day ingestion of Ruta aqueous extract given 
to superovulated mice resulted in a high proportion of 
abnormal embryos with diminished cell numbers.  
 2. Secondary effect – when plant extracts exhibit 
their health benefit properties in other organ system, but 
simultaneously they can influence also the reproduction 
and development of embryos. Extracts of Rosmarinus 
officinalis L. (Lamiaceae) are apparently not toxic for 
humans but they could have abortive effects. The 
administration of rosemary aqueous extract to pregnant 
rats during Days 1-6 of pregnancy increased the 
preimplantation embryo loss, although the difference was 
not significant (Lemonica et al. 1996). Maytenus ilicifolia 
Mart. (Celastraceae) is used in folk medicine particularly 
for stomach disorders, but it is also used as an 
abortifacient agent by South American women. One 
study (Montanari and Bevilacqua 2002) showed a 
significant decrease in the number of implantation sites 
and fetuses in female mice that received the extract (1000 
mg/kg) between the first and third day of pregnancy, 
indicating that Maytenus ilicifolia caused embryonic loss 
before the implantation period. It is interesting to note 
that the effect of the extract was not uniform among the 
animals of the treated group; some females showed 
preimplantation losses and reabsorptions, having no 
fetuses at all, whereas in others no alterations in these 
parameters were noted.  
 3. The effect of overdosage of administered 
plant extracts (dose-dependence). They exhibit health 
benefit properties in a specific range of concentrations 
but they can cause alterations if this range is surpassed. 
This dose-dependence was observed in study presenting 
the possible embryotoxic effects of Coleus barbatus 
Benth. (Lamiaceae). A hydroalcoholic extract was 
administered to pregnant rats during the preimplantation 
period in increasing doses 220, 440 and 880 mg/kg/day 
(Almeida and Lemonica 2000). Only the highest dose 
(880 mg/kg/day) induced delayed fetal development and 
an anti-implantation effect.  
 We examined the effect of oregano, clove, 
thyme, cinnamon and sage essential oils on the growth 
and development of mouse preimplantation embryos in 
vivo. To our knowledge there are no available studies 
describing the influence of these essential oils on 
preimplantation embryos. The examined essential oils are 

reported to exhibit mainly antioxidative and protective 
effects, but usually within a specific range of 
concentrations. If this range is surpassed they could have 
negative effects.  
 Elbetieha et al. (1998) studied the effects of 200, 
400 and 800 mg/kg of Salvia fruticosa Mill. (Lamiaceae) 
aqueous extract on pregnant female rats during the 
preimplantation period. The ingestion of 800 mg/kg 
reduced the number of implantations and increased the 
number of resorptions in the pregnant females. In our 
experiment we used EOs in doses of 375 mg/kg daily, 
apart from oregano EO (150 mg/kg). However, it is 
impossible to compare literature data directly because of 
significant differences in experimental design including 
various types of plant extracts and their compositions. 
Vujosevic and Blagojevic (2004) demonstrated the 
antimutagenic properties of sage essential oil 
administered to mice in the dose range 25-50 μl/kg. 
Suppression of the mutagenic effect of mitomycin C and 
decreased numbers of aberrant cells was observed. 
However the higher dose 100 μl/kg induced cytotoxic 
effects. This observation seems to be comparable to our 
results, where our average dose 375 mg//kg fed to mice 
had no evident cytotoxic effects, but there were 
alterations in the embryo cell distribution compared to 
control animals.  
 We observed a significant increase of dead cells 
in preimplantation embryos due to the addition of clove 
or oregano essential oil. Despite the relatively low levels 
of embryo cell death in our experiment, they could 
potentially have physiological significance due to the 
lower sensitivity of the morphological staining used (in 
comparison with TUNEL assay).  
 A higher incidence of cell death (P<0.01) was 
observed after treatment with clove EO containing 
eugenol as the main active compound. Eugenol is 
classified as a suppressor of cell proliferation and growth 
factor expression, a down-regulator of antiapoptotic 
proteins and activator of apoptosis (Dorai and Aggarwal 
2004). Furthermore, it was shown that eugenol is able to 
slow down the growth and cause the apoptotic changes in 
carcinoma cells (Aggarwal et al. 2004). This observation 
was confirmed by studies carried out on leukemia cells 
HL 60 (Okada et al. 2005, Yoo et al. 2005) and 
melanoma cells (Ghosh et al. 2005). 
 Developmental toxicity of isoeugenol was 
reported by George et al. (2001). In their study pregnant 
rats received isoeugenol (250, 500 or 1000 mg/kg) on 
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gestational days 6 through 19. The highest dose 1000 
mg/kg/day caused a decrease in maternal body weight 
gain (7-9 % in comparison to controls), intrauterine 
growth retardation and skeletal defects in fetuses. It could 
be hypothesized that eugenol can inhibit processes related 
to the intensive cleavage of embryonic cells. It is 
interesting to note that eugenol is also the major active 
compound in cinnamon EO, but we observed rather 
different effects of cinnamon and clove EO on 
preimplantation embryo development. Cinnamon EO also 
contains cinnamaldehyd, which has been reported to have 
a strong antiproliferative effect and is also able to induce 
generation of reactive oxygen species in cells (Wu et al. 
2004). Our results show that the addition of cinnamon EO 
induced a significant (P<0.01) decrease in the average 
number of nuclei, closely connected with the significantly 
altered distribution of embryo cell numbers, while 
changes in the cell death rate were not significant. All 
these observations may be connected with the 
antiproliferative effects of cinnamaldehyd. It is probable 
that these influences are dose-related and that higher 
doses of cinnamon EO could induce a significant increase 
of dead cell proportions. 
 The principal components of oregano and thyme 
EOs are thymol and carvacrol. In oregano EO they 
represent around 78-82 % of the total oil (Botsoglou et al. 
2002). Besides the known antioxidative properties of both 

plant species, oregano is also used as a natural feed 
additive supporting growth and reproductive 
performance. Oregano has been reported to increase the 
farrowing rate and decrease the stillbirth rate in sows 
(Allan and Bilkei 2005). However, with our experimental 
design we found no significant changes due to oregano or 
thyme EOs in preimplantation development.  
 In conclusion, our results show that none of the 
examined essential oils positively influenced mouse 
preimplantation embryo growth and development after 
their addition to the maternal diet. Some of them 
negatively influenced embryonal growth and viability. 
One of the possible reasons for this could be the 
relatively high concentration of administered EOs, but in 
any case the used concentrations correspond well with the 
generally recommended doses for prophylaxis in animal 
husbandry. On the other hand, the positive effects of 
essential oils might be better evident in stressful 
conditions such as infection or oxidative stress.  
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